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Abstract

Background: Gastrointestinal diseases are associated with substantial cost in health care. In times of the COVID-19 pandemic
and further digitalization of gastrointestinal tract health care, mobile health apps could complement routine health care. Many
gastrointestinal health care apps are already available in the app stores, but the quality, data protection, and reliability often remain
unclear.

Objective: This systematic review aimed to evaluate the quality characteristics as well as the privacy and security measures of
mobile health apps for the management of gastrointestinal diseases.

Methods: A web crawler systematically searched for mobile health apps with a focus on gastrointestinal diseases. The identified
mobile health apps were evaluated using the Mobile Application Rating Scale (MARS). Furthermore, app characteristics, data
protection, and security measures were collected. Classic user star rating was correlated with overall mobile health app quality.

Results: The overall quality of the mobile health apps (N=109) was moderate (mean 2.90, SD 0.52; on a scale ranging from 1
to 5). The quality of the subscales ranged from low (mean 1.89, SD 0.66) to good (mean 4.08, SD 0.57). The security of data
transfer was ensured only by 11 (10.1%) mobile health apps. None of the mobile health apps had an evidence base. The user star
rating did not correlate with the MARS overall score or with the individual subdimensions of the MARS (all P>.05).

Conclusions: Mobile health apps might have a positive impact on diagnosis, therapy, and patient guidance in gastroenterology
in the future. We conclude that, to date, data security and proof of efficacy are not yet given in currently available mobile health
apps.

(J Med Internet Res 2022;24(10):e37497)   doi:10.2196/37497

KEYWORDS

gastrointestinal diseases; mHealth; mobile health; MARS; Mobile Application Rating Scale; systematic review; app quality;
gastrointestinal; mobile app; app
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Introduction

Gastrointestinal diseases are associated with substantial
morbidity and health care costs worldwide [1-5]. For example,
in the United States, the annual health care expenditures for
gastrointestinal diseases were US $135.9 billion in total, with
more than 54.4 million ambulatory visits with a primary
diagnosis for gastrointestinal disease and 3.0 million hospital
admissions [6]. Additional indirect costs arise due to substantial
levels of personal disability, work absenteeism, and loss of
productivity [7-12]. Therefore, health care systems are
challenged to provide equitable and affordable solutions for
patients with digestive diseases [6,13].

In particular, for the successful treatment of chronic
gastrointestinal diseases (eg, inflammatory bowel disease [IBD]
and irritable bowel syndrome), the patient’s adherence and
compliance are crucial [14-19]. Treatment recommendations
are extensive, consisting of medical and psychological measures
[20-24]. Moreover, they include high-demand interventions
such as health behavior changes (eg, dietary adjustments or
stress management) that cannot be addressed adequately in
routine health care [6,24-26]. Additionally, the COVID-19
pandemic with consecutive lockdown forced the health care
institutions to uptake contactless approaches [27-32]. Therefore,
the implementation of mobile health (mHealth) apps might be
a promising approach [33-36].

A recent US study showed that 58.2% of smartphone users had
at least 1 mHealth app downloaded on their device [37]. Fitness
and nutrition apps were the most commonly downloaded
mHealth apps [37]. However, mHealth solutions might also
have a potential impact in prevention, diagnostics, and therapy
in gastrointestinal disorders [38].

Unfortunately, there is a relevant gap between the high number
of available mHealth apps to manage gastrointestinal diseases
and the low number of reliable scientific studies in this field
[33,36,39]. This gap is concerning as the use of mHealth apps
is accompanied with potential risks and side effects such as
insufficient data protection and a lack of privacy, as well as
treatment without informed consent [40]. Other potential hazards
such as misinformation, nonavailability in emergencies, and
data misuse have been reported for mHealth apps [40,41].

Due to the rapid development in technology, users and health
care providers have difficulties in identifying relevant,
high-quality mHealth apps, because they have to rely on the
information provided in the stores such as user star ratings and
app descriptions [42]. Previous studies have already indicated
that user star ratings are potentially misleading because they
are influenced by user-friendliness and functionality rather than
by content quality [43]. Furthermore, they might be biased due
to fake ratings or older versions of the app [42-44]. Therefore,
user star ratings might not be a valid orientation aid for selecting
a mHealth app, and other strategies to support users and health
care providers select an appropriate mHealth app to manage
health care issues should be considered.

Additionally, many scientifically tested apps developed by
universities and research projects do not enter the app market

[45]. In contrast, many available mHealth apps developed by
commercial providers have never been tested for their
effectiveness and efficacy [45]. Therefore, the quality of publicly
available mHealth apps for gastrointestinal diseases is not
evident in the literature. Due to increasing public interest in the
use of mHealth apps, reliable reviews and analyses are
mandatory [46].

Quality-measuring instruments for mHealth apps such as the
multidimensional Mobile Application Rating Scale (MARS)
are available in several languages, validated, and used
worldwide [47-50]. MARS is an expert rating tool that allows
researchers to reliably assess and compare mHealth apps
regarding user engagement, functionality, aesthetics, and the
quality of information [50-52]. Furthermore, it offers a
descriptive section in which aims, methods, theoretical
background, and cost, etc, can be assessed [48,52]. The MARS
was widely used to assess app quality systematically (eg, weight
management, rheumatoid arthritis, chronic back pain,
mindfulness, heart failure, chronic pain, posttraumatic stress
disorder, medication adherence, depression, and smoking
cessation, etc) [43,53-59].

The aim of this study was to systematically search for mHealth
apps for gastrointestinal diseases in the app stores and evaluate
their quality, content, and characteristics using the MARS [48].
Furthermore, mHealth app characteristics such as theoretical
background, the content of the apps, affiliation, and price were
assessed. Moreover, the accordance with gastroenterological
guidelines and evidence base of the included mHealth apps were
investigated.

Methods

Study Design
This systematic review was oriented on the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [60].

Search Strategy and Procedure
An automatic search engine (Mobile Health App Database
[MHAD] web crawler [61]) was used to systematically screen
the Google Play and Apple App stores for eligible mHealth
apps [62] between October 24, 2020, and June 12, 2021. The
applied search terms were defined by conducting focus groups
with patients with gastrointestinal disorders and health care
providers at the University Hospital Ulm and Freiburg to mimic
lay and professional searches. The final search terms included
“digestive problems,” “stomach pain,” “constipation,” “CED,”
“ulcerative colitis,” “Crohn’s disease,” “inflammatory bowel
disease,” “reflux,” “bloating,” “diarrhea,” “celiac disease,”
“food intolerances,” and “malabsorption.” The search terms
were entered separately because logical operations and
truncation cannot be used in the Google Play and Apple App
stores.

All found mHealth apps were registered in a central database,
and duplicates were automatically removed. All identified apps
were screened regarding whether their title, description, given
images, and comments of app users indicated that the app (1)
was developed for gastrointestinal health issues, (2) provided
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in the German or English language, (3) was downloadable in
the official Google Play or Apple App store, (4) was functional
to enable an assessment (no device problems), and (5) met no
other exclusion criteria (app bundles, only usable with another
device such as a smartwatch, or not active for download). In a
second step, the apps were downloaded and checked regarding
the aforementioned criteria.

Data Extraction, Evaluation Criteria, and Instruments
The included apps were evaluated by raters using the German
version of the multidimensional MARS (MARS-G) [48]. Before
starting with the evaluation process, the raters received
standardized web-based training, which is publicly accessible
and free of charge [63]. For quality assurance, interrater
reliability (IRR) between the 2 raters was calculated. Rater
agreement was examined by intraclass correlation (ICC) based
on a 2-way mixed-effect model. A minimum ICC of .75 was
predefined as sufficient ICC [64]. An additional reviewer was
consulted when the IRR was below a value of .75 [48,64].

Evaluation Tool MARS-G
The evaluation tool MARS-G is a reliable and valid procedure
for the quality assessment of mHealth apps [48,52]. The
MARS-G has a very good internal consistency for overall score
(ω=.82, 95% CI 0.76-0.86) and high levels of IRR (2-way mixed
ICC=.84, 95% CI 0.82-0.85) [48].

General Characteristics
For examining app characteristics, the classification page of the
MARS-G was used. It contains (1) the app name; (2) app
version; (3) platform; (4) content-related subcategory; (5) store
link; (6) price; (7) user star rating; (8) the number of user star
ratings; (9) theoretical background (eg, type of therapy); (10)
aims; (11) methods (eg, information/education, monitoring and
tracking, gamification, and reminder); (12) technical aspects
(eg, allows sharing); (13) data protection and safety (eg,
password protection); (14) field of application; and (15)
certification [48,50]. The classification site of MARS-G was
used to assess the content and functions of the included mHealth
apps [50,59]. With the MARS-G, a descriptive assessment of
privacy and security features is possible. All features were
assessed based on the information included in the mHealth apps
or app stores. External information was not evaluated.

Quality Assessment
The multidimensional quality rating of the MARS-G consists
of 6 different subdimensions with 19 items, which can be
evaluated on a 5-point Likert scale (1=inadequate, 2=poor,
3=acceptable, 4=good, and 5=excellent): (1) engagement
(entertainment, interest, individual adaptability, interactivity,
and target group); (2) functionality (performance, usability,
navigation, motor, and gestural design); (3) aesthetics (layout,
graphics, and visual appeal); and (4) information (accuracy of
app description, goals, quality and quantity of information,
quality of visual information, credibility, and evidence base);
(5) subjective quality (recommendable, probability of using the
app in the next 12 months, payment, and star rating); and (6)
perceived impact (increased awareness, increased knowledge,
attitudes, fosters intention to change, empowers help-seeking
behavior, and fosters behavior change) [48,50]. For the
assessment of the overall quality, the total score was calculated
from the 4 main subdimensions (engagement, functionality,
aesthetics, and information) [50]. The ratings of the reviewers
were averaged for all calculations. Mean scores and SDs were
calculated for the MARS overall score and subdimensions.

Quality Rating on Evidence
To verify whether empirical studies were available for the
mHealth apps, item 19 on the information subscale of the MARS
was used. This item was examined by searching the mHealth
apps’ name in Google, Google Scholar, PubMed, and the
developers or providers’ website for existing efficacy and
effectiveness studies [48].

User Star Rating
The user star ratings were extracted from the app stores. The
user star rating from Google Play and Apple App stores is rated
on a scale of 1 to 5 stars. It is presented as a cumulative average
of individual ratings in the app stores [65]. Pearson correlation
coefficient between user star ratings and MARS-G ratings were
calculated. For all analysis, an α level of 5% was defined [66].

Results

The web crawler identified 658 mHealth apps, of which 109
were eligible for inclusion after screening and eligibility check
(Figure 1).
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Figure 1. Flowchart of the inclusion process of mobile health apps (MHA).

General Characteristics
Of the 109 mHealth apps, 79 (72.5%) were from the Google
Play store, and 30 (27.5%) were from the Apple App store; 53
(48.6%) had a user star rating, whereas 56 (51.4%) were not
rated by store users. The mean user star rating was 3.96 (SD
0.80), ranging from 2.00 to 5.00.

Most apps (n=93, 85.3%) were free of charge, and the prices
of fee-based mHealth apps ranged from €0.69 to €8.99 (mean
€4.0, SD €2.25; from US $0.84 to US $10.91; mean US $4.86,
SD US $2.73). The 109 mHealth apps for gastrointestinal
disorders were identified in the following Google Play or Apple
App store categories (multiple categories can be assigned to 1
mHealth app): “health and fitness” (n=76, 69.7%); “medical”

(n=33, 30.3%); “food and drinks” (n=11, 10.1%); “lifestyle”
(n=3, 2.8%); “books and references” (n=2, 1.8%); “education”
(n=2, 1.8%); “entertainment” (n=3, 2.8%); and “parenting”
(n=1, (0.9%; Table 1).

The included mHealth apps targeted the following aims
(multiple aims may be selected for 1 mHealth app):
“improvement of general well-being” (n=92, 84.4%);
“promotion of physical health” (n=86, 78.9%); “entertainment”
(n=3, 2.8%); “support for behavioral changes” (n=33, 30.3%);
“support in achieving individual goals” (n=27, 24.8%),
“reduction of stress” (n=7, 6.4%); “reduction of fear” (n=4,
3.7%), “improvement of social behavior” (n=2, 1.8%); and
“other aims” (n=16, 14.7%)—for example, “information” (n=3,
2.8%) or “education” (n=2, 1.8%; Table 2).

Table 1. Frequency of the app store categories of the mobile health apps for gastrointestinal disorders (multiple selection possible).

App (N=109), n (%)App store category

1 (0.9)Parenting

33 (30.3)Medical

3 (2.8)Lifestyle

76 (69.7)Health and fitness

11 (10.1)Food and drinks

3 (2.8)Entertainment

2 (1.8)Education

2 (1.8)Books and references
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Table 2. Frequency of the aims of the mobile health apps for gastrointestinal disorders (multiple selection possible).

App (N=109), n (%)Aim

92 (84.4)Improvement of general well-being

86 (78.9)Promotion of physical health

3 (2.8)Entertainment

33 (30.3)Support for behavioral changes

27 (24.8)Support in achieving individual goals

7 (6.4)Reduction of stress

4 (3.7)Reduction of fear

2 (1.8)Improvement of social behavior

16 (14.7)Other aims

Content and Functions
Of the 109 mHealth apps, almost all (n=91, 83.5%) focused on
educational information about gastrointestinal diseases; over
half (n=71, 65.1%) offered specific “tips and advice”; and the
following methods were also frequent: “monitoring and
tracking” (n=22, 20.2%), “alternative medical intervention
elements” (n=18, 16.5%), “data collection and measurement”

(n=13, 11.9%), feedback (n=13, 11.9%), and “memory,
reminder, and amplifier” (n=7, 6.4%). The frequency of the
methods used is summarized in Table 3.

Almost all mHealth apps (n=101, 92.7%) had “treatment” as
their field of application. Other frequent fields were “prevention
of disease” (n=73, 67%), “rehabilitation” (n=51, 46.8%), and
“aftercare” (n=45, 41.3%).

Table 3. Frequency of methods in the included mobile health apps for gastrointestinal disorders (multiple selection possible).

App (N=109), n (%)Method

91 (83.5)Information and education

71 (65.1)Tips and advice

22 (20.2)Monitoring and tracking

18 (16.5)Alternative intervention elements

13 (11.9)Data collection and measurement

13 (11.9)Feedback

7 (6.4)Memory, reminder, and amplifier

5 (4.6)Pursuing own goals

4 (3.7)Traditional medicine

2 (1.8)Strategies, skills, and training

2 (1.8)Relaxing exercises

2 (1.8)Gamification

2 (1.8)Tailored interventions and real-time feedback

1 (0.9)Other

1 (0.9)Physical exercises

1 (0.9)Mindfulness and gratefulness

1 (0.9)Acceptance

Privacy and Security Features
Of the 109 mHealth apps, 9 (8.2%) had no privacy and security
features; 69 (63.3%) had an imprint, and 54 (49.5%) had a
visible privacy policy; 16 (14.7%) required consent to data
collection in an active form, and 54 (49.5%) in a passive form;
and 11 (10.1%) ensured the security of data transfer, 11 (10.1%)
required a log-in, 13 (11.9%) offered a password protection

system, 7 (6.4%) informed about the conflicts of interests or
financial background, and 1 (0.9%) had an emergency function.

Quality Rating
The overall quality of mobile health apps was average (mean
2.90, SD 0.52; ranging from 1.84 to 4.47). The top 10 ranked
mHealth apps with the highest overall quality are listed in Tables
4 and 5. Concordance between raters was good to excellent
(ICC from 0.76, 95%CI 0.70-0.81 to 0.93, 95% CI 0.92-0.94).
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The average quality ratings of all included mHealth apps of the
MARS subscales were the following: engagement, 2.47 (SD
0.74; range 1.10-5.00); functionality, 4.08 (SD 0.57; range
2.25-5.00); aesthetics, 3.19 (SD 0.76; range 1.17-4.83); and

information quality, 1.89 (SD 0.66; range 0.57-3.79). The
subjective quality was 2.16 (SD 0.79; range 1.00-4.50) and the
perceived impact was 2.33 (SD 0.63; range 1.15-4.08; Table
6).

Table 4. Top 10 ranked mobile health apps according to Mobile Application Rating Scale overall quality, target, developer, and category.

CategorybDeveloperTargetaRating, meanApp

MedicalTakeda Pharma Vertriebs GMbH & Co.
KG

Digestive problems4.47vyoapp - Die CED-App

Health and fitness@Point of careUlcerative colitis4.18My IBD Manager from AGA

Health and fitnessmyColitisUlcerative colitis4.05MyColitis

Medicine and health
and fitness

Ampersand health limitedInflammatory bowel disease3.86My IBD Care

MedicalCN4CE, IncInflammatory bowel disease3.85Cliexa-IBD

Health and fitnessAppstronaut StudiosDigestive problems3.82Poop Tracker – Toilet Login

Medical and health and
fitness

The North American Society for Pedi-
atric Gastroenterology, Hepatology and
Nutrition and Gotomo GmbH

Inflammatory bowel disease3.71Doc4Me – IBD Doctor Search

Health and fitness and
food and drink

Goe GmbHCeliac disease3.71Food Navi – Coeliac

Health and fitness and
food and drink

Baliza GmbHFood intolerance3.69Histamin, Fructose & Co.

Health and fitnessGotomo GmbHDigestive problems3.68Reflux Tracker

aTarget disease or search term.
bCategory in the Apple App or Google Play store.

Table 5. Privacy policy, informed consent, certification, and price of the top 10 ranked mobile health apps.

Price, € (US $)CertificationcInformed consentbPrivacy policyaApp

0 (0)NoNoYesvyoapp - Die CED-App

0 (0)American Gastroenterological AssociationYesYesMy IBD Manager from AGA

0 (0)NoNoYesMyColitis

0 (0)NoYesYesMy IBD Care

0 (0)NoYesYesCliexa-IBD

0 (0)NoNoYesPoop Tracker – Toilet Login

0 (0)NoYesYesDoc4Me – IBD Doctor Search

3.49 (4.24)NoNoNoFood Navi – Coeliac

5.99 (7.27)NoNoYesHistamin, Fructose & Co.

0 (0)NoNoNoReflux Tracker

aMobile health app had a privacy policy that could be accessed.
bInformed consent was actively obtained.
cMobile health app was certified or developed under professional surveillance.
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Table 6. Subjective quality rating and the rating of perceived impact on user according to the Mobile Application Rating Scale.

Rating, mean (SD)Variable

2.35 (0.84)Subjective quality rating

2.17 (0.94)Recommendable

2.53 (1.06)Probability of using the app in the next 12 months

1.31 (0.58)Payment

2.63 (0.89)Star rating

2.31 (0.64)Perceived impact

2.46 (0.90)Increased awareness

2.60 (1.00)Increased knowledge

2.14 (0.65)Attitudes

2.10 (0.83)Fosters intention to change

2.22 (1.17)Empowers help-seeking behavior

2.49 (0.83)Fosters behavior change

Quality Rating on Evidence
Only 2 (1.8%) of the 109 mHealth apps were certified and
developed in concordance with guidelines published by the
American Gastroenterological Association. None of the mHealth
apps had an evidence base.

Correlation Patterns
The user star rating did not correlate with the MARS overall
score or the individual subdimensions (overall: r=–0.03; P=.86;
engagement: r=–0.11; P=.46; functionality: r=–0.17; P=.23;
aesthetics: r=0.15; P=.28; information: r=0.02; P=.87; subjective
quality: r=0.07; P=.61; perceived impact: r=–0.12; P=.39).

Discussion

Principal Findings
This study is the first that comprehensively and systematically
reviewed mHealth apps for different gastrointestinal disorders
available in the Google Play and Apple App stores [39]. The
quality of the mHealth apps was investigated by standardized
expert ratings using the MARS-G [48]. In total, 109 mHealth
apps with a focus on gastrointestinal disorders were included.
Therefore, this analysis offers the first comprehensive systematic
expert review of mHealth apps in the field of gastroenterology.

The majority of the mHealth apps were found in the categories
“health and fitness” and “medical.” The average quality of the
included apps was moderate, according to the applied quality
criteria. Only 2 mHealth apps were certified and developed in
concordance with approved guidelines such as those from the
American Gastroenterological Association. This fact is alarming
because the concordance of a mHealth app with approved
guidelines is crucial to prevent mistreatment and misinformation.
A similar lack of adherence to well-established medical
guidelines was found in mHealth app quality reviews for
depression and posttraumatic stress disorder [57,62]. Moreover,
our data show that user star ratings did not correlate with the
experts’ MARS ratings. However, this finding is in accordance
with a previous study on mHealth apps for posttraumatic stress

disorder and in contradiction to a systematic review of mHealth
apps for mindfulness [59,67]. These findings underline the need
for systematic reviews to empower patients and health care
providers in informed health care decisions. Freely available
platforms, which display expert quality ratings of mHealth apps
such as the MHAD [61], Psyberguide [68], or KVAppradar
[69], have been installed as a possible solution to empower
patients and health care providers. In addition to these platforms
that offer an evaluation of available mHealth apps based on the
general criteria of scientific evidence, professional
gastroenterological societies should participate in the
development and assessment of mHealth apps in consideration
of established guidelines. Regarding the rapid progress in the
methods of disease monitoring and therapy of gastrointestinal
disorders, suitable apps should be constantly updated for
adequate support. In particular, for long-term gastrointestinal
disorders, such as IBD, which are characterized by an unstable
disease course with recurrent remission and exacerbation,
mHealth apps could be a promising approach for symptom
monitoring with an early detection of disease relapse. As
previous studies have shown that self-reporting symptom diaries
correlate with disease activity index for Crohn disease [70,71],
validated symptom assessment questionnaires could be
implemented in future mHealth apps.

From the patients and health care providers’ perspectives,
mHealth interventions could demonstrate a great potential to
facilitate the monitoring of symptoms, improve
self-management–related physical or psychosocial
consequences, and maintain compliance [72-77]. Rapid
advancement in mobile technology may enable real-time data
capture and exchange between patient self-monitoring devices
and a remote monitoring system, which creates promising
opportunities to provide prompt feedback to patient-generated
alerts and specific needs [38].

Besides the lack of mHealth apps for adequate symptom
monitoring, our results showed that none of the evaluated apps
were designed to evaluate adverse drug reactions that occur
during disease therapy. Giraud et al [78] have demonstrated that
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40.9% (N=1179) of patients with IBD that participated in the
IBDREAM registry had at least 1 adverse drug reaction, and
24 new adverse drug reactions were found based on their
analysis. These findings suggest that the evaluation of adverse
events during maintenance therapy in IBD and possibly other
gastrointestinal diseases should be monitored closely to timely
change or adapt drug dose or substance choice for
individual-tailored therapy. The use of mHealth apps for the
monitoring of adverse drug reactions, especially during the start
of a new therapeutical agent, could be a new field for the
implementation of mHealth apps in clinical practice. The clinical
monitoring of disease activity and drug compatibility could be
further enhanced by wearable devices that track physical
parameters and by noninvasive biomarker monitoring (eg,
c-reactive protein or interleukin-1 for IBD from sweat [79]). In
their comprehensive review, Chong and Woo [80] have
demonstrated that approaches for the implementation of
wearable sensor systems for gastrointestinal disease already
exist and could change clinical practice in the near future [80].

Furthermore, the results highlight the need for a comprehensive
evaluation of clinical effectiveness and economic effects. In
particular, the long-term effects and cost-effectiveness of
mHealth apps to manage gastrointestinal diseases should be
elaborated in future studies [38]. Currently, studies that have
evaluated the cost-effectiveness of telemedicine-directed
treatment and monitoring of IBD show a reduction of
hospitalization and therapy costs [81] but remain controversial
regarding the total cost-effectiveness of telemedical
interventions [82]. Since the use of biologicals has been
identified as the major cost driver for IBD [83], mHealth apps
could help to early de-escalate and optimize biological treatment
after constant disease remission and enhance conventional
therapy admission to prevent unnecessary therapy escalation to
expensive biologicals. To date (2022), in Germany, a central
register for Conformité Européenne–certified eHealth apps with
scientifically proven benefit for patients has been established.
Apps that are listed in the national digitale
Gesundheitsanwendungen (digital health care app in German)
register are prescriptible by health care professionals. The costs
could be reimbursed by the patient’s health insurance companies,
which might be a step toward the implementation of trustworthy,
certified apps into daily health care.

Additionally, the review revealed that data security is not always
guaranteed when using mHealth apps. As health data are highly
sensitive, this lack of guarantee is one reason why the use of
mHealth apps in the management of gastrointestinal diseases
cannot be clearly recommended currently. We found that the
security of data transfer was only ensured in 14% of the mHealth
apps. As patient safety is paramount, data security is a keystone
for adopting mobile technologies into health care. In this field,
respect for privacy, security, the disclosure of data sharing,
traceability, and the guarantee of transparency are essential
factors. These factors are in line with other reviews of the data
security and privacy of mHealth apps for smoking cessation,
depression, and older adults [40,41,46].

When using and implementing mHealth technologies into health
care systems, it will be important to know how these

technologies will fit within the existing organizational
framework, which may involve changes in business structure
and culture, workflow, and staff. In this context, the primarily
legal aspects of mHealth app use play a substantial role. National
regulations for mHealth approaches such as the act on medical
devices—the Medical Devices Directive—for the European
Union or the Food and Drug Administration regulation body
for the United States exist. The harmonization of the regulation
instruments is crucial for the sufficient uptake of mHealth
solutions worldwide. Such worldwide standards for the safe use
of mHealth apps in gastroenterology should include (1) being
based on current standards and medical guidelines, (2)
randomized controlled trial testing for effectiveness, (3) high
standards for data security, and (4) minimal and economic data
recording.

We acknowledge several limitations regarding this review. First,
due to the rapid growth and dynamic changes in mHealth apps
available on the global market, this study can only represent a
snapshot view of the available mHealth apps as of July 2021
for the management of gastrointestinal disorders. The continuous
monitoring of the market is mandatory to reliably inform users
and health care providers. Second, the main focus was on
English- and German-language medical mHealth apps, which
might have impaired the generalizability of the results, as the
quality of mHealth apps may vary between countries and
continents. Third, the review included all types of
gastrointestinal disorders with a focus on inflammatory and
nutritive bowel diseases. An even more precise analysis of
mHealth apps addressing the multiple subspecialties of
gastrointestinal disorders could be promising. Furthermore, the
analysis of mHealth apps for hepatobiliary disease and
gastrointestinal cancer (eg, mHealth apps for the patient-related
surveillance of adverse events due to chemotherapy) should be
evaluated specifically in further studies. Fourth, the user star
ratings in the app stores may refer to various versions of an
mHealth app and are aggregated across the different versions.
Therefore, the MARS rating and the user star rating could refer
to different versions.

Conclusion
This systematic review of mHealth apps that manage
gastrointestinal diseases found a moderate overall quality of
mHealth apps available in app stores. The quality of user
engagement and information quality was rated as poor, thus
limiting the possible positive effects of mHealth app use to
manage gastrointestinal diseases. Furthermore, data safety and
privacy were mostly not given. Moreover, there were no efficacy
studies on the included mHealth apps, and only 2 mHealth apps
were following well-established guidelines for the treatment of
gastrointestinal diseases. Taken together, these findings
implicate a red flag of the use of currently available mHealth
apps for the management of gastrointestinal diseases.
Nevertheless, given the possible positive impact of mHealth
apps in the routine care of individuals with gastrointestinal
diseases, an improvement in the quality of medical content for
mHealth apps and data safety is mandatory.
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Abstract

Background: Artificial intelligence (AI) is often heralded as a potential disruptor that will transform the practice of medicine.
The amount of data collected and available in health care, coupled with advances in computational power, has contributed to
advances in AI and an exponential growth of publications. However, the development of AI applications does not guarantee their
adoption into routine practice. There is a risk that despite the resources invested, benefits for patients, staff, and society will not
be realized if AI implementation is not better understood.

Objective: The aim of this study was to explore how the implementation of AI in health care practice has been described and
researched in the literature by answering 3 questions: What are the characteristics of research on implementation of AI in practice?
What types and applications of AI systems are described? What characteristics of the implementation process for AI systems are
discernible?

Methods: A scoping review was conducted of MEDLINE (PubMed), Scopus, Web of Science, CINAHL, and PsycINFO
databases to identify empirical studies of AI implementation in health care since 2011, in addition to snowball sampling of selected
reference lists. Using Rayyan software, we screened titles and abstracts and selected full-text articles. Data from the included
articles were charted and summarized.

Results: Of the 9218 records retrieved, 45 (0.49%) articles were included. The articles cover diverse clinical settings and
disciplines; most (32/45, 71%) were published recently, were from high-income countries (33/45, 73%), and were intended for
care providers (25/45, 56%). AI systems are predominantly intended for clinical care, particularly clinical care pertaining to
patient-provider encounters. More than half (24/45, 53%) possess no action autonomy but rather support human decision-making.
The focus of most research was on establishing the effectiveness of interventions (16/45, 35%) or related to technical and
computational aspects of AI systems (11/45, 24%). Focus on the specifics of implementation processes does not yet seem to be
a priority in research, and the use of frameworks to guide implementation is rare.

Conclusions: Our current empirical knowledge derives from implementations of AI systems with low action autonomy and
approaches common to implementations of other types of information systems. To develop a specific and empirically based
implementation framework, further research is needed on the more disruptive types of AI systems being implemented in routine
care and on aspects unique to AI implementation in health care, such as building trust, addressing transparency issues, developing
explainable and interpretable solutions, and addressing ethical concerns around privacy and data protection.

(J Med Internet Res 2022;24(10):e40238)   doi:10.2196/40238
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Introduction

Artificial intelligence (AI) is often heralded as a potential
disruptor that will transform the practice of medicine [1,2]. The
promise of AI lies in its ability to process and learn from large
volumes of data and capture patterns otherwise difficult for
humans to identify. This ability has raised questions and worries
about liability and risks, in particular related to the level of
autonomy granted to AI applications [3]. Others see a role
complementary to humans; for example, decision support or
decision augmentation where humans (in the roles of clinicians
or programmers) provide oversight and collaborate [4-7]. The
latter approach has been demonstrated to yield superior
performance compared with experts alone [8]. Other benefits
include improved patient outcomes, error reduction, health
system optimization, cost reductions, and increased value [6].

The amount of data collected and available in health care,
coupled with advances in computational power, has contributed
to advances in AI applications [9] and an exponential growth
of publications on AI in health care, with >10,000 records on
PubMed in 2021 alone. Included in this are multiple reviews
across medical specialties that explore the potential roles of AI
to augment health care delivery [10-14]. These include
diagnostic (eg, early cancer diagnosis, diabetes retinopathy
screening, or COVID-19 diagnosis based on computed
tomography images), therapeutic (eg, precision medicine in
chemotherapy and for combination drug therapy), and regulatory
or administrative applications (eg, coding of records or economic
evaluations), as well as for population health management (eg,
public health surveillance or predictive epidemiological
modeling) [15-21].

However, the development of AI applications does not guarantee
their adoption into routine health care practice. Research has
identified a number of factors influencing adoption of
innovations. These include context (eg, economic and political
context, laws and regulations, and sociocultural factors),
organization (eg, organizational structure, resources, and
processes), group (eg, professional values and cultures),
individual (eg, attitudes, motivation, user satisfaction, and trust),
and technology (eg, usability, design, accuracy, and

explainability) [22,23]. This suggests a need to know more
about how AI can be implemented in health care, not only as
an innovation but also with respect to its unique potential and
associated concerns.

Previous reviews have tended to focus only on some aspects of
the process of implementation of AI in health care; for example,
regulation and legal issues [24,25], trust and ethics [24-29],
clinical and patient outcomes [30-32], and economic impact
[33]. Others have focused their studies on specific AI
applications for health care, such as predictive medicine,
diagnostics, and clinical decision-making [9,30,34,35]. A few
reviews have been more overarching, focusing on coproduction
processes [36], implementation frameworks [37], and critical
implementation barriers or success factors [38] that could inform
the development of relevant implementation strategies of AI
technology. Generally, it is argued that the implementation of
AI in health care could significantly improve patient and health
care outcomes, but none of these reviews have actually explored
the knowledge base of real-world implementation in everyday
clinical practice.

Given the resources invested in developing AI applications and
the risk of reproducing already investigated aspects of effective
AI applications to support, augment, and perhaps even transform
health care for patients, staff, and society, we sought to explore
how the implementation of AI in health care practice has been
empirically investigated in the research literature.

Methods

Study Design
We chose a scoping review methodology in line with the Arksey
and O’Malley framework [39] and reported according to the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
checklist (Figure 1) [40]. A previous review suggested that
implementation of AI in health care was not well studied [37].
A scoping review would thus enable a mapping of the “extent,
range and nature of research activity” in this emerging area of
research [39].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. AI: artificial intelligence.

Identifying the Research Question
To address our aim, we formulated three research questions:

1. What are the characteristics of research on implementation
of AI in practice?

2. What types and applications of AI systems are described?
3. What characteristics of the implementation process for AI

systems are discernible?

Identifying Relevant Studies
We focused our search, with support from a university librarian,
by iteratively testing synonyms for 3 concepts: artificial
intelligence, health care, and implementation (Textbox 1). For
the purposes of clarity, we differentiated between AI algorithms
and models (the actual code), AI applications (the innovation
package), and AI systems (the application in its context) and

used standardized Medical Subject Headings terms and subject
headings describing AI and its subcategories provided by the
databases used for our searches [41]. Implementation was
defined as “An intentional effort designed to change or adapt
or uptake interventions into routines,” based on a review of
frameworks for the translation of AI into health care practice
[37]. Synonyms were joined by the Boolean operator OR; next,
we combined the search strings for each concept with the
Boolean operator AND (Multimedia Appendix 1).

To cover content in both general and health- and health
care–specific sources, 5 electronic databases were searched:
MEDLINE (PubMed), Scopus, Web of Science, CINAHL, and
PsycINFO. In addition, we used snowball sampling by manually
reviewing reference lists of the review articles we had identified
during the screening that might contain relevant references given
the topic of the review.
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Textbox 1. Concept areas and synonyms used to develop the search strategy.

Search concepts, combined using “AND”

• Artificial Intelligence

• Healthcare

• Implementation

Search terms, combined using “OR”

• Artificial intelligence, Neural networks, Deep learning, Machine learning

• Delivery of healthcare, Health care, Healthcare

• Implementation, Improvement, Innovation, Intervention

Eligibility Criteria
We included peer-reviewed empirical studies published in
English between December 2011 and February 2022 because

preliminary searches suggested that AI applications in health
care are a more recent phenomenon (Table 1).

Table 1. Eligibility criteria and their rationale.

RationaleEligibility criteria and variable

Inclusion criteria

Greater credibility because the papers have been reviewed by peer experts
in the field

Peer reviewed

Empirical studies improve the ability to answer the research questions
compared with conceptual commentaries or viewpoints

Empirical study design

Given the rapid pace of development of technology and changing data
sets, solutions developed before the last decade are likely to be obsolete

Published between December 2011 and February 2022

Practical consideration, given the investigators’ language proficiencyEnglish language

Exclusion criteria

Empirical studies improve the ability to answer the research questions
compared with conceptual commentaries or viewpoints

Nonempirical designs, including editorials, commentaries, opinion
articles, and reports

As the aim was to explore implementation in practice, studies that stop
short of that, for example, proof-of-concept, validity, or feasibility studies,
should be excluded

Proof-of-concept, feasibility, or validation studies not related to im-
plementation of artificial intelligence technologies

Study Selection
All identified records were imported into the open-access
software Rayyan. Duplicates were removed, and the titles and
abstracts of the remaining records were screened for eligibility
by at least one of the authors. Any uncertainty or conflict was
discussed at regular check-ins until consensus was reached
among all authors. These discussions were informed by the
multidisciplinary backgrounds of the authors. We also
continually reviewed our interpretations of the screening criteria,
and when questions were raised, we backtracked to ensure that
the criteria had been applied correctly and in a universal fashion,
independent of who had screened the records. We used the AI
screening and highlighting function of Rayyan, but we still
screened each record. We also erred on the side of inclusion.
Full-text articles were then screened independently by at least
two researchers. Conflicts and uncertainty were again resolved
through discussion until consensus was reached among all
researchers. As we followed the original framework, a quality
appraisal of the included studies was not conducted.

Charting the Data
We developed a data extraction template to chart data for each
of the research questions. To define these conceptual areas, we
adopted the World Health Organization’s guidance on ethics
and governance of AI for health definition of AI (based on a
recommendation of the Council on Artificial Intelligence of the
Organisation for Economic Co-operation and Development
states) [42,43]: “An AI system is a machine-based system that
can, for a given set of human-defined objectives, make
predictions, recommendations, or decisions influencing real or
virtual environments. AI systems are designed to operate with
varying levels of autonomy” [42].

The following data were extracted:

1. General information: authors, publication year, country,
clinical setting, study aim, and study design

2. Types and applications of AI: AI technology used, type of
AI model, type of task performed by AI, level of action
autonomy, intended use of AI, and intended user of AI
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3. Implementation process: research focus, motives for
implementation, elements in the implementation process,
and frameworks used

Collating, Summarizing, and Reporting the Results
The extracted data relating to research questions 1 and 2 were
mapped and summarized. A qualitative thematic analysis [44]
was used to analyze data associated with research question 3 to
summarize the motives for implementation and elements in the
implementation process. Articles were read and reread, with
initial ideas sorted into either the domain Motives behind the
implementation or Elements in the implementation process.
Next, initial codes were identified in each article. The codes
were compared based on similarities and differences and collated
into potential themes, which were then compared to generate a
thematic map that was used to generate clear definitions and
names for each theme in the respective domains. Coding and
data analysis were performed in pairs, and any uncertainties
were discussed among all authors until consensus was achieved.

Results

Search Results
We identified 9218 records, of which 9179 (99.58%) were
identified through database searches and 39 (0.04%) through a
snowball search of reference lists in the review articles (n=36).
Of the 9218 records, after removal of duplicates, 5666 (61.47%)
records remained, and we screened titles and abstracts. In this

screening, 98% (5553/5666) of the records were excluded, and
the remaining 2% (113/5666) were assessed for eligibility
through full-text review. Of these 113 articles, 68 (60.2%) were
excluded for reasons highlighted in Figure 1, and 45 (39.8%)
were included in the scoping review.

Research Question 1: Study Characteristics
The reviewed body of literature was fairly recent, with the
majority of the studies (32/45, 71%) having been published
between 2020 and 2022 [45-76]. Most (33/45, 73%) of the
articles were from North America and Europe [46,47,
49-55,57,58,61-63,67-70,73-87], of which most (18/33, 55%)
were from the United States [46,47,49-52,54,68,73-77,
79-81,84,87]. The greatest number of AI systems were
implemented either in hospital-wide settings (6/45, 13%)
[50,55,56,65,74,80] or in radiology (6/45, 13%)
[53,56,66,68,73,76]. Most (27/45, 60%) of the studies were
authored by a multidisciplinary team [46,47,50-55,58,
59,61,62,64,67,69,70,72,74,75,78-80,82,86-89], with clinical
and IT or informatics backgrounds being the most common
combination (9/27, 33%) [47,50,55,61,70,74,79,87,89]. Among
studies with authors from only 1 domain, the most common
background was clinical (8/45, 18%) [63,65,66,68,71,73,76,84].
There was a wide range of study designs. Most (24/45, 53%)
used a case-study design, including both single-case
[46,49,50,52,53,55-57,59,60,66-68,70,74,75,78-83,85,86] or
multiple comparative case designs [53,56,78] (Table 2 and
Multimedia Appendix 2).

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40238 | p.24https://www.jmir.org/2022/10/e40238
(page number not for citation purposes)

Sharma et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Overview of articles included in the scoping review (N=45).

Study designStudy aimAuthor, year, country; clinical setting

Case studyDescribe Child Health Improvement through Computer Automation system and
methods to represent pediatric guidelines using Arden syntax

Anand et al [79], 2018, United States;
pediatrics

Case studyConduct a detailed analysis of barriers to use of machine learning model in health
care

Baxter et al [50], 2020, United States;
hospital-wide implementation

Pre-post studyEvaluate the effects of a data-driven clinical productivity system that leverages
electronic health record data to provide productivity decision support functional-
ity in a real-world clinical setting

Bennet [77], 2011, United States;
mental health

Qualitative studyIlluminate barriers and facilitators to use of intensive insulin therapy CDSSaChampion et al [87], 2011, United
States; intensive care

Case studyEvaluate the implementation of an AIb-powered translation system in radiologyChonde et al [68], 2021, United
States; radiology

Interrupted time seriesDetermine if a VTEc stewardship program can increase risk-appropriate VTE
prophylaxis and VTE risk assessment using CDSS

Chong et al [65], 2021, Australia;
hospital-wide implementation

Case studyDescribe a real-time CDSS and its effect on adherence to clinical pathwaysCruz et al [85], 2019, Spain; primary
care

Case studyExplore how an AI-enhanced medical drone application in Ghana’s health care
supply chain improves the health care supply chain system

Damoah et al [60], 2021, Ghana;
management

Case studyDetermine the impact of a machine learning algorithm, meant to mark CTd head
examinations pending interpretation as higher probability for intracranial hemor-
rhage

Davis et al [73], 2020, United States;
radiology

Case studyPresent a decision support system for operating room scheduling at a university
hospital in Seville, Spain

Dios et al [83], 2015, Spain; surgery

Quantitative studyAssess the user satisfaction of a virtual caregiver designed to monitor the health
of patients admitted to hospital for COVID-19 infection for a period of 30 days
after discharge

García Bermúdez et al [69], 2021,
Spain; internal medicine service

Case studyPresent the nurses’ experience with technological tools to support the early iden-
tification of sepsis

Goncalves et al [59], 2020, Brazil;
nursing

Qualitative study with key
informant interviews

Assess the impact of an AI-based application on rifampicin-resistant tuberculosis
screening

Herman et al [64], 2021, Indonesia;
public health

Retrospective observation-
al study

Describe the impact of a new risk-management cognitive robot related to the
processes of identification and care for patients at sepsis risk in a clinical-surgical
unit

Kalil et al [88], 2018, Brazil; surgery

Qualitative study with key
informant interviews

Identify the different computational and organizational setups that early-adopter
health systems have used to integrate an AI-based CDSS into clinical workflows

Kashyap et al [47], 2021, United
States; not specified

Interrupted time seriesAssess the impact of using automatic video auditing in the quality and quantity
of hand-wash events

Lacey et al [61], 2020, United King-
dom; surgery

Case studyDescribe the implementation of a digitally automated prehospital triage solution
to direct patients to appropriate care

Lai et al [52], 2020, United States;
public health

Mixed methodsDescribe use of a CDSS on antibiotic prescribing for acute respiratory infections
in primary care, as well as facilitators and barriers to adoption

Litvin et al [84], 2012, United States;
primary care

Cross-sectional studyCharacterize the diverse use cases of COVID-19–related conversational agents
built using the IBM Watson Assistant platform

McKillop et al [48], 2021, multiple
regions; public health

Quantitative surveyValidate and implement the AI system and quantify referral patterns to the or-
thodontist specialist before and after implementation of the system

Mohamed et al [71], 2021, United
Arab Emirates; dentistry

Case studyDescribe the experiences and lessons learned during implementation of AI systemMoorman [49], 2021, United States;
inpatient care

Observational studyDescribe early implementation of a digital triage and monitoring service that in-
cluded the use of a chatbot using algorithmic decision-making

Morales et al [72], 2021, Brazil;
emergency care

Analysis of existing data
set

Develop a predictive model for risk stratification for enrollment into a nationwide
transitional care program

Ng et al [45], 2021, Singapore; gener-
al care
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Study designStudy aimAuthor, year, country; clinical setting

Quasi-experimental studyAssess (1) whether the introduction of an algorithm for the detection of intracere-
bral hemorrhage at noncontrast CT affects turnaround times and (2) whether the
impact on turnaround time was dependent on the manner in which information
was presented in the radiologist workflow

O’Neil et al [76], 2021, United States;
radiology

Case studyAnalyze the implementation of an AI-based decision support system in an emer-
gency department focusing on actors’ representations of the system

Petitgand et al [67], 2020, Canada;
emergency department

Case studyDiscuss optimization approaches for logistics services in hospitalsRais et al [82], 2018, Portugal; man-
agement

Case studyDescribe the development, implementation, and evaluation of a model-based de-
cision support system to determine daily scheduling of anesthesiologists and
rooms for elective surgeries

Rath et al [81], 2017, United States;
surgery

Case studyDescribe a failed AI project at a large hospital and identify the root causes that
led to failure

Reis et al [55], 2020, Germany; hospi-
tal-wide implementation

Pre-post studyTo explore attitudes about AI among staff who used AI-based CDSSRomero-Brufau et al [51], 2020,
United States; primary care

Controlled studyReduce unplanned hospital readmissions using AI-based CDSSRomero-Brufau et al [54], 2020,
United States; general care units

Retrospective observation-
al study

Describe the role of a digital AI platform in facilitating the implementation of
changes in rehabilitation service during the COVID-19 pandemic

Saverino et al [62], 2021, Italy; reha-
bilitation

Case studyDiscuss the implementation of data analytics in AI-enabled mission control at
one of the largest health care service providers in Washington state

Schlicher et al [75], 2021, United
States; management

Case study describing 3
projects

Outline the technical and clinical aspects of 3 CDSSs integrated into practice at
Vienna General Hospital

Schuh et al [78], 2018, Austria; inten-
sive care, oncology, and nephrology

Case studyPresent research and development of a decision support system for the patients
of a laboratory service

Semenov et al [86], 2016, Russia;
laboratory

Case studyDescribe the steps taken to integrate Sepsis Watch, a sepsis detection and manage-
ment platform, into routine care delivery at Duke University Hospital in Durham,
North Carolina

Sendak et al [46], 2020, United
States; emergency department

Case studyDescribe the system implemented, workflow changes, and impact on vulnerable
citizens

Snowdon et al [74], 2020, United
States; interdisciplinary

Case study (multiple)Identify barriers and facilitators to the implementation of AI applications in clin-
ical radiology

Strohm et al [53], 2020, The Nether-
lands; radiology

Mixed methodsDescribe health workers’ acceptance and use of the CDSS for maternal care at
rural facilities in Ghana and Tanzania and identify factors affecting successful
adoption

Sukums et al [89], 2015, Ghana and
Tanzania; primary care

Mixed methodsStudy how social power among various stakeholders affects IT adoption in health
care

Sun [56], 2021, China; hospital-wide
implementation

Case studyPresent design and implementation of a software platform for supporting detection
as well as using and processing clinical, bio-chemical, imaging, and histopatho-
logic findings from fusion biopsy

Tamposis et al [70], 2022, Greece;
urology

Case studyDescribe the use of AI for automatic detection and flagging of CT findings not
reported by radiologists to improve patient safety

Tan et al [66], 2021, Singapore; radi-
ology

Pre-post studyEvaluate the clinical impact of an AI upgrade of an existing orthodontic mobile
coaching app

Thurso et al [58], 2021, Slovakia;
dentistry

Case studyPresent recommendations for developing natural language processing tool sets
based on the experience of developing clinical natural language processing at the
Mayo Clinic in Rochester, Minnesota

Wen et al [80], 2019, United States;
hospital-wide implementation

Case studyTheory formalization of grounded insights from a CDSS development case, and
by doing this create an organizational learning theoretical foundation for AI de-
velopment in organizations

Wijnhoven [57], 2021, The Nether-
lands; neonatal care
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Study designStudy aimAuthor, year, country; clinical setting

User feedback surveyCharacterize the impact of deep learning–based auto-segmented contour models
in the clinical workflow at 2 cancer centers

Wong et al [63], 2021, Canada; oncol-
ogy

aCDSS: clinical decision support system.
bAI: artificial intelligence.
cVTE: venous thromboembolism.
dCT: computed tomography.

Research Question 2: Types and Applications of AI
Technology
The most common type of AI application implemented was
automation or optimization technology, reported in 71% (32/45)
of the implemented systems [45,46,49-51,53-59,62,64,65,
70,71,73,75,77-79,81-84,86-89]. Other technologies
implemented included human language technologies, computer
vision, and robotics technology (Table 2 and Multimedia
Appendices 2 and 3). The most common AI model was a
symbolic or knowledge-based model, reported in nearly half
(22/45, 49%) of the reviewed studies [48,52-54,57,
59,68-74,77-80,84,85,88], followed by statistical models (9/45,
20%) [45,49-51,58,81,82]. The most commonly performed task
was recognition (16/45, 36%) [52,56,61,
63-66,72,73,76,78-80,84,85], followed by forecasting (9/45,
20%) [45,46,49-51,53,54,57,71]. Other tasks performed were
event detection, goal-driven optimization, interaction support,
and personalization (Table 2, Multimedia Appendices 2 and 3).
Although more than half (24/45, 53%) of the AI applications
had no action autonomy [46,48-51,53,54,57,
63,66,67,70,73-75,79,81-85,87-89], a few reported applications
had low (2/21, 10%) [55,72], medium (4/21, 19%) [58,69,71,86],
or high (6/21, 29%) [52,55,60,61,68,76] action autonomy (Table
2, Multimedia Appendices 2 and 3). Nearly three-quarters of
all AI systems were intended for clinical care (33/45, 73%)
[46,49,51,53-59,61,63-73,78-80,84-89], and the majority (18/33,
55%) of these concerned providing support to inform the
patient-provider encounter [46,49,51,55,56,61,63,
65,67,68,74,78,79,84,85,87,89], followed by diagnosis and
prediction-based diagnosis (13/33, 39%)
[53,55,57,59,64,66,70,71,73,78,80,86,88]. The remaining AI
systems (12/45, 27%) were intended for health systems
management and planning [45,50,52,60,62,74-77,81-83]. Health
care providers were the most common target users; most often
physicians (19/45, 42%) [46,49,51,53-55,57-64,66-68,
70,71,73,74,76,79,80,84,85,88,89], followed by nurses (6/45,
13%) [46,49,51,59,87,88]. Other intended users included health
workers, technicians, managers, patients or caregivers, and the
general public (Table 2 and Multimedia Appendix 2).

Research Question 3: Implementation Process
Characteristics
The research focus in approximately a third of the studies was
to present the effectiveness of the implemented intervention
(16/45, 36%) [54,58,60-62,65,66,71,73-75,77,81,82,85,88].
Other research foci included user experiences
[51,59,63,64,69,86], AI use metrics [48,52,80,84,89], and
identification of barriers or facilitators [50,53,55,57,67,87]
(Table 2, Multimedia Appendices 2 and 3). Most (32/45, 71%)

of the studies described the implementation process as
successful, and only a few (4/45, 9%) described it as
unsuccessful (in the rest of the studies, the success of the
implementation was either not mentioned, or the outcome was
inconclusive).

In a little more than half (23/45, 51%) of the reviewed studies,
the motives behind the implementation were not described. For
those studies that did (22/45, 49%), we identified 6 types of
motives, with Improve health care quality and Achieve better
patient outcomes being the 2 most common. Studies in the
former theme described AI systems used to improve quality of
services [46,71,75,87,88], reduce diagnostic errors [66], reduce
hospital length of stay [73], or reduce unplanned readmissions
[50,54], whereas studies in the latter theme described AI systems
used to achieve better patient survival [59,70]. Another theme,
Improve efficiency, focused on health care–cost reduction,
increased service production, and optimization of public services
[45,72,74,76,77]. Respond to the COVID-19 pandemic was
stated as a motive necessitated by the need for access to the
most up-to-date information [48], the sudden surge in demand
for health care services [52], prioritization of limited resources
[72], and reorganization of service delivery in response to local
guidelines for prevention of infection transmission [62]. Improve
provider satisfaction focused on workload reduction for health
care professionals [55,69]. Empower patients by using AI to
support interpretations of laboratory investigations, rather than
just the test results, was another motive for implementing AI
[86].

Of the 45 included studies, 3 (7%) had an explicit focus on
implementation processes [46,49,68]. In the other studies,
characteristics common to implementation processes were
identified: cocreation, contextualization, nondisruptive workflow
design, communication, learning focus, training, incentives,
and organizational strategies. Both barriers and facilitators were
described.

Several (8/45, 18%) implementation efforts involved cocreation
with multidisciplinary stakeholders, starting from an ideation
phase that included problem identification, requirement
collection, and design or redesign of clinical workflows to
facilitate AI-system integration [45,46,49,52,55,59,68,78].
Cocreation also involved end users in the design of user
interfaces [46,68]. Contextualization of AI systems relating to
the local context and target population was highlighted as
important in development and implementation [52,54].
Nondisruptive workflow design was emphasized, where efforts
were made to design AI systems around existing roles and
functions of the intended user to avoid radical modification of
current practice to fit the AI system [46,49,51]. Communication
efforts were seen as central to building trust and promoting use
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by sharing evidence of AI effectiveness with clinicians and
describing overall benefits of the technology [46,49,59],
appointing champions to promote AI among peers [46,53,75],
and encouraging informal communication between clinicians
and IT developers to cultivate relationships and build trust in
the AI [56]. However, the study by Sendak et al [46] encouraged
the separation of developers and clinicians and made conscious
efforts to shift focus away from the technical aspects of AI. A
learning focus could begin in the ideation phase to understand
and assess the problem to be addressed by AI before coding,
through development and implementation, by iteratively testing
and adjusting workflows [46]. After implementation, learning
continued through the continuous capture of user feedback to
enable improvement [68]. Training involved both informal and
formal sessions to enable AI use [56,89]. After implementation,
training could continue in formal peer-group meetings to share
best practices and individual training and support for more
reluctant users [84]. Incentives were used to promote or enforce
AI use. More controlling approaches included periodic
monitoring and audits [56,84] or removing alternative ways of
performing the task altogether to necessitate AI use [84].
Gamification was used to promote a feeling of reward and
competition [61,65]. Organizational efforts involved including
the hospital’s top leadership as essential members of the project
team and the design and implementation of the AI system to
promote uptake [49,55]. One organization formed a special
governance committee as a formal mechanism to monitor AI
use among health care providers [46]. Another organization’s
innovation strategy included innovation managers as part of the
organizational structure to promote AI [53].

In 7% (3/45) of the studies [50,57,68], the use of the following
implementation frameworks was mentioned: the Reach,
Effectiveness, Adoption, Implementation, and Maintenance
framework [90]; the Nonadoption, Abandonment, Scale-up,
Spread, and Sustainability framework [91]; and the
Socialization, Externalization, Combination, and Internalization
model of knowledge dimensions [92]. Of the 45 included
studies, 4 (9%) proposed new frameworks, principles, or
recommendations based on their presented findings and
implementation experiences [49,55,56,80]. Moorman [49]
proposed 6 principles for implementation of AI: elements of
trust and transparency, minimal impact on workflows,
stakeholder buy-in, relevant education, actionability of AI
outputs, and sustainability through follow-up interactions. Reis
et al [55] proposed a framework for overcoming cognitive and
affective resistance to AI implementation centered around
concerns of users (physicians), such as transparency and
understandability of the AI system, involvement of users in the
AI training, and trust in the AI system. Sun [56] proposed a
power strategy matrix for AI adoption, suggesting that a “boss
strategy” or “expert strategy” can influence adoption. Wen et
al [80] presented 3 desiderata for developing an AI-based
platform, where the second one focused on improving adoption.

Discussion

Principal Findings
Our aim with this study was to explore how the implementation
of AI in health care practice has been empirically investigated
in the research literature. We found that research on
implementation of AI systems is mostly published in
high-income countries, covers many different clinical settings
and disciplines, and predominantly focuses on care providers
as users. The AI models are primarily symbolic or knowledge
based, use automation or optimization technologies, and are
mainly used to perform tasks related to recognition. AI systems
are predominantly intended for clinical care, particularly clinical
care pertaining to patient-provider encounters. Most possess no
action autonomy but rather support human decision-making.
The focus of most research is on establishing the effectiveness
of interventions or related to technical and computational aspects
of AI systems. Focus on the specifics of implementation
processes does not yet seem to be a priority in research, and the
use of frameworks to guide implementation is rare.

Study Characteristics
Most of the studies were published very recently (2020-2022),
which is unsurprising given the temporal distribution of AI
health care studies. Research on AI implementation in health
care is predominantly conceptual in nature, dominated by
commentaries, perspectives, opinion articles, and conceptual
frameworks that raise important questions and issues but without
much-needed empirical evidence [93-96]. As the empirical
evidence base for the implementation of AI solutions in routine
health care is still narrow and premature, it limits possibilities
for generalization both for practice and for the advancement of
methodological approaches. Most of the articles were published
in high-income countries, particularly the United States. This
finding is consistent with the more developed digital health
infrastructure, routine use of electronic health records, and big
data initiatives in North American and European countries and
aligns with other reviews of AI applications in various fields
of health care [32,97,98]. The many different clinical settings
and disciplines could corroborate the data-driven nature of health
care; the fact that AI is highly applicable; or that because of its
nascent state, AI is still being tried in many different contexts.
Given the focus on clinical care, it is not surprising that the
intended users were mostly health care providers, particularly
physicians. A recent scoping review on the use of AI in primary
care found a similar predominance of physicians as target end
users [99]. This suggests a view of AI systems as tools to support
decision-making by physicians rather than other health
professionals. It was surprising to find a scarcity of
implementations of AI applications to handle infectious diseases
(except for the study by McKillop et al [48]), given the
overwhelming attention given to, and funding provided for, the
management of the COVID-19 pandemic in 2020-2022. Another
underrepresented area where AI holds a strong promise is mental
health (except for the studies by Bennett [77] and Rahman et
al [100]).
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Types and Applications of AI Technology
Nearly half of the AI models were symbolic or knowledge based.
They used human-generated logical representations, rules, and
ontologies to infer conclusions and have greater explainability
than models that are based on pure data-driven or statistical
approaches. However, they might not live up to the full potential
of AI because they are “hard-coded, expert cookbooks” that are
limited by the knowledge that is encoded into them [101].
Data-driven, statistical approaches such as machine learning
learn predictive functions based on the inputted data. However,
these methods are opaque and have implications for health care
in relation to patient or provider trust, accountability and quality
assurance, and patient safety [3,102]. The World Health
Organization’s guidance on ethics and governance of AI for
health recognizes the potential trade-off between transparency
and accuracy but encourages AI explainability and transparency
over black-box approaches [43]. The predominance of
knowledge-based or symbolic models, whose greater
transparency and longer existence may ease acceptance among
care providers, is in line with previous reviews [103]. However,
the majority of recently published AI models use data-driven
or hybrid technologies, and knowledge-based models comprised
only a minority of the applications [104]. Our study found that
automation or optimization technologies were by far the most
common, followed by human language technologies. More than
half of the AI systems implemented had no action autonomy.
Instead, they were human decision support systems where the
AI system cannot act on its recommendation or output but
depends on the human operating the system to use or disregard
the recommendation made by it. This finding indicates that
decision support systems are the types of AI systems that have
achieved adoption the earliest, likely because they enhance
human actions and cause minimal disruption to clinical
workflows [105].

Implementation Process
This study found that the way the implementation process of
AI systems in health care is researched is varied and builds on
many types of study designs and methodologies. A little more
than half of the included studies did not provide a clear
motivation for implementing an AI system, which is a key factor
for successful adoption of AI in health care [105]. The lack of
a clear motivation indicates poor alignment with well-defined
needs from clinical practice and risks reinforcing a
technology-focused logic regarding implementation of AI in
health care. This observation might reflect the lack of consistent
understanding of what is meant by implementation of AI in
daily practice and a lack of methodological consistency in how
such implementations should be researched and reported. Most
of the studies either had a technical or computational
understanding of implementation or viewed implementation in
terms of the effectiveness of the intervention. There was not
much focus on the actual process of implementation studies but
more on presenting cases of implementation. This indicates the
relatively nascent nature of evidence in this field and is similar
to other studies, which highlights that many of the publications
on AI in health care focus on the methods and technical aspects
of applying the AI model to clinical scenarios but provide very

little information on the actual process of its implementation in
practice [51,99].

Despite the limited focus in the studies on researching the
implementation process, our inductive analysis identified the
following implementation elements: cocreation, designing
nondisruptive workflows, maintaining a learning focus,
communication, contextualization, leadership and conducive
organizational structure, trainings, and enforcement or
incentivization of AI use. These aspects are not unique to AI
but have been highlighted as important interventions for the
adoption of all digital technologies, including AI; for example,
the involvement of end users in the design and implementation
of IT services and applications forms the basis of user-centered
design, which is seen as an important driver of uptake of digital
technologies [106]. The commitment, involvement, and
accountability of leaders is also a well-known factor for
successful implementation in practice [107]. Seamless
integration with existing workflows was another factor
highlighted as central to adoption of AI systems. This finding
is consistent with the fact that most studied cases of AI system
implementation were based on decision support systems that
have no action autonomy and can be conveniently incorporated
into routine workflows. However, it is challenging to draw
generalized conclusions on the AI implementation strategies
from such systems because they introduce incremental
improvements in the workflows and do not represent more
disruptive types of AI systems; for example, those with high
action autonomy.

The findings of this study corroborate the recent work by Gama
et al [37] regarding the uncertainty of what should be considered
AI and the notion that our understanding of implementation is
still in the early stages of development. We would add that this
understanding is made even more complex by the lack of
agreement on what is meant by the term implementation. We
rejected numerous studies during the screening because the term
implementation was used in a computational sense; for example,
the product concept or requirements were implemented as a
code, or the coded algorithm was implemented using an existing
data set. Even in studies involving real-world settings, the term
was used to mean execution of a plan without reflection on the
process of execution. The focus of implementation as an
intentional effort designed to change routine practice, adapt
interventions, or increase the uptake of interventions into routine
practice was scarce in the published literature.

Limitations and Methodological Considerations
The strengths of this study include the substantial number of
records reviewed and the rigor observed during the screening
process. The search strategy was comprehensive and broad, and
covered 5 different electronic databases. However, we did not
include a broader search of the gray literature that would have
undoubtedly captured additional cases and potentially identified
more cases representing ongoing or completed implementation
projects not yet published in the research literature. As we aimed
to investigate the experiences from implementation in clinical
practice, during screening we removed clinical trials, case
reports, pilots, feasibility studies, and other forms of limited
and controlled introduction of AI applications in practice. We
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expect there to be a lag between the work of technology
companies and care providers and subsequent academic
publications. However, because of the number of records we
identified and the previously found extensive availability of
opinion-based articles in the literature in the form of
perspectives, insights, and narrative reviews [37], we made a
conscious choice to focus on peer-reviewed articles. Although
this procedure might risk excluding relevant knowledge from
smaller or unsuccessful implementation attempts or other
research adjacent to implementation processes, we delimited
the results to the literature based on actual experiences from
implementation in everyday clinical practice.

Our initial screening of title and abstracts did not require
decisions by 2 reviewers, but all decisions in the full-text
screening were confirmed in pairs. We deliberately worked to
maintain consistency and mitigate individual variation through
biweekly meetings where we worked to establish a
psychologically safe environment that encouraged all authors
to raise or flag doubts, discuss the application of exclusion
criteria, or consider differing interpretations. When in doubt,
we would backtrack or repeat without blame, and all conflicts
and uncertainties were resolved through discussion until
consensus was reached. Additional meetings were held with
other experts in the domain to ensure methodological rigor.
Although the Arksey and O’Malley framework for scoping
reviews [39] does not include a quality appraisal, we would

recommend that future authors consider doing so as the number
of articles that carefully consider implementation increases.

Conclusions
The current body of empirical evidence demonstrates a
dissonance between research and practice needs. On the one
hand, conceptual and methodological AI research builds on
large promises of AI to revolutionize health care and
problematizes its slow uptake into practice. On the other hand,
the current empirically supported knowledge derives mostly
from implementations of AI systems with low action autonomy
and highlights lessons on the implementation process that are
typical of implementations of other types of information
systems. Further research is needed on the more disruptive types
of AI systems being implemented in routine care to identify
those aspects of implementation unique to AI. This highlights
the need for future research to advance in two main streams:
(1) to empirically study the implementation processes of various
types of AI systems in health care practice and (2) to support
empirical research and practical implementations by developing
and disseminating an AI-specific implementation framework
that would take into account some of the unique aspects related
to uptake of AI in health care, such as building trust, addressing
transparency issues, developing explainable and interpretable
solutions, and addressing ethical concerns around privacy and
data protection.
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Abstract

Background: The prevalence of women diagnosed with gestational diabetes mellitus (GDM) is increasing dramatically. Mobile
technologies to enhance patient self-management offer many advantages for women diagnosed with GDM. However, to our
knowledge, although mobile health (mHealth) and telemedicine systems for GDM management exist, evidence on their cultural
and digital health literacy appropriateness levels is limited.

Objective: This review aimed to search and assess the literature on mHealth and telemedicine systems designed for women
diagnosed with GDM. Our assessment of these technologies focused on their cultural and digital health literacy appropriateness
as well as the systems’ effectiveness in improving glycemic control and maternal and infant outcomes.

Methods: We conducted a scoping review using a framework adapted from Arksey and O’Malley. Four electronic databases
were searched for relevant studies: PubMed, MEDLINE (EBSCO), Web of Science, and Scopus. The databases were searched
between January 2010 and January 2022. The inclusion criteria were pregnant women diagnosed with GDM, use of telemedicine
for monitoring and management, and vulnerable or disadvantaged patients. We used terms related to mobile apps and telemedicine:
GDM, vulnerable populations, periphery, cultural appropriateness, and digital health literacy. Studies were screened and selected
independently by 2 authors. We extracted the study data on a Microsoft Excel charting table and categorized them into final
themes. The results were categorized according to the cultural and digital health literacy features presented.

Results: We identified 17 studies that reported on 12 telemedicine and mHealth app interventions. We assessed the studies in
three domains: cultural appropriateness, digital health literacy, and maternal and infant outcomes. In the literature, we found that
existing digital technologies may improve glycemic control and diabetes self-management. However, there is a lack of assessment
of cultural and digital health literacy appropriateness for pregnant women diagnosed with GDM. Considerations in app design
regarding cultural appropriateness were found in only 12% (2/17) of the studies, and only 25% (3/12) of the interventions scored
≥3 out of 5 in our assessment of digital health literacy.

Conclusions: mHealth and telemedicine can be an effective platform to improve the clinical management of women with GDM.
Although studies published on the use of mHealth and telemedicine systems exist, there is a limited body of knowledge on the
digital health literacy and cultural appropriateness of the systems designed for women diagnosed with GDM. In addition, as our
study was restricted to the English language, relevant studies may have been excluded. Further research is needed to evaluate,
design, and implement better tailored apps regarding cultural and digital literacy appropriateness for enhancing pregnant women’s
self-management as well as the effectiveness of these apps in improving maternal and infant health outcomes.

(J Med Internet Res 2022;24(10):e37844)   doi:10.2196/37844
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Introduction

Background
The prevalence of women diagnosed with diabetes during
pregnancy has substantially increased over the last decade. The
International Diabetes Federation 2019 report estimated that 20
million women developed hyperglycemia during pregnancy,
84% of them because of gestational diabetes mellitus (GDM)
[1]. GDM is associated with significant risk and can lead to
grave adverse perinatal outcomes and long-term health
complications for both mothers and their offspring [2-4].
Self-care and changes in lifestyle are essential for adequate
glycemic control and prevention of unfavorable maternal-infant
health outcomes [5,6]. GDM management requires women to
implement medical nutrition therapy, self-monitor their blood
glucose levels, manage weight gain, and perform physical
exercise [7-9]. These self-management tasks are complex and
pose a significant self-care burden for pregnant women,
especially those who are diagnosed for the first time.

Digital technology solutions have been introduced to support
and improve women’s management and outcomes while
decreasing the need for direct physician-patient contact. Digital
health platforms include mobile health (mHealth) apps,
telehealth, and telemedicine, and the information can be
delivered through a wide range of technologies such as
web-based services, mobile devices, and software systems.
These platforms are perceived as a way to reduce disparities in
access and quality of care for patients living in rural areas [10].
However, although these technologies have many potential
advantages, the extent to which they address the needs of women
with diverse communication competencies, culture, and
language and different health and digital literacy levels remains
unclear [11,12].

Digital health literacy is defined as “the ability to seek, find,
understand, and appraise health information from electronic
sources and apply the knowledge gained to address or solve a
health problem” [13]. As both health care systems and providers
gradually increase their use of health technologies, patients are
asked in turn to engage with advanced digitalization, posing
additional barriers. Recent studies have shown that low health
literacy is positively correlated with deficiencies in diabetes
knowledge and self-management among patients with diabetes
[14-16] and an increase in health care provider workload [17].
In 2013, the Institute of Medicine published a discussion paper
suggesting strategies for improving health literacy and usability
by developing health literate apps [18]. However, evidence on
the use of mHealth apps and telemedicine systems is based
mainly on studies conducted on the general population. Thus,
it is not clear if and how levels of digital and health literacy
were considered in the development of these systems [19].
Moreover, the Academy of Nutrition and Dietetics guidelines
for GDM (2018) suggested that sociocultural assessments such
as religious dietary restrictions, food insecurity, or fasting related

to religious beliefs should be addressed according to the patient’s
needs because of their influence on pregnant women’s lifestyle
and self-management [20]. Cultural appropriateness and cultural
sensitivity assessments are essential in the design of digital
mHealth apps and telemedicine systems developed for improved
GDM management.

Objectives
To our knowledge, reviews assessing digital health literacy and
cultural appropriateness of mHealth and telemedicine systems
developed for women with GDM have not been conducted.
Given the limited evidence, the main objective of this review
was to search the literature on mHealth and telemedicine systems
designed for women with GDM and assess their cultural and
digital health literacy appropriateness as well as the systems’
effectiveness in improving glycemic control and maternal and
infant outcomes.

Methods

Overview
We conducted this scoping review following the methodological
framework proposed by Arksey and O’Malley [21] and Levac
et al [22] considering the further refinements made by the Joanna
Briggs Institute Reviewers’ Manual [23]. The framework by
Arksey and O’Malley is based on six essential stages: (1)
identifying the research question; (2) searching and identifying
relevant studies; (3) selecting the relevant studies; (4) charting
the data; (5) collating, summarizing, and reporting the results;
and (6) consulting with stakeholders (optional). We selected
the scoping review methodology as our aim was to explore the
current body of knowledge regarding GDM mHealth apps
tailored for cultural and digital health literacy appropriateness,
identify existing knowledge and implementation gaps, and
suggest future research needed. Furthermore, the reporting of
this scoping review was guided by the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
extension for Scoping Reviews (PRISMA-ScR) checklist [24]
(Multimedia Appendix 1).

Search Strategy
Four electronic databases—PubMed, MEDLINE (EBSCO),
Web of Science, and Scopus—were searched using the following
terms: (1) telemedicine, (2) gestational diabetes mellitus, (3)
target vulnerable populations, (4) remote/periphery areas, (5)
culture appropriate, and (6) digital health literacy. An example
of the search strategy and keyword combination for the PubMed
database can be found in Multimedia Appendix 2.

Inclusion and Exclusion Criteria
Studies were included based on the inclusion and exclusion
criteria and if they met the participants or population, concept,
and context mnemonic categorization recommended by the
Joanna Briggs Institute for scoping reviews (Table 1).
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In our initial search, we examined studies published between
January 2010 and October 2021. We updated our search to
ensure that any new relevant publications between October 2021
and January 2022 were included. Protocols and feasibility
studies for mHealth and web-based system design and
development were not included, but they informed our search
for publications that presented implementation and study

outcomes. Similarly, relevant review publications were not
included, but their reference lists were hand searched for
additional original papers potentially eligible for inclusion in
this scoping review. In addition, we scanned the reference lists
of all studies selected for inclusion for additional relevant
studies.

Table 1. Inclusion and exclusion criteria.

Exclusion criteriaInclusion criteriaCategorization

Participants or population •• Nonpregnant patientsPregnant women who were diagnosed with

GDMa • Pregnant women who were not diagnosed with GDM

Concept •• Use of mHealth telemonitoring for patients who were not diag-
nosed with GDM (eg, postpartum follow-up, pregnant patients
who were diagnosed with type 1 or type 2 diabetes, patients with
diabetes who were not pregnant, use of mHealth for pregnant

patients following HTNc, and fetal monitoring)

Use of mHealthb for GDM monitoring and
management

• mHealth was considered as telemedicine, mo-
bile phone apps, smartphone apps, and web-
based systems

Context •• N/AdVulnerable or disadvantaged patients or groups
(ethnic minorities, migrants, underserved
populations, and digital health literacy)

• Rural and underserved areas and periphery

Type of studies •• Conference abstracts, editorials, commentaries, letters to editor,
essays, book chapters, and books

Qualitative, quantitative, or mixed methods
studies

• Observational and experimental, cross-section-

al, or longitudinal; RCTe, nonrandomized, or
noncontrolled trials; and case series or case
reports

Language •• Languages other than EnglishEnglish

aGDM: gestational diabetes mellitus.
bmHealth: mobile health.
cHTN: hypertension.
dN/A: not applicable.
eRCT: randomized controlled trial.

Screening and Selection of Studies
Our initial search of 4 databases yielded 207 results. Our hand
search identified 21 additional records. After duplicates were
removed, 52.2% (119/228) of publications were reviewed. The
selection procedure is presented in the PRISMA flow diagram
(Figure 1). The titles and abstracts of 52.2% (119/228) of the
articles were screened independently by 2 authors (YB and SS).
Following initial screening, of the 119 articles, 91 (76.5%) were
excluded, including 5 (4.2%) reviews whose reference lists were

searched. The remaining 28 publications’ full texts were
reviewed and screened for eligibility. A total of 11 publications
were excluded (reviews: n=5, 45%; not the target population
and women who had GDM but the study was conducted during
their postpartum period: n=1, 9%; nonpregnant women who
were diagnosed with GDM in the last 5 years: n=2, 18%; and
preimplementation usability and feasibility studies: n=3, 27%).
Disagreements in the decisions were resolved through discussion
and consensus.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Charting the Data
The information we derived from the studies included in this
scoping review was recorded using a Microsoft Excel (Microsoft
Corp) data charting table. The table included general information
on the study characteristics (title, year of publication, country,
research aims, study design, and population), description of
telemonitoring intervention versus usual standard of care,
evaluation of digital health literacy, cultural features, outcome
measures, and results.

Collating, Summarizing, and Reporting the Results
Selected papers were evaluated thoroughly by both reviewers
to identify similarities and differences in mHealth interventions
and were summarized for telemedicine and app development
and culturally appropriate design. We also evaluated the degree
to which these apps addressed health literacy by assessing five
digital health literacy features: (1) patients’ ability to use a
smartphone for chatting, reading, and writing; (2) patient
training and guidance on how to use the technology; (3) plain
language; (4) display and organization of information (simplified

navigation); and (5) the intervention being tested for feasibility
and usability. An additional search was conducted to better
assess the feasibility and usability of the apps of the
interventions included in this scoping review. We searched for
previous studies conducted by the authors to evaluate their
interventions’ feasibility before the final implementation. The
outcome measures and significant results were summarized.
The data were categorized and organized into final themes.

Results

A total of 17 articles were included for data extraction in this
scoping review, as can be seen in the PRISMA flowchart (Figure
1).

Characteristics of the Studies
The included studies were published between 2010 and 2021.
Of the 17 articles, 4 (24%) were published in Norway [25-28],
and 3 (18%) were published in Spain [29-31], followed by China
(n=3, 18%) [32-34], Singapore (n=2, 12%) [35,36], the United
States (n=1, 6%) [37], Australia (n=1, 6%) [38], France (n=1,
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6%) [39], the United Kingdom (n=1, 6%) [40], and Israel (n=1,
6%) [41]. A total of 35% (6/17) of the studies were multicenter
randomized controlled trials (RCTs) [25,26,32,33,37,38], 29%
(5/17) were single-center RCTs [29,34,36,40,41], 6% (1/17)
were non-RCTs [30], 6% (1/17) had an experimental design

[31], 18% (3/17) were qualitative studies [27,28,39], and 6%
(1/17) had a mixed methods design [35]. The study interventions
included a web-based telemedicine system [30-33,37-39],
web-based applications [29,35,36,41], and mHealth apps
[25-28,34,40] (Table 2).
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Table 2. Characteristics and cultural appropriateness of the 12 apps and systems.

Cultural appropriatenessInterventionRace and ethnicityStudy populationCountryStudy designStudy

ChinaRCTaTian et al [32],
2021

• +e• WeChat• Ethnic Han:
96.3%

• GDMb

•• Individualized guid-
ance for self-manage-

IGc: n=133
• Other: 3.7%

• CGd: n=136 ment

ChinaRCTYang et al
[33], 2018

• +/−g• WeChat• N/Af• GDM
• IG: n=57 • Individualized dietary

advice• CG: n=50
• Normal glucose

tolerance: n=50

United
States

RCTHomko et al
[37], 2012

• −h• Web-based system• African American:
30%

• GDM
• IG: n=36

• White: 37.5%• CG: n=38
• Latino or Hispan-

ic: 20%
• Asian and other:

12.5%

NorwayRCTGarnweidner-
Holme et al
[26], 2020

• +• Pregnant+ app• Norway: 46.6%• GDM
• ••IG: n=95 Norwegian, Urdu, or

Somali language and
food culture

Western Eu-
rope+United
States: 6.7%

• CG: n=98

• Eastern Europe:
9.3%

• Asia: 23.3%
• Africa: 11.4%
• South America:

2.6%

NorwayRCTBorgen et al
[25], 2019

• +• Pregnant+ app• Norway: 46.8%• GDM
• ••IG: n=115 Norwegian, Urdu, or

Somali language
Western Eu-
rope+United• CG: n=123
States: 5.9%

• Eastern Europe:
8.9%

• Asia: 23.6%
• Africa: 12.7%
• South America:

2.1%

SpainDescrip-
tive—clini-
cal trial

Albert et al
[31], 2020

• −• Web-based system• N/A• GDM
• •N=20 SineDie

SpainRCTPérez-Ferre et
al [29], 2010

• −• Web internet-
based application

• IG:• GDM
• IG: n=48

• White: 51%• CG: n=49
• Hispanic: 30.6%
• Asian: 6.1%
• North African:

4.1%
• Other: 8.2%

• CG:

• White: 56.2%
• Hispanic: 37.5%
• Asian: 4.2%
• North African:

2.1%
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Cultural appropriatenessInterventionRace and ethnicityStudy populationCountryStudy designStudy

• −
• Limited common lo-

cal and ethnic food
database (64%)

• Food item’s name
was not worded in the
commonly known
way, and the imperial
measurement (cup)
was not familiar to
the participants

• Web-based appli-
cation

• Habits-GDM

• Quantitative data

• Chinese: 44%

• Non-Chinese:
56%

• Interviews

• Chinese: 57%
• Non-Chinese:

43%

• GDM
• Quantitative data:

n=170
• Semistructured in-

terviews: n=14

SingaporeRCT and
qualitative;
mixed meth-
ods

Surendran et
al [35], 2021

• −• Web-based
telemedicine plat-
form

• DiabeTIC

• White: 96.2%
• Hispanic: 1.9%
• North African:

1.9%

• Pregnant women
with diabetes

• GDM: n=77
• Type 1 DMi: n=16
• Type 2 DM: n=11
• IG: n=40
• CG: n=64

SpainProspective
intervention-
al study

Carral et al
[30], 2015

• −/+

• Personalized dietary
guidance

• mHealthj app
• Dnurse app

• N/A• GDM
• IG: n=64
• CG: n=60

ChinaRCTGuo et al [34],
2019

• −• mHealth app• IG:

• White: 77%
• South Asian: 10%
• African or

Caribbean: 6%
• East Asian: 3%
• Other: 4%

• CG:

• White: 78,4%
• South Asian:

12.7%
• African or

Caribbean: 3.9%
• East Asian: 1%
• Other: 3.9%

• GDM
• IG: n=101
• CG: n=102

United
Kingdom

RCTMackillop et
al [40], 2018

• −• Web-based appli-
cation

• N/A• GDM
• IG: n=64
• CG: n=60

IsraelRCTMiremberg et
al [41], 2018

• −/+
• A database of com-

mon foods in Singa-
pore was incorporated
into the app

• A manuscript written
by Surendran et al
[35] on the same
study found that the
food items’ names
were not worded in
the commonly known
way, and the imperial
measurement (cup)
was not familiar to
the participants

• Web-based appli-
cation

• Habits-GDM

• IG:

• Chinese: 44.1%
• Non-Chinese:

55.9%

• CG:

• Chinese: 43.5%
• Non-Chinese:

56.5%

• GDM
• IG: n=170
• CG: n=170

SingaporeRCTYew et al
[36], 2021

• N/A• GDM
• N=17

NorwayQualitativeSkar et al [28],
2019
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Cultural appropriatenessInterventionRace and ethnicityStudy populationCountryStudy designStudy

• +
• Information about

health and nutrition
in Norwegian, Urdu,
and Somali

• Norway: 59%
• Immigrants

(Poland, Bulgaria,
Turkey, Pakistan,
Palestine, and
Sweden): 41%

• −• Web-based
telemedicine plat-
form

• TeleGDM

• N/A• GDM
• IG: n=61
• CG: n=34

AustraliaRCTRasekaba et al
[38], 2018

• −• Telemonitoring
system

• myDiabby

• N/A• GDM n=5
• Health care

providers:
• Diabetes special-

ists (n=8)
• Educational nurses

(n=8)
• Dietitians (n=2)
• Gynecologists

(n=1)
• Midwives (n=1)

FranceQualitativeKhalil [39],
2019

aRCT: randomized controlled trial.
bGDM: gestational diabetes mellitus.
cIG: intervention group.
dCG: control group.
eConsidered the issue.
fN/A: not applicable.
gPartially considered the issue.
hDid not consider the issue.
iDM: diabetes mellitus.
jmHealth: mobile health.

Culturally Appropriate Intervention Design
Cultural appropriateness is defined as “the ability to recognize,
understand, and react appropriately to beliefs, values, norms,
and behaviors of persons who belong to a cultural or ethnic
group that differs from one’s own” [42]. We operationally
defined culturally appropriate design as the assessment and
awareness of the researchers in the intervention’s design phase
in adapting the app’s content and instructions according to the
patients’ culture, language, religion, customs, and beliefs.
Assessment and design of cultural appropriateness was
considered in only 17% (2/12) of the telemedicine and app
interventions we identified. In the Pregnant+ app study, for
example, the authors acknowledged the high prevalence of GDM
among immigrant women in Norway and the importance of
designing and incorporating linguistic and culturally adapted
information. The app was translated into 3 languages and also
included preferred food items according to culture [25-28,43].
In the Habits-GDM application design, researchers included a
database of common foods in Singapore [36]. However, in a

qualitative study that examined the Habits-GDM application
users’ perceptions, 9 out of the 12 interviewed women stated
that the database had limited ethnic foods, and 12 out of 14
women claimed that the measurement units were not familiar
to them [35]. Another 12% (2/17) of the studies assumed and
stated in their study limitations that their targeted users were
users with high levels of cultural literacy, but their sample did
not represent high-risk or low socioeconomic groups and,
therefore, no cultural modifications were added [34,41]. Another
6% (1/17) of the studies acknowledged the existing gaps among
rural and disadvantaged populations, which caused the women
to avoid using the telemedicine system [30].

Digital and Health Literacy

Overview
We evaluated the 12 intervention studies according to the 5
digital health literacy features, as presented in Table 3, providing
an overall maximum score of 5 on the extent to which the apps
addressed the 5 features of digital health literacy (Table 3).

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37844 | p.44https://www.jmir.org/2022/10/e37844
(page number not for citation purposes)

Birati et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Summary of the included studies’ digital and health literacy features (N=14).

Overall digital and
health literacy score
out of 5

Test usabilityHealth content—dis-
played and orga-
nized (simplified
navigation)

Content—plain lan-
guage

Proper training and
guidance

Ability to use a
smartphone for chat-
ting, reading, and
writing

Study

Tian et al [32],
2021

• 0.5• −/+c• N/A• N/A• N/Ab• −a

• Inclusion crite-
ria: ability to

• Brief inter-
views

use a smart-
phone for chat-
ting, reading,
and writing ba-
sic Chinese

Yang et al
[33], 2018

• 1• N/A• N/A• N/A• +d• −
• Study exclu-

sion criteria: in-
• The research

team taught the
ability to oper- patients how to
ate a mobile use the app
phone or
WeChat

Homko et al
[37], 2012

• 3• +• +• N/A• +• −
• ••A total of 7 pa-

tients (22%) in
Test usability
[44]

IG received
training follow-
ing installation.the IGe never
A total of 3 pa-accessed the
tients (20%)system
needed addition-
al training or to
correct techni-
cal problems

Garnweidner-
Holme et al
[26], 2020

• 4• +• +• +• −• +
•••• A total of 21

pregnant
women were

A multidisci-
plinary re-
search team

Information
was in line with
the varying lev-

Relied on the
women’s own
capability to

involved inand experts inels of literacydownload and
the develop-software wereuse the app • The content

writing, litera- ment phaseinvolved in the
and gavedesign and de-cy, and visual
feedback, andvelopment andcommunication
adjustmentsdata privacywere assessed
were madeand security, asagainst the
[43]well as a graph-Kreuter mes-

ic designer andsage checklist
language editor[45]

• The content
was ordered us-
ing 4 icons

Borgen et al
[25], 2019

• 4• +• +• +• −• +

Albert et al
[31], 2020

• 2• +• +• N/A• N/A• N/A
•• Before insula-

tion, the sys-
Monitoring da-
ta were present-

tem was eval-ed in an elec-
uated for va-tronic logbook
lidity, safety,
and effective-
ness [46]
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Overall digital and
health literacy score
out of 5

Test usabilityHealth content—dis-
played and orga-
nized (simplified
navigation)

Content—plain lan-
guage

Proper training and
guidance

Ability to use a
smartphone for chat-
ting, reading, and
writing

Study

• 1• +
• Feasibility

test [47]

• N/A• N/A• −
• A total of 5 pa-

tients were not
able to transmit
any data

• No further inter-
vention was de-
scribed to en-
hance the train-
ing

• These patients
had a lower ed-
ucational level
or difficulties
with the lan-
guage or were
not used to new
technologies

• −
• A total of 10

women were
excluded be-
cause of inabili-
ty to under-
stand or com-
ply with the
protocol

Pérez-Ferre et
al [29], 2010

• 2.5• −/+
• A qualitative

study of the
patients’expe-
rience was
conducted af-
ter the study
trial [36]

• No pilot study
was conduct-
ed

• −
• All information

in one place
(3/9 women);
difficult to
search features
in the diet-
tracking func-
tion (3/12
women)

• +
• Content of the

educational
lessons was
easy to under-
stand (6/9
women)

• N/A• +
• Half of the app

users (84/170)
accessed at
least one educa-
tional lesson

Surendran et
al [35], 2021

• 3• +
• A pilot study

examined pa-
tient satisfac-
tion [48]

• +

Satisfaction sur-
vey—navigation
through the platform
is intuitive: mean 6.7
(SD 3.0, range 1-
10); allows me to
adequately visualize
the information:
mean 8.2 (SD 1.8,
range 4-10)

• N/A• N/A• +
• Satisfaction

survey—the
platform is
easy to use:
mean 8.1 (SD
1.5, range 5-
10)

Carral et al
[30], 2015

• 0• N/A• N/A• N/A• N/A• −
• Inclusion crite-

ria: patients
with smart-
phones and
proficiency in
the use of mo-
bile apps

• Most of the pa-
tients already
had a high level
of digital litera-
cy

Guo et al [34],
2019

• 2• +
• Testing the

app develop-
ment [49]

• N/A• N/A• −
• Researchers as-

sumed that the
women en-
rolled in the
study had high
rates of literacy

Mackillop et
al [40], 2018
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Overall digital and
health literacy score
out of 5

Test usabilityHealth content—dis-
played and orga-
nized (simplified
navigation)

Content—plain lan-
guage

Proper training and
guidance

Ability to use a
smartphone for chat-
ting, reading, and
writing

Study

• +
• Following the

app develop-
ment test, dis-
plays were
changed to

show BGf read-
ings in both
graphical and
tabular formats
with color-cod-
ed thresholds
[49]

• Illustrations
were added to
on-screen but-
tons

• 0.5• N/A• −/+
• Patients report-

ed “high” or
“very high” sat-
isfaction with
their applica-
tion-based pre-
natal care

• In total, 80% of
the patients re-
ported no diffi-
culty using the
application
(20% of the pa-
tients reported
slight difficulty
mainly related
to the English
language barri-
er)

• −• N/A• −
• Inclusion crite-

ria: ability to
speak English
at least to a lev-
el that enabled
the women to
use the applica-
tion and com-
municate with
the clinic team
(the study was
conducted in
Israel)

Miremberg et
al [41], 2018

• 0• N/A• −
• Patients were

required to be
able to navigate
an application

• N/A• N/A• −
• Inclusion crite-

ria:

proficiency in En-
glish (the study was
conducted in Singa-
pore)

Yew et al
[36], 2021

• 2• +
• Patient satis-

faction survey
and provider
usability [51]

• N/A• N/A• N/A• +
• Barriers: finan-

cial disadvan-
tage in access-
ing the service
and level of
technological
literacy [50]

Rasekaba et al
[38], 2018

aDid not consider the issue.
bN/A: not applicable.
cPartially considered the issue.
dConsidered the issue.
eIG: intervention group.
fBG: blood glucose.
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Women’s Ability to Use a Smartphone for Chatting,
Reading, and Writing
We evaluated whether the interventions assessed their patients’
levels of digital health literacy before the design and
development of the intervention, such as women’s ability to use
a smartphone for chatting, reading, and writing. The Pregnant+
app was the only one of the 12 interventions in which the content
was checked during its app design and development phase using
the Kreuter health message checklist with regard to patients’
ability to read the app information [45] and that also assessed
the suitability of the materials [52]. Following this evaluation,
researchers added explanations of diabetes medical terms to the
app, and the women received information in accordance with
their different literacy levels [43]. In DiabeTIC, a pilot study
was conducted on a sample of patients with diabetes not
exclusive to GDM to evaluate participants’ satisfaction with
the telemedicine platform monitoring and metabolic control. A
total of 7 out of 32 participants were women diagnosed with
GDM. The overall mean score from study participants on the
item “the platform is easy to use” was 8.1 (SD 1.5, range 5-10)
[30,48]. Rasekaba et al [50] identified in their study that barriers
to using the app were due to the women’s level of digital literacy
and technology proficiency. However, this assessment was
conducted after the start of the project [50]. In another 24%
(4/17) of the studies, those who were not able to use a mobile
phone or had language difficulties were excluded in the
enrollment phase [32-34,36,41]. Of these 4 studies, 2 (50%)
required proficiency in English even though, in 50% (1/2) of
those studies, the country’s official language was not English
and, in the other 50% (1/2), English was one of 4 official
languages [36,41]. Mackillop et al [40,53] assumed that the
women they enrolled in their study already had high rates of
literacy and did not mention any assessment regarding digital
literacy (Table 3).

Patient Training and Guidance on How to Use the
Technology
A total of 18% (3/17) of the studies reported that they conducted
training for the pregnant women who participated in the
intervention group. In the WeChat intervention, the research
team taught the women how to use the app [33]. Homko et al
[37] acknowledged the existing digital challenges and educated
the women on how to use the technology. In a previous
feasibility test, 15 women (47%) received computers, internet
access, and a training session. Three of these women needed
additional training. However, 22% of the women in the
intervention group did not access the telemedicine system or
use it. In the study limitations, the authors reported that, out of
an average of 8 weeks of follow-up, the women used and
transmitted their measurements on an average of only 3 weeks
[37,44]. In the Pregnant+ app, researchers assumed that the
women were capable of downloading and using the app, and
no training was offered [25]. In the rest of the studies (11/17,
65%), the information was not reported (Table 3).

Plain Language
The Pregnant+ app recognized the different literacy levels of
the women. Thus, they amended the information that the women
received in line with their needs. Here, too, contents were

checked using the Kreuter health message checklist to assess
developers’ use of plain language [43,45]. Regarding
Habits-GDM, interviews were conducted after the study trial.
A total of 6 out of 9 women (67%) said that the educational
lessons were easy to understand [35]. In all other interventions,
information regarding the level of language and medical jargon
used was not available (Table 3).

Display and Organization—Simple Navigation
Navigation and screen display were described in 25% (3/12) of
the interventions. In the Pregnant+ app, a graphic designer and
language editor were involved in the design and development
phases. The app content was designed and organized
hierarchically and included only 4 icons to ease use and avoid
overburdening the pregnant women [43]. Homko et al [44], in
a preceding feasibility study, described the system’s web screens
for measurements and information, the data entry section, the
sent questions, and the data appearance. Regarding the SineDie
application, a previous study was conducted to evaluate the
system. In the manuscript, the authors described the system
design and architecture and included photos to demonstrate the
view and drop-down lists that the women used when entering
data as well as the summary of the electronic logbook [31,46].
In the Habits-GDM enrollment phase, those who were included
in the study were required to be able to use a mobile phone and
navigate through the application. The intervention interviews
conducted showed that only 3 out of 9 users (33%) reported
that all the information was in one place, and 3 out of 12 users
(25%) said that they had difficulties in searching for features
in the diet-tracking function while using the application [35,36].
A satisfaction survey conducted on the DiabeTIC web-based
telemedicine platform found that the women’s mean score on
the item “understanding how to navigate through the platform”
was 6.7 (SD 3.0, range 1-10), and the mean score on the item
“adequate visualization of all information” was 8.2 (SD 1.8,
range 4-10) [30,48]. Mackillop et al [49] tested the usability
and reliability of the app and, following the results, app displays
and colors were changed. In addition, to ease app navigation,
they added illustrations on the screen icons [40,49] (Table 3).

Testing the Intervention
We found that 50% (6/12) of the interventions conducted
preimplementation studies to examine user experience, ease of
use, understanding of content, and app navigation following the
prototype’s design and development. Homko et al [44] tested
the intervention’s feasibility focusing on how well the pregnant
women communicated with their health care provider and used
the telemedicine system for better maternal and infant outcomes.
The Pregnant+ app involved 21 pregnant women in its design
and development phase, and 2 user-involvement studies were
conducted afterward [43]. In addition, 2 qualitative studies were
carried out to examine women’s and providers’experiences and
attitudes toward the Pregnant+ app [27,28]. Regarding the
SineDie web-based clinical decision support system, a feasibility
study was conducted. A total of 25 women participated in a
validity study, and 90 women were randomized and participated
in a clinical trial study testing effectiveness [46]. Mackillop et
al [49], before the implementation of their intervention,
conducted beta testing for system use (n=7) and the service
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development phase (n=48). Pérez-Ferre et al [47] conducted a
pilot study to test the telemedicine system’s feasibility in clinical
practice, reduction of face-to-face visits, and participants’
satisfaction. The DiabeTIC pilot study examined 32 participants’
satisfaction levels with the use of the telemedicine platform. A
total of 7 of the 32 patients were women diagnosed with GDM
[48]. In total, 25% (3/12) of the interventions evaluated the
mHealth apps and telemedicine systems during implementation
or afterward. In the WeChat intervention, short interviews were
conducted, but no details on the questions and answers were
described in the manuscript [32]. Regarding Habits-GDM, a

qualitative study examined patients’ experiences using the app
after the study trial was delivered [36]. The TeleGDM
web-based telemedicine study used mixed methods to examine
patient and provider usability, acceptance, and satisfaction with
using the technology [51] (Table 3).

Effectiveness

Overview
A summary of the outcome measurements and significant results
of the 82% (14/17) of quantitative studies included in this review
is provided in Table 4.
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Table 4. Maternal and neonatal outcome measurements and significant results (N=14).

Significant outcomesNeonatal outcome measurementsPregnant women’s lifestyle
outcome measurements

Maternal clinical outcome mea-
surements

Study

Tian et al [32],
2021

• Differences in glycemic
qualification, but clinical
maternal and neonatal out-

• Preterm birth• N/Af• Glycemic control:

Number of BGa levels
within the control

• • Birth weight

comes were not significant-range
ly different between the IGg• FBGb and 2hBGc

and CGh

• Maternal outcomes:
• PROMd

• Postpartum hemor-
rhage

• Delivery mode—CSe,
vaginal, or vacuum

Yang et al
[33], 2018

• Glycemic control:• Birth weight or macrosomia• N/A• Glycemic control:
FBG •• FBG: P<.001 (IG vs

CG)
• Admission to the NICUk

• 1hBGi • Neonatal jaundice or hyper-
bilirubinemia • 2hBG: P<.001 (IG vs

CG)
• 2hBG

• Neonatal hypoglycemia
• Maternal outcomes: • Preterm birth • Maternal outcomes:• Delivery mode—CS,

vaginal, or vacuum • Premature delivery (IG
vs CG): P=.03• PIHj

• CS was more likely in
the IG: P=.03• PROM

Homko et al
[37], 2012

• Women who used the inter-
net sent more transmissions
than women who used the

• Admission to the NICU• Use of the system• Glycemic control:
FBG• • Birth weight or macrosomia

• Apgar score
• Maternal outcomes:

phone or IVRl system:• Neonatal hypoglycemia
• Delivery mode—CS,

vaginal, or vacuum
• Respiratory morbidities P=.007

• Women with higher in-
comes transmitted more

• PIH or pre-eclampsia
• PROM

frequently: P<.01• Gestational week of
delivery

Garnweidner-
Holme et al
[26], 2020

• No significant differences• N/A• N/A• Maternal outcomes:
Dietary changes•

Borgen et al
[25], 2019

• Women in the IG were less
likely to have an emergency
CS compared with the

• Birth weight or macrosomia• Engagement with
health

• Glycemic control:
2-hour glucose level

postpartum OGTTm
• • Admission to the NICU

• Apgar score
CG—overall mode of deliv-

• Maternal outcomes: ery: P=.03. However, when
• Delivery mode—CS,

vaginal, or vacuum
the women were stratified
by parity, this difference
was no longer statistically
significant

• Higher number of women
reported that apps made
them more engaged with
their health: P<.01

• However, a single self-con-
structed, nonvalidated
question was used to mea-
sure this, and it was not
specific to the intervention
app

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37844 | p.50https://www.jmir.org/2022/10/e37844
(page number not for citation purposes)

Birati et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Significant outcomesNeonatal outcome measurementsPregnant women’s lifestyle
outcome measurements

Maternal clinical outcome mea-
surements

Study

• Reduction in outpatient
clinic visits in women from
the telemedicine group
(P<.03)

• The women in the IG had
more contacts with health
personnel and took up less
time (P<.001) than those in
the CG

• Birth weight or macrosomia
• Admission to the NICU
• Neonatal hypoglycemia
• Preterm birth
• Shoulder dystocia

• Number of outpatient
visits

• Glycemic control:

• Change in HbA1c

• Maternal outcomes:

• PIH or pre-eclampsia
• Delivery mode—CS, vagi-

nal, or vacuum
• Weight gain
• Gestational week of deliv-

ery
• BPn

Pérez-Ferre et
al [29], 2010

• Only means, SDs, and per-
centage results

• N/A• Frequency of:

• Application use
• Access to educational

lessons
• Coaching massages re-

ceived

• N/ASurendran et
al [35], 2021

• Women in the IG required
insulin therapy less frequent-
ly than women in the CG
(P=.02)

• Women in the IG had a
lower number of visits to
the GDU (P<.001), nurse
educator (P<.001), and gen-
eral practitioner (P<.001)
than patients in the CG

• Birth weight or macrosomia
• Neonatal hypoglycemia
• Preterm birth

• Number of patient vis-
its:
• GDUo

• Obstetrics service
• Emergency
• General practition-

er

• Glycemic control:
• Change in HbA1c
• Need for insulin

• Maternal outcomes:
• Delivery mode—CS,

vaginal, or vacuum
• PIH or pre-eclampsia
• Gestational week of

delivery
• Weight gain
• BP

Carral, et al
[30], 2015

• Patient compliance was
higher in the IG than in the
CG (P<.001)

• Frequency of outpatient
service visits was lower in
the IG compared with the
CG (P<.001)

• Weight gain in the IG was
lower than in the CG
(P<.001)

• FBG (P<.001) and 2-hour
postprandial (P<.001) were
lower in the IG than in the
CG

• Birth weight or macrosomia
• Neonatal hypoglycemia
• Shoulder dystocia

• Compliance
• Number of outpatient

visits

• Glycemic control:
• Change in HbA1c
• 2-hour glucose level

postpartum OGTT

• Maternal outcomes:
• Delivery mode—CS,

vaginal, or vacuum
• Gestational week of

delivery
• Weight gain

Guo et al [34],
2019

• Cesarean delivery was low-
er in the IG compared with
the CG (P=.005), with no-
tably fewer emergency ce-
sarean deliveries in the IG

• Women in the IG had high-
er satisfaction with care
(P=.049)

• Compliance with BG read-
ings was better in the IG

(ORp 2.44, 95% CI 1.29-
4.61)

• Birth weight or macrosomia
• Admission to the NICU
• Neonatal jaundice or hyper-

bilirubinemia
• Neonatal hypoglycemia
• Shoulder dystocia

• Treatment satisfaction
• Compliance

• Glycemic control:
• Change in HbA1c
• Longitudinal glycemic

control

• Maternal outcomes:
• Delivery mode—CS,

vaginal, or vacuum
• PIH or pre-eclampsia
• Weight gain
• Gestational week of

delivery

Mackillop et
al [40], 2018

Miremberg et
al [41], 2018
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Significant outcomesNeonatal outcome measurementsPregnant women’s lifestyle
outcome measurements

Maternal clinical outcome mea-
surements

Study

• Compliance was higher in
the IG than in the CG
(P<.001)

• Mean BG was lower in the
IG than in the CG (P<.001)

• Overall rate of insulin treat-
ment was lower in the IG
than in the CG (P=.04)

• FBG (P<.001) and 1-hour
postprandial (P<.001) were
lower in the IG than in the
CG

• Birth weight or macrosomia
• Admission to the NICU
• Neonatal jaundice or hyper-

bilirubinemia
• Neonatal hypoglycemia
• Shoulder dystocia
• Neonatal respiratory morbid-

ity
• Neonatal death

• Compliance (the actual
BG measurements vs
instructed measure-
ments)

• Glycemic control:
• Longitudinal glycemic

control
• Need for insulin

• Maternal outcomes:
• Delivery mode—CS,

vaginal, or vacuum
• PIH or pre-eclampsia
• Gestational week of

delivery
• Polyhydramnios
• Perinatal tears

• Glucose above the targets
was significantly lower in
the IG than in the CG (be-
fore meal: P=.003; 2 hours
after meal: P=.001)

• Overall, neonatal complica-
tions were lower in the IG
(38.1%) than in the CG
(53.7%; P=.006)

• Birth weight or macrosomia
• Admission to the NICU
• Neonatal jaundice or hyper-

bilirubinemia
• Neonatal hypoglycemia
• Apgar score
• Shoulder dystocia
• Neonatal respiratory morbid-

ity
• Neonatal death

• Mental and emotional
health outcomes

• Depression
• Anxiety
• Compliance

• Glycemic control:
• Longitudinal glycemic

control
• Need for insulin

• Maternal outcomes:
• Delivery mode—CS,

vaginal, or vacuum
• PIH or pre-eclampsia
• Weight gain
• Gestational week of

delivery
• Need for insulin

Yew et al
[36], 2021

• Women in the CG reached
optimal glycemic control
(maximum insulin dose)
quicker than women in the
IG (mean 4.3, SD 4.2 weeks
vs mean 7.6, SD 4.5 weeks;
P<.001) and had fewer in-
sulin titrations (P=.04)

• Admission to the NICU
• Macrosomia or infant or

birth weight

• Health service use• Glycemic control:

• Longitudinal glycemic con-
trol

• Insulin dose

• Maternal outcomes:

• Delivery mode—CS, vagi-
nal, or vacuum

Rasekaba et al
[38], 2018

aBG: blood glucose.
bFBG: fasting BG.
c2hBG: 2-hour BG.
dPROM: premature rupture of membranes.
eCS: cesarean section.
fN/A: not applicable.
gIG: intervention group.
hCG: control group.
i1hBG: 1-hour BG.
jPIH: pregnancy-induced hypertension.
kNICU: neonatal intensive care unit.
lIVR: interactive voice response.
mOGTT: oral glucose tolerance test.
nBP: blood pressure.
oGDU: gestational diabetes unit.
pOR: odds ratio.

Glycemic Control
Interventions targeting pregnant women with GDM primarily
focused on glycemic control. The apps and telemedicine
interventions enabled the women to transmit their blood glucose
measurements and receive feedback or alerts on their glucose

values as well as treatment recommendations. A total of 79%
(11/14) of the studies examined glycemic control following the
intervention. In total, 14% (2/14) of the studies (WeChat and
Guo et al [34]—Dnurse app) reported significant differences in
fasting plasma glucose, 2-hour fasting blood glucose, 1-hour
postprandial [33,34], and HbA1c before delivery [34]. In 14%

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37844 | p.52https://www.jmir.org/2022/10/e37844
(page number not for citation purposes)

Birati et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


(2/14) of the studies (Miremberg et al [41] and Yew et al
[36]—Habits-GDM), pregnant women’s longitudinal mean
blood glucose values were lower [36,41], and 21% (3/14) of
the studies (Carral et al [30]—DiabeTIC, Rasekaba et al
[38]—TeleGDM, and Miremberg et al [41]) reported a decrease
in the need for insulin therapy in the intervention group.

Maternal Outcomes
A total of 79% (11/14) of the studies compared maternal
outcomes between women who participated in the intervention
and those in the control group receiving usual standard care.
The delivery mode included CS, vaginal, or vacuum. Only 9%
(1/11) of the studies reported significantly lower rates of
cesarean delivery in the intervention group than in the control
group (Mackillop et al [40]). Guo et al [34] found significant
differences in weight gain in favor of the intervention group in
comparison with the control group (Dnurse app).

Maternal Lifestyle Measurements
A total of 71% (10/14) of the studies evaluated women’s
lifestyle outcomes. These outcomes included engagement with
their health condition, depression and anxiety, satisfaction,
compliance, use of the system, and changes in the number of
clinical visits. In the Pregnant+ app intervention, 84% of the
women reported that the app increased engagement with their
health compared with 64% in the control group (P<.01) [25].
Another study showed that women in the intervention group
transmitted more glucose measurements [37]. A lower number
of patient visits was reported in 30% (3/10) of these studies
(Pérez-Ferre et al [29], Carral et al [30]—DiabeTIC, and Guo
et al [34]—Dnurse app), and higher patient compliance
following the intervention was found in 30% (3/10) of the
studies (Guo et al [34]—Dnurse app, Mackillop et al [40], and
Miremberg et al [41]). Overall, satisfaction with care was found
to be significantly higher in only 10% (1/10) of the studies
(Mackillop et al [40]).

Neonatal Outcomes
Neonatal outcomes were examined in 79% (11/14) of the
studies. Only 9% (1/11) of these studies found a significantly
lower difference in the composite overall neonatal complications
(birth trauma, hypoglycemia, hyperbilirubinemia, respiratory
distress, neonatal intensive care unit admission, and perinatal
death) in the intervention group compared with the control
group. However, no differences were found in each outcome
individually (Yew et al [36]—Habits-GDM).

Discussion

Principal Findings
The use of mHealth apps and digital platforms as a resource for
information and pregnancy follow-up among pregnant women
is rising. However, digital mHealth interventions require
consideration of users’ cognitive and technical skills, education
level, and digital literacy level and of cultural appropriateness
in addressing dietary preferences and religious customs. These
factors are crucial not only to enhance the use of an mHealth
app but also to promote better outcomes for pregnant women

from diverse ethnic and socioeconomically disadvantaged
populations.

This review highlighted that, although existing digital
technologies may improve glycemic control and diabetes
self-management, there is a consistent deficit in assessing for
cultural and digital health literacy appropriateness for pregnant
women diagnosed with GDM. Only 17% (2/12) of the
interventions addressed language diversity, dietary habits, and
culturally appropriate recipes for their patients [36,43]. Only
25% (3/12) of the interventions received a score of ≥3 for digital
health literacy appropriateness in our assessment [25,26,30,37].
Owing to the limited evidence that exists, it is hard to understand
how participants’ cultural customs and preferences, as well as
their level of digital health literacy, affected the interventions’
effectiveness or were associated with better maternal and infant
health outcomes.

Assessment of digital health literacy and cultural needs is
essential to identify obstacles and barriers to the adoption and
use of mHealth and telemedicine systems and enhance the
usability of any technology for health care. We found, for
example, that only 17% (2/12) of the interventions trained
patients on how to use the applications [33,37], and 6% (1/17)
of the studies identified technological literacy as a barrier to
using the service [50]. In 2021, the World Health Organization
released its Global Strategy on Digital Health 2020-2025. The
report emphasizes that, as digital health systems and
interventions become more common, literacy will become a
crucial determinant in the adoption of these technologies [54].

Many different measurements for digital and health literacy
exist in the literature [55], but guidelines for the design and
development of appropriate digital health interventions,
especially for an audience with low literacy levels, are still
scarce. In 2001, the US Department of Health and Human
Services, Office of Minority Health, published the National
Standards for Culturally and Linguistically Appropriate Services
in Health and Health Care to assist health care providers in
becoming culturally competent and sensitive [56]. These 14
standards are a call to action and include, for example, language
assistance services both verbally and in writing as well as
training of staff. Thus, although there is increasing awareness
of providing suitable care for patients with diverse values,
beliefs, and behaviors, it is not yet part of the strategic planning
included in the design of digital apps and technologies for
women diagnosed with GDM.

It is important to also address the major limitation in GDM
studies because of the lack of international consensus between
countries (eg, the United States, Europe, and Australia) or health
organizations (eg, the American Diabetes Association, American
College of Obstetricians and Gynecologists, World Health
Organization, European Board, and College of Obstetrics and
Gynecology) on GDM screening methods and diagnosis
threshold criteria. Different approaches exist, and there is no
one standard treatment protocol [57,58]. Therefore, it is difficult
to compare the effectiveness of therapies and mHealth and
telehealth interventions between different countries because of
the variety in the standards of care and the influence of local
practices. Tsakirdis et al [59], in their review on national and
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international guidelines for diagnosis and management of GDM,
presented similarities and differences between countries and
organizations. In their conclusions, they emphasized the need
for future research to resolve guideline conflicts and provide 1
international standard protocol for the screening and
management of women with GDM.

An additional limitation we observed in studies reporting on
GDM mHealth apps relates to the study sample size. The studies
included in this review did not report in the methods section on
the power analysis calculation that they conducted to determine
their study sample size. Moreover, many studies (5/13, 38%)
reported on small intervention groups. A small sample size can
result in an underpowered study, which can lead to biased
conclusions regarding the effectiveness of the interventions.

Strengths and Limitations
This review has several strengths and limitations that need to
be acknowledged. The framework we used provided us with
the foundation for a rigorous and transparent method to conduct
this scoping review. A comprehensive literature search was
conducted, and the papers retrieved were screened and selected
by 2 independent reviewers (YS and SS). Both reviewers met
on a regular basis for discussions and to resolve disagreements.

However, our search was restricted to the English language.
Manuscripts that were published in other languages were
excluded, and it could be that their interventions were relevant.
An additional limitation may be a result of our search focusing
on studies published between 2010 and 2021. Technologies
evolve and change day by day. Computers and mobile phone
generations continue to improve over time, and there may be a
difference in our evaluation because of improved technological
abilities over the years.

Conclusions and Future Directions
This review explored the published literature on digital
interventions for GDM. Although studies on digital technologies
for health self-management exist, this review found only 12
published interventions and fewer studies that evaluated and
designed the technology for pregnant women diagnosed with
GDM in accordance with the patients’cultural needs and digital
health literacy levels. Thus, there is insufficient evidence
regarding the effectiveness and benefits of mHealth and
telemedicine systems for women from diverse backgrounds.
Future research is needed to better understand how best to adapt
and implement cultural and literacy factors in the design of
digital technology for GDM management.
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Abstract

Background: While many digital mental health interventions (DMHIs) have been found to be efficacious, patient engagement
with DMHIs has increasingly emerged as a concern for implementation in real-world clinical settings. To address engagement,
we must first understand what standard engagement levels are in the context of randomized controlled trials (RCTs) and how
these compare with other treatments.

Objective: This scoping review aims to examine the state of reporting on intervention engagement in RCTs of mobile app–based
interventions intended to treat symptoms of depression. We sought to identify what engagement metrics are and are not routinely
reported as well as what the metrics that are reported reflect about standard engagement levels.

Methods: We conducted a systematic search of 7 databases to identify studies meeting our eligibility criteria, namely, RCTs
that evaluated use of a mobile app–based intervention in adults, for which depressive symptoms were a primary outcome of
interest. We then extracted 2 kinds of information from each article: intervention details and indices of DMHI engagement. A
5-element framework of minimum necessary DMHI engagement reporting was derived by our team and guided our data extraction.
This framework included (1) recommended app use as communicated to participants at enrollment and, when reported, app
adherence criteria; (2) rate of intervention uptake among those assigned to the intervention; (3) level of app use metrics reported,
specifically number of uses and time spent using the app; (4) duration of app use metrics (ie, weekly use patterns); and (5) number
of intervention completers.

Results: Database searching yielded 2083 unique records. Of these, 22 studies were eligible for inclusion. Only 64% (14/22)
of studies included in this review specified rate of intervention uptake. Level of use metrics was only reported in 59% (13/22) of
the studies reviewed. Approximately one-quarter of the studies (5/22, 23%) reported duration of use metrics. Only half (11/22,
50%) of the studies reported the number of participants who completed the app-based components of the intervention as intended
or other metrics related to completion. Findings in those studies reporting metrics related to intervention completion indicated
that between 14.4% and 93.0% of participants randomized to a DMHI condition completed the intervention as intended or
according to a specified adherence criteria.

Conclusions: Findings suggest that engagement was underreported and widely varied. It was not uncommon to see completion
rates at or below 50% (11/22) of those participants randomized to a treatment condition or to simply see completion rates not
reported at all. This variability in reporting suggests a failure to establish sufficient reporting standards and limits the conclusions
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that can be drawn about level of engagement with DMHIs. Based on these findings, the 5-element framework applied in this
review may be useful as a minimum necessary standard for DMHI engagement reporting.

(J Med Internet Res 2022;24(10):e39204)   doi:10.2196/39204

KEYWORDS

mHealth; mobile apps; engagement; adherence; randomized controlled trials; depression

Introduction

Digital mental health interventions (DMHIs) are a promising
avenue for accessible treatment for people with widespread and
debilitating mental health issues such as depression. The field
of psychiatry continues to struggle with an insufficient supply
of highly trained providers able to offer evidence-based services
who are accessible in terms of location and cost. While
face-to-face, evidence-based psychotherapy remains the first-line
treatment option for mild to moderate depression [1], emerging
literature on DMHIs suggests that these too could be an effective
stand-alone or supplemental treatment option [2,3]. These
interventions have, therefore, generated significant public
interest as they are more accessible and lower cost than
face-to-face psychotherapy.

As interest has mounted, however, so too have concerns about
low patient engagement with these interventions. In the last 10
years, several large implementation studies of DMHIs have
shown that the majority of patients offered these interventions
do not engage at the recommended frequency or complete the
full course of treatment [4-6]. In a large implementation study,
Gilbody et al [7] concluded that “while [DMHIs] have been
shown to be efficacious in developer led trials, [they were] not
effective in usual NHS care settings. The main reason for this
was low adherence and engagement with treatment rather than
lack of efficacy.” Such low engagement rates threaten the
clinical viability of these treatments.

DMHI engagement has been defined as a patient’s initial
adoption and sustained interactions with an intervention [8-10].
Within the broader construct of engagement, intervention
adherence refers to the extent to which participants engage in
the content of the intervention as intended. In the context of
randomized controlled trials (RCTs) intervention adherence can
be reported as the number of intervention completers with the
criteria for completion being clearly specified. However, within
the broader construct of engagement, other metrics, such as the
rate at which participants download and initiate intervention
use (ie, uptake), degree or level of use of the intervention, and
duration of use of the intervention are also relevant.

Engagement is particularly important to consider in RCTs
because low intervention engagement poses a threat to the
validity of conclusions drawn. It could lead to underestimating
the intervention effect especially if a dose-response relationship
exists [11]. Furthermore, as discussed by Eysenbach [12], if a
participant did not significantly engage with an intervention, it
is difficult to conclude that the intervention produced a positive
outcome even if such outcomes were observed. In these cases,
we are left with questions about the extent to which confounding
variables, such as attention from study staff, could have

produced any observed intervention effect. Finally, when degree
of intervention engagement is not clearly described in
manuscripts, we lose information on how an intervention must
be used to achieve observed effects. For example, if an 8-week
intervention period was studied and a positive intervention effect
was observed, but 70% of participants only used the intervention
for the first 2 weeks of the intervention period, we may conclude
that just 2 weeks of use may be producing positive results.
Alternatively, we may conclude that a certain level of effect
could be expected after 2 weeks of use, whereas a different,
perhaps more pronounced effect, could be expected after 8
weeks of use.

The concept of what constitutes sufficient engagement with
DMHIs is inherently messier than for some other types of mental
health interventions. For example, sufficient engagement with
antidepressant medications typically means taking a daily pill.
In psychotherapy, sufficient engagement is typically defined as
attending all planned psychotherapy sessions. Use of medication
and appointment attendance are clear quantitative adherence
metrics. In the case of DMHIs, however, heterogeneity in
intervention design leaves us with considerably less clarity on
appropriate intervention adherence metrics. Some DMHIs, such
as the Get Happy Program [13], consist of a series of lessons
or modules that are designed to be completed in a sequential
fashion over a specified number of weeks. These programs
mirror face-to-face therapy programs where there is an
assumption of some established weekly content review or
dedicated time commitment. Other DMHIs are designed to be
used more frequently for briefer periods. For example,
IntelliCare [14] is designed to be used on a daily basis, but
length of time in the app is not prescribed. Still, other
interventions (eg, the MONARCA System [15]) consist
primarily of symptom monitoring and are designed to be used
frequently to inform and support clinician-based care.

This inherent heterogeneity of DMHIs makes engagement
difficult to compare across studies. It also calls for consideration
of what constitutes appropriate reporting related to both the
larger construct of engagement and the narrower construct of
adherence. To date, reviews and meta-analyses related to
engagement with DMHIs have tended to focus on related, but
distinct concepts. For example, study dropout or study attrition
has been evaluated as a proxy for treatment dropout, with
findings suggesting significant dropout [16-18]. Similarly,
user-rated acceptability and feasibility have been evaluated as
proxies for engagement [19]. Finally, several recent reviews
have explored variables related to user engagement with DMHIs
[8,9,18]. However, to date, no review to our knowledge has
explored the actual level of user engagement in RCTs of DMHIs.
Therefore, the objective of this scoping review was to examine
reporting on user engagement in RCTs of mobile app–based
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interventions for symptoms of depression. Specifically, we
sought to identify (1) the extent to which key engagement
metrics are routinely reported and (2) what the metrics that are
reported reflect about standard levels of engagement.

Methods

The creation of this report was guided by the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) Extension for Scoping Reviews (Multimedia
Appendix 1) [20].

Information Sources and Search Strategy
A systematic search was conducted using OvidSP to search 7
electronic databases, MEDLINE, Embase, Cochrane Central
Register of Controlled Trials, Allied and Complementary
Medicine, Health Management Information Consortium, Health
Technology Assessment, and PsycINFO, for articles published
through May 1, 2020 (Table 1). The search was conducted on
May 7, 2020. In brief, the search strategy combined synonyms
for the population of interest (patients with mental illness), the
intervention modality (mobile phone apps), and the type of
study (RCT). Search results were limited to the English language
and studies of humans.

Table 1. Search strategy as used in OvidSP on May 7, 2020.

Search termsSearch category

“depression” OR “depressive” OR “mental illness” OR “mental health” OR “mood disorder” OR “affective disorder”
OR “anxiety” OR “panic disorder” OR “phobia” OR “bipolar” OR “psychosis” OR “schizophr*” AND

Population

“smartphone*” OR “mobile phone*” OR “cell phone*” OR “iphone” OR “android” OR “mhealth” OR “mobile
application” OR “phone application” AND

Intervention

“randomised” OR “randomized” OR “randomly” OR “random assignment” OR “controlled trial” OR “clinical
trial” OR “control group” OR “intervention”

Type of study

OvidSPPlatform used

Ovid MEDLINE, Embase, Cochrane Central Register of Controlled Trials, Allied and Complementary Medicine,
Health Management Information Consortium, Health Technology Assessment, and PsycINFO

Databases selected for search

Inclusion and Exclusion Criteria
Only articles published in peer-reviewed journals were included.
Articles were deemed eligible if they were RCTs of mobile
app–based interventions targeting adults (aged >18) with clinical
depression, in which depressive symptoms were a primary
outcome of interest, and retention in posttreatment assessments
was reported. We defined a mobile app–based intervention as
one that required use of a mobile device app as part of the
treatment.

We defined studying a “clinically depressed” sample as meeting
at least one of the following criteria: (1) eligibility criteria
requiring participants to have scores on a depression self-report
measure over an established clinical cutoff; (2) eligibility criteria
requiring participants to have a psychiatric diagnosis per their
medical record or per a structured clinical interview; or (3)
reported average baseline scores on a depression self-report
measure above an established clinical cutoff in all groups. When
there was ambiguity on the established clinical cutoff for a
self-report measure, we used the lowest published cutoff score.

At least two independent reviewers judged article eligibility
(JML, JGL, or RVB), with any disagreements resolved through
mediation with a third reviewer (TPH). The screening process
began with title and abstract review followed by a full-text
review of any articles that appeared potentially relevant based
on the abstract/title review or where there was insufficient
information in the abstract to determine eligibility.

Data Extraction and Synthesis
Data extraction occurred in 3 parts. First, data were extracted
by one author (JGL or RVB). Next, the rationale for each
datapoint and where it came from in the original articles were

reviewed with JML. Finally, all datapoints considered
ambiguous or disagreements between the authors who completed
the initial data extraction and JML were reviewed with one
additional author (TPH).

Two kinds of information were extracted from each article.
First, intervention details were extracted, including the (1)
clinical population, (2) length of the treatment period, (3) a
description of the study conditions, (4) total sample size in each
condition, and (5) whether human support by a coach or licensed
clinician was offered as part of the intervention.

Second, a 5-element framework of minimum necessary DMHI
engagement reporting, developed by our study team, was used
to extract key descriptive and numeric indices of participant
engagement with the intervention. Elements in this framework
were as follows: (1) recommended intervention app use as
communicated to participants at enrollment and, when reported,
intervention app adherence criteria; (2) rate of uptake, defined
as the number and percentage of participants randomized to the
intervention who engaged with their assigned app at all; (3)
level of intervention app use metrics, specifically number of
times participants used the app and amount of time participants
spent in the app; (4) duration of intervention app use metrics
(ie, whether weekly use patterns were reported and the number
and percentage of participants who used the app in the final
week of the intervention period); and (5) number and percentage
of participants randomized who could be considered intervention
completers. Furthermore, for context, we identified whether
studies used backend data or other methods (such as self-report)
to quantify app usage and extracted any additional data presented
on intervention engagement.
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Results

Selection and Inclusion of Studies
The full systematic search retrieved a total of 3137 records
(Figure 1). Following the removal of duplicate articles across

electronic databases, 2083 articles were screened at the
title-and-abstract phase. This identified 150 articles as
potentially eligible, which were subsequently screened in full.
Full-text screening resulted in the exclusion of 128 articles for
reasons specified in Figure 1. A total of 22 independent studies
[13,15,21-40] were ultimately eligible for inclusion.

Figure 1. PRISMA Search Diagram.

Characteristics of Included Studies
Detailed study characteristics are presented in Table 2. While
all 22 studies included a clinically depressed sample and
symptoms of depression as a primary outcome, the target
populations differed. Of the 22 eligible studies, the following
target populations were recruited: depression (n=13), suicidal
ideation (n=1); depression or anxiety (n=3); bipolar disorder
(n=1); medical population with clinically significant symptoms
of depression (n=2); community sample (n=1); and college
students (n=1). Intervention periods ranged from 2 weeks to 6
months and sample sizes ranged from 30 to 720. Interventions

evaluated included a range of human support: 11 were entirely
self-help interventions involving no human support, 9 involved
a licensed clinician, 1 involved a clinical coach, and 1 included
clinical support from research staff for whom licensure status
was not specified. For descriptive purposes, apps studied were
assigned to 1 of 3 categories: those intended to be used as daily
self-management/skill-building tools (n=13); those intended to
provide support in the context of clinician-administered care or
to facilitate communication with clinicians (n=5); and treatments
involving a discrete number of lessons/modules typically to be
completed on a weekly basis (n=4).
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Table 2. Study characteristics.

App categoryHuman contactSample
size

ConditionsTreatment periodClinical populationStudy

Daily self-manage-
ment/skill building

Arean et
al [21]

••••• None209Project: EVO (gamified cognitive train-
ing app)

4 weeksDepression
•• None211

• iPST (problem-solving therapy app) • None• 206
• Health Tips (app providing daily tips for

improved health; control)

Daily self-manage-
ment/skill building

Bakker
et al
[22]

••••• None78MoodKit (CBTa-based app with a vari-
ety of tools)

30 daysCommunity
sample •• None78

•• None78• MoodPrism (self-monitoring mood-
tracking app) •• None78

• MoodMission (CBT-based app that rec-
ommends CBT strategies in response to
user-reported low moods and anxious
feelings)

• Waitlist (control)

Daily self-manage-
ment/skill building

Birney
et al
[23]

••••• None150MoodHacker (CBT-based depression
management app based on the “Coping
with Depression” program)

6 weeksDepression
•• None150

• Alternate care group (emailed links to
6 websites with depression information;
control)

Daily self-manage-
ment/skill building

Bor-
jalilu et
al [24]

••••• None20Aramgar stress management app
(mindfulness-based stress reduction)

20 daysCollege stu-
dents ••• Clinician286 weeks

• Blended (Aramgar app for 20 days + 6
weeks of face-to-face therapy)

• ••6 weeks Clinician20

• Face-to-face therapy only

Daily self-manage-
ment/skill building

Dahne
et al
[25]

••••• None22¡Apívate! (Spanish language brief behav-
ioral activation mobile app)

8 weeksDepression
•• None9

• iCouch CBT (Spanish language CBT
mobile app; active control)

•• N/Ac11

• TAUb (control)

Daily self-manage-
ment/skill building

Dahne
et al
[26]

••••• None24Moodivate (brief behavioral activation
mobile app)

8 weeksDepression
•• None19

• MoodKit (CBT mobile app; active con-
trol)

•• N/A9

• TAU (control)

Support for appoint-
ments/interaction
with clinician

Fau-
rholt-
Jepsen
et al
[15]

••••• Clinician39MONARCA system (daily self-monitor-
ing app with feedback from clinician)

6 monthsBipolar disor-
der •• Clinician39

• Placebo MONARCA (Android cell-
phone and TAU; control)

Daily self-manage-
ment/skill building

Fitz-
patrick
et al
[27]

••••• None34Woebot (CBT-oriented conversational
agent app)

2 weeksDepression or
anxiety •• None36

• “Depression in College Students” eBook
created by the National Institute of
Mental Health (informational booklet;
control)

Discrete number of
lessons/modules

Guo et
al [28]

••••• Study staff
(unclear if
coach/clini-

150Run4Love (WeChat-based cognitive
behavioral stress management course
plus physical activity promotion)

3 monthsPatients with
HIV with de-
pression

• 150

cian)symptoms • Usual care (brochure on nutrition and
usual care for HIV; control) • None

Daily self-manage-
ment/skill building

Lüdtke
et al
[29]

••••• None44Be Good to Yourself app (40 self-help
strategies and exercises, based on CBT)

4 weeksDepression
•• None44

• Waitlist (control)
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App categoryHuman contactSample
size

ConditionsTreatment periodClinical populationStudy

Support for appoint-
ments/interaction

with cliniciand

• Clinician
• Clinician

• 40
• 41

• Behavioral activation smartphone app
• Mindfulness smartphone app

• 8 weeks• DepressionLy et al
[30]

Support for appoint-
ments/interaction
with clinician

• Clinician
• Clinician

• 46
• 47

• Blended treatment (4 face-to-face behav-
ioral activation sessions plus a smart-
phone app for support and suggestions
between sessions)

• Full behavioral activation (10 face-to-
face behavioral activation sessions;
control)

• 9 weeks
• 10 weeks

• DepressionLy et al
[31]

Discrete number of
lessons/modules

• Clinician
• Clinician

• 81
• 83

• Kokoro app (8 sessions, CBT-based self-
help app + antidepressant switch)

• Antidepressant switch (control)

• 9 weeks• DepressionMantani
et al
[32]

Daily self-manage-
ment/skill building

• None
• None

• 253
• 247

• Pacifica (guided CBT-based self-help
app)

• Waitlist (control)

• 1 month• Depression or
anxiety

Moberg
et al
[33]

Daily self-manage-
ment/skill building

• Coached
• None
• Half

coached
• Half

coached

• 150e

• 151
• 149
• 152

• IntelliCare platform with coach (12
apps, each focusing on a single psycho-
logical or behavioral strategy)

• IntelliCare platform self-guided
• IntelliCare platform with recommenda-

tions
• IntelliCare platform no recommenda-

tions

• 8 weeks• Depression or
anxiety

Mohr et
al [34]

Daily self-manage-
ment/skill building

• None
• None

• 25
• 21

• Executive function/processing speed
focused–computerized cognitive training

• Verbal ability–focused computerized
cognitive training

• 8 weeks• DepressionMotter
et al
[35]

Support for appoint-
ments/interaction
with clinician

• Clinician
• Clinician

• 60
• 69

• LifeApp’tite mobile app (suicide preven-
tion app provided alongside suicide
prevention psychotherapy protocol)

• TAU (suicide prevention psychotherapy
protocol; control)

• About 8
weeks
(range 8-16
weeks, at
clinician dis-
cretion)

• Patients re-
ferred for sui-
cidal thoughts

O’Toole
et al
[36]

Support for appoint-
ments/interaction
with clinician

• Clinician
• Clinician

• 35
• 33

• Usual care (in behavioral health clinic)
+ Cogito’s mobile sensing platform

• Usual Care (control)

• 6 months• Primary care
behavioral
health pa-
tients

Place et
al [37]

Discrete number of
lessons/modules

• None
• None
• None

• 242
• 248
• 230

• MyCompass Intervention (app with 12
skill-building modules derived from
CBT, interpersonal psychotherapy,
problem-solving therapy, and positive
psychology)

• Attention control (weekly mental health
fact sheet delivered to email inbox; ac-
tive control)

• Waitlist (control)

• 7 weeks• DepressionProud-
foot et
al [40]

Daily self-manage-
ment/skill building

• None
• None
• N/A

• 93
• 97
• 93

• CBT-PPT SB (SuperBetter game–like
app with additional content from cogni-
tive behavioral therapy and positive
psychotherapy)

• General SB (SuperBetter game–like app
with additional content focused on self-
esteem and acceptance)

• Waitlist (control)

• 4 weeks• DepressionRoepke
et al

[38]f
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App categoryHuman contactSample
size

ConditionsTreatment periodClinical populationStudy

Stiles-
Shields
et al
[39]

Daily self-manage-
ment/skill building

• Cliniciang
• Clinician
• N/A

• 10
• 10
• 10

• Boost Me (an app intervention based on
activity scheduling)

• Thought Challenger (an app intervention
based on thought restructuring)

• Waitlist control (control)

• 6 weeks• Depression

Discrete number of
lessons/modules

• Clinician
• Clinician

• 22
• 30

• Get Happy Program mobile app (6
lessons on how to manage depression
symptoms)

• Get Happy Program computer delivered

• 8 weeks• DepressionWatts et
al [13]

aCBT: cognitive behavioral therapy.
bTAU: treatment as usual.
cN/A: no treatment administered.
dThe intervention in Ly et al [30] contained elements of daily self-management/skill building, but completion was defined by interactions with a clinician
so this was deemed primarily an intervention to support appointments/interaction with a clinician.
eMohr et al [34] was a 2 × 2 factorial trial design. Group sample sizes specified here are not mutually exclusive.
fRoepke et al [38] reported that the SuperBetter intervention was targeted to occur on the iPhone, but could be used via a website on computers. This
study was deemed eligible because the intention was for it to be smartphone based.
gStiles-Shields et al [39] involved coaching, but is categorized as involving a clinician (not a coach) because the coach was a licensed clinician.

Reporting on Participant Engagement
Data extracted based on our 5-element framework are presented
in Table 3 (with additional details presented in Multimedia
Appendix 2). With the exception of Ludtke et al [29], all studies
that reported on app usage indicated using backend data from
the app to monitor app usage in the test condition(s). Ludtke et
al [29] only offered self-reported app usage data; 14/22 papers
(64%) reported the rate of app uptake defined as the number of
participants randomized to the intervention condition(s) who
engaged with the app at least once. Findings in those studies
reporting the rate of app uptake indicated that between 42% and
100% of those participants randomized to an app-based DMHI
condition engaged with the app at least once.

With regard to ongoing use, reports were varied. A total of 13
papers (59%) reported a level-of-use metric. The most common
level-of-used metric was number of sessions/launches (n=12).
Time spent in the app was a less popular level-of-use metric
(n=4). Fewer papers reported metrics on duration of use. Only
5 studies (23%) reported weekly use patterns over the course
of the intervention and the number of participants who were
still using the intervention during the last week of the treatment
period.

With regard to questions of whether participants completed the
intervention as intended, reporting was also varied. Table 3
describes the app intervention instructions given to participants
and app adherence criteria to the extent that these were specified
in each article. Only 3 studies clearly reported the number of
participants randomized to the DMHI who were considered to
have completed the app-based components of the intervention
as intended per specified intervention instructions. An additional
4 studies (footnote i in Table 3) reported the number of
participants who met a specified adherence threshold such as
using the intervention app once per week; 4 more studies
reported metrics related to intervention completion, including
percentage of patients who used the app on a daily basis (n=1;
footnote m); percentage of patients completing the intervention
based on a criterion defined by clinician contact rather than app
use (n=2; marked by footnote o); and percentage of participants
who downloaded all the intervention content (n=1; marked by
footnote t). Findings in those studies reporting metrics related
to intervention completion indicated that between 14.4% and
93.0% of participants randomized to a DMHI condition
completed the intervention as intended or according to a
specified app adherence criteria. Among the 11 studies reporting
this metric, 6 reported that less than or equal to 50% of
participants completed the intervention.
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Table 3. Treatment engagement metrics for digital mental health interventions.a

Completersc,
n (%) or %

Duration of useLevel of useRate of up-

takeb, n (%)

App use instructions or adher-
ence criteria

Study and intervention
name

Used in the
final week, n
(%) or %

Reported
weekly use
pattern

Minutes
spent using
the app,
mean (SD)

App uses

Arean et al [21]

30 (14.4)g,h,i42 (20.1)gYesNRfMean 10.78

(SD 11.4)e
177 (42.1)dUse app 6 times/week for 30

minutes/day (3 or more
times/week considered adherent)

Project: EVO

40 (19.0)g,h,i40 (19.0)gYesNR—j—jUse app as often as possible (1
or more times/week considered
adherent)

iPST

NRNRNoNRNRNRNo specific instructions, but dai-
ly advice was provided

Health Tips App

Bakker et al [22]

NRNRNoNRNRNRNo specific instructions reportedMoodKit

NRNRNoNRNRNRNo specific instructions reportedMoodPrism

NRNRNoNRNRNRNo specific instructions reportedMoodMission

Birney et al [23]

NRNRNo78 (78)Mean 16.0
(SD 13.3)

NRDaily app useMoodHacker

Borjalilu et al [24]

NRNRNoNRNRNRComplete recommended app ex-
ercises daily

Aramgar app

NRNRNoNRNRNRTwice/week face-to-face work-
shops plus daily app exercises

Aramgar app with
face-to-face therapy

Dahne et al [25]

11 (50)h,i11 (50)Yes65.8 (82.8)Mean 61.4
(SD 91.7)

22 (100)Use app once/day (1 or more
times/week considered adherent)

¡Apívate!

33g,h,i33gYesNRNRNRUse app once/day (1 or more
times/week considered adherent)

iCouch CBT

Dahne et al [26]

9 (50)h,i,k9 (50)kYes120.8
(101.0)

Mean 46.8
(SD 30.1)

21 (100)kUse the app once/day (1 or more
times/week considered adherent)

Moodivate

NRNRNoNRNRNRUse app once/dayMoodKit

Faurholt-Jepsen et al
[15]

93.0mNRNoNRNR34 (87.2)lUse app for self-monitoring dailyMONARCA

Fitzpatrick et al [27]

NRNRNoNRMean 12.14
(SD 2.23)

34 (100)Daily monitoring and “regular
check-ins”

Woebot

Guo et al [28]

NRNRNoNRNRNRComplete 9 cognitive behavioral
stress management sessions, 3

Run4Love

review sessions, and set weekly
physical activity goal

Lüdtke et al [29]

19 (43.2)nNRNoNRNR26 (59.1)nUse app “several times a week”Be Good to Yourself
app
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Completersc,
n (%) or %

Duration of useLevel of useRate of up-

takeb, n (%)

App use instructions or adher-
ence criteria

Study and intervention
name

Used in the
final week, n
(%) or %

Reported
weekly use
pattern

Minutes
spent using
the app,
mean (SD)

App uses

Ly et al [30]

25 (63.0)e,oNRNoNRNR81 (96.4)dAdd at least two behavioral goals
to the app and register/write a
reflection in the app when these
goals were completed

Behavioral activa-
tion smartphone app

32 (78.0)e,oNRNoNR—j—jUse audio tracks with exercises
to facilitate the practice of mind-
fulness

Mindfulness smart-
phone app

Ly et al [31]

42 (91.3)oNRNoNRNRNRNo specific instructions reportedBlended treatment

Mantani et al [32]

43 (53.1)p43 (53.1)YesNRMean 7.01

(SD 1.5)p
80 (98.76)Complete 8 mobile app sessions,

1 per week
CPT-Kokoro app

Moberg et al [33]

NRNRNoNRMedian 19
(range 1-

286)e

246 (97.2)No specific instructions reportedPacifica

Mohr et al [34]

136

(90.7)m,p
136 (90.7)qYesNRMedian 215

(IQR 141-
330.8)

143 (95.3)lNo specific instructions reported
(last app use at or after 7 weeks
considered adherent)

IntelliCare: coached

126

(83.4)m,p
126 (83.4)qYesNRMedian 218

(IQR 113-
310)

151 (100)lNo specific instructions reported
(last app use at or after 7 weeks
considered adherent)

IntelliCare: self-
guided

132

(88.6)m,p
132 (88.6)qYesNRMedian 232

(IQR 126-
356)

146 (98.0)lNo specific instructions reported
(last app use at or after 7 weeks
considered adherent)

IntelliCare: recom-
mendations

130

(85.5)m,p
130 (85.5)qYesNRMedian

201.5 (IQR
125.8-285.5)

148 (97.4)lNo specific instructions reported
(last app use at or after 7 weeks
considered adherent)

IntelliCare: no rec-
ommendations

Motter et al [35]

NRNRNo168.3 (69.0)NRNRUse app 15 minutes/day 5
days/week

Executive func-
tion/processing

speed–focused CCTr

NRNRNo363.8
(253.4)

NRNRUse app 15 minutes/day 5
days/week

Verbal ability–fo-
cused CCT

O’Toole et al [36]

NRNRNoNRNR50 (83.3)At discretion of therapists to de-
cide frequency of app use

LifeApp’tite

Place et al [37]

NRNRNoNRNRNRRecord weekly audio notes on
mood and complete weekly self-
reports

Cogito

Proudfoot et al [40]

NRNRNoNRMean 14.7

(SD 16.7)p
NRComplete a minimum of 2 mod-

ules and monitor at least three
moods or behaviors

MyCompass
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Completersc,
n (%) or %

Duration of useLevel of useRate of up-

takeb, n (%)

App use instructions or adher-
ence criteria

Study and intervention
name

Used in the
final week, n
(%) or %

Reported
weekly use
pattern

Minutes
spent using
the app,
mean (SD)

App uses

Roepke et al [38]

31 (33.3)sNRNoNRMean 21.5
(SD 34.3),
median

9.5d,e

72 (77.4)Use app 10 minutes/dayCBT-PPT SuperBet-
ter

64 (66.0)sNRNoNR—j72 (74.23)Use app 10 minutes/dayGeneral SuperBetter

Stiles-Shields et al [39]

NRNRNoNRMean 97.710 (100)lNo specific instructions reportedBoost Me

NRNRNoNRMean 33.57 (70)lNo specific instructions reportedThought Challenger

Watts et al [13]

10 (45.5)pNRuNouNRMean 5.1

(SD 1.6)e,t
15 (68.2)lComplete 6 lessons and associat-

ed homework
Get Happy Program
Mobile App

aTable includes all treatment conditions that involved a mobile app component.
bRate of uptake: number of participants randomized to the intervention who used it at least once.
cCompleter: participants who completed the intervention as intended per intervention instructions or per specified adherence criteria.
dReported metric cut across treatment groups.
eOnly included participants who logged onto the app at least once.
fNR: not reported.
gEstimate based on figure, exact number not reported.
hAssumes participants who met adherence criteria during the last week also met adherence criteria in previous weeks. For example, in a 4-week
intervention, those reported to have used the app in week 4 also used in weeks 1-3.
iCompletion refers to meeting a specified adherence criteria involving app use not to complying with intervention use instructions.
jMetrics were only reported across conditions rather than for each group independently; all numbers are rounded to 1 decimal place.
kOwing to technical issues, data on rate of uptake were only available in 21 participants and data on ongoing use were only available in 18 participants.
To calculate percentages presented, the number of people for whom data were available was used as the denominator.
lBased on reported numbers of participants who were randomized to the condition, but never started treatment. Reasons were not always related to
willingness/interest in trying the relevant app. For example, reason may have been that the participant was unresponsive to outreach to inform them of
their assigned treatment.
mArticle reports “93.03% (SD 15.6) of patients randomized to the intervention group evaluated the subjective items in the MONARCA system on a
daily basis.” Unclear if this refers to participants using the system an average of 93.03% of days or if it refers to 93.03% of the participants in the
intervention using it every day of the 6-month intervention period.
nAs use data were self-reported, these metrics only include those participants who completed the posttreatment assessment. To calculate percentages
presented, the total size of the treatment group was used as the denominator.
oCompletion was defined by clinician contact not app use.
pMetric takes into account all participants randomized to the condition even if they did not log onto the app.
qNumber represents the number of participants whose last use was week 7 or after.
rCCT: computerized cognitive training.
sRefers to the number of participants who downloaded all content.
tUses refers to lessons completed.
uNumber of lessons completed was reported, but lessons were not precisely 1 per week.

Discussion

Principal Findings
This scoping review has revealed that reporting on engagement
with DMHIs in RCTs is highly variable. A number of basic
metrics of intervention engagement, such as rate of intervention
uptake, weekly use patterns, and number of intervention

completers, were routinely not reported. When intervention
engagement metrics were reported, it was common to see low
levels of engagement. The variability in reporting and frequency
of low engagement when reported highlight the importance of
establishing minimum necessary reporting standards for
engagement in DHMI research.
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Only 64% (14/22) of studies included in this review specified
rate of uptake, defined as the number of participants randomized
to the intervention condition who used the app at least once.
Past research suggests that rate of uptake cannot be assumed,
especially in the context of fully remote, self-guided digital
interventions. Those studies that did report this metric showed
varied levels of uptake. For example, Arean at al [21] found
that over one-half of participants did not download their assigned
app, whereas Roepke et al [38] and Watts et al [13] found that
closer to one-quarter of participants did not download their
assigned app. The studies reviewed here varied in the type of
app and design so different rates of uptake may be expected,
but the extent of inconsistent reporting was surprising.

Level of use metrics, defined as both the number of app launches
and the amount of time the intervention was used, was only
reported in 59% (13/22) of the studies reviewed. These
metrics—specifically, average number of uses and average time
spent in the app—should be feasible to calculate when
researchers have access to activity log data of the tested app,
which was the case in most of the studies included. There can
be some complications reporting these metrics. For example, it
can be difficult to accurately report time spent in the app when
participants leave an app open on their device for longer than
they are actively using it. Similarly, apps can be launched only
to be closed in a matter of seconds. However, in cases where
these metrics are not appropriate for the intervention being
evaluated, we would have expected to see alternative metrics
such as number of clicks reported, but this was only the case in
1 of the reviewed studies [36].

Approximately one-quarter of studies (5/22, 23%) reported on
participant duration of use, defined as reporting both weekly
use patterns and the number of participants who used the app
in the final week of the intervention period. It is well
documented that, in general, mobile apps tend to be used heavily
when first downloaded and that use decreases over time [41].
Similarly, concerns related to sustained engagement with
web-based psychiatric interventions have been reported in
routine-care implementation studies [4-6,17]. Inconsistent use
of psychiatric intervention apps over time is an issue that needs
to be addressed if our field is to mature; however, addressing
this issue will be all the more difficult if such variations in use
are not adequately reported in our published literature. Data
from Dahne et al [25] provide an excellent example of how this
metric is useful to report alongside level of use. They reported
that 81.8% of participants in the intervention condition used the
app at least eight times (an average of at least once per week),
but only 51% of participants used the app during the last week.
Much like patterns of use with other popular apps, these data
suggest high initial use that declines over time.

In the context of intervention research, it is important to include
some clear metric of intervention adherence or completion. Yet
only 50% (11/22) of studies in this review clearly reported the
number of participants considered to have completed the
app-based components of the intervention as intended or other
metrics related to completion such as percentage of patients
who met a specified adherence threshold; percentage of patients
completing clinician-based components of the intervention; and
percentage of participants who downloaded all the intervention

content. Just like psychotherapy or medication use, mobile
app–based interventions incorporate some expected efficacious
dose into the instructions for use. The fact that use can be
accurately and objectively tracked from backend metrics is
highly encouraging, and distinguishes our field from other
treatment research (such as medication trials) where adherence
has historically been extremely difficult to reliably measure.
Further, completion need not be full use exactly as intended.
For example, Arean et al [21] specified that 50% compliance
with intervention instructions was considered completion.
Simply not discussing who uses mobile app depression
interventions as intended, however, will limit the potential for
insight into and utility of these interventions.

Finally, one of our objectives in this review was to quantify
standard level of engagement in RCTs of mobile app–based
depression interventions. Our data extraction led us to conclude
that with the current state of reporting, this is nearly impossible
to do. What we did conclude is that engagement at all
points—uptake, level, duration, and completion—is widely
varied. Moreover, it was not uncommon to see completion rates
at or below 50% of those participants randomized to a treatment
condition (n=6) or to simply see engagement rates not reported
at all (n=5).

Limitations
This scoping review has several limitations. First, this review
illustrates an important dilemma in the field of DMHI research,
but findings are limited to a subset of DMHI literature,
specifically only that involving depression interventions in
psychiatric samples with mobile app–based interventions. While
we expect our proposed reporting guidelines to be useful across
DMHIs, the extent to which the findings of this review carry
through to mobile app interventions in other areas of mental
health remains unclear. Second, our original goal in approaching
this scoping review was to quantify typical engagement with
DMHIs in RCTs; however, as we began the literature review,
we ascertained that this goal would be difficult given the
variability (and often absence) of metrics reported. This study,
therefore, represents a shift in objectives. Third, we only
reviewed papers from academic sources, which limits the kinds
of mental health apps we took into account. The quality and
objectivity of the data contained within independently published
reports from private industries on their own mental health apps
have yet to be reviewed. Finally, this review only evaluated
literature though May 2020. While there is no reason to expect
that reporting on engagement has improved, this work should
be conceptualized as only a starting point for a discussion of
appropriate reporting guidelines and future reviews or
meta-analyses on this topic are warranted.

Conclusions
The emerging field of DMHIs has reached a critical juncture:
intervention engagement has been widely recognized as the key
factor limiting DMHI clinical utility. This review illustrates that
engagement is variable and frequently underreported. Adopting
a set of reporting guidelines that specify the minimum necessary
information when publishing RCTs of DMHIs will provide new
insights into how to improve engagement in mental health apps;
allow for clear comparisons between DMHIs and other treatment
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options; and offer benchmarks upon which further research must
improve. Such reporting standards will complement the
expanding literature on user-centered evaluations of engaging
with digital health tools and interventions [42-44].

To this end, we suggest the 5-element framework applied in
this study be used to guide minimum necessary DMHI
engagement reporting standards. This framework includes the
following: (1) intervention instructions or adherence criteria,
defined as an explicit statement of what it means for participants
to have used an intervention as intended or met some minimum
intervention threshold; (2) rate of uptake, defined as the number
of participants randomized to the intervention who downloaded
the associated app(s) and used them at least once; (3) level of
use metrics, defined as both the number of app launches and
the amount of time the intervention was used (with alternative
metrics such as number of clicks appropriate if more suitable

for the intervention and justified); (4) duration of use, defined
as participants’ weekly use patterns; and (5) number of
completers, defined as the number of participants who completed
the intervention as intended per intervention instructions or per
specified adherence criteria. We believe this framework could
be a useful starting point to promote standards of reporting
within the field, with room for future iterations.

Certainly complexities exist when identifying and reporting
engagement with DMHIs given that these interventions vary
widely in content and format. The reporting guidelines that we
have suggested in response to our findings are intended both to
be broadly applicable across DMHIs and to challenge the field
to move past complexities and move toward greater transparency
and rigor. We hope this begins an important discussion on
reporting standards that will improve our understanding of how
to evaluate and optimize DMHIs.

 

Acknowledgments
JML was partially supported by an NIMH Mentored Patient-Oriented Career Development Award (K23MH120324) and an
NARSAD Young Investigator Grant from the Brian and Behavior Research Foundation. The authors acknowledge Britney Gluskin
for her assistance with title and abstract screening.

Conflicts of Interest
JF is supported by a UK Research and Innovation Future Leaders Fellowship (MR/T021780/1) and has received honoraria /
consultancy fees from Atheneum, Informa, Gillian Kenny Associates, Big Health, Nutritional Medicine Institute, ParachuteBH,
Richmond Foundation and Nirakara, independent of this work.

Multimedia Appendix 1
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) Checklist.
[DOCX File , 48 KB - jmir_v24i10e39204_app1.docx ]

Multimedia Appendix 2
Other DMHI use data reported. DMHI: digital mental health intervention.
[DOCX File , 27 KB - jmir_v24i10e39204_app2.docx ]

References
1. American Psychiatric Association. Practice Guideline for the Treatment of Patients With Major Depressive Disorder.

Washington, D.C: American Psychiatric Association; 2010:1-152.
2. Firth J, Torous J, Nicholas J, Carney R, Pratap A, Rosenbaum S, et al. The efficacy of smartphone-based mental health

interventions for depressive symptoms: a meta-analysis of randomized controlled trials. World Psychiatry 2017
Oct;16(3):287-298 [FREE Full text] [doi: 10.1002/wps.20472] [Medline: 28941113]

3. Linardon J, Cuijpers P, Carlbring P, Messer M, Fuller-Tyszkiewicz M. The efficacy of app-supported smartphone interventions
for mental health problems: a meta-analysis of randomized controlled trials. World Psychiatry 2019 Oct 09;18(3):325-336
[FREE Full text] [doi: 10.1002/wps.20673] [Medline: 31496095]

4. Gilbody S, Brabyn S, Lovell K, Kessler D, Devlin T, Smith L, REEACT collaborative. Telephone-supported computerised
cognitive-behavioural therapy: REEACT-2 large-scale pragmatic randomised controlled trial. Br J Psychiatry 2017
May;210(5):362-367. [doi: 10.1192/bjp.bp.116.192435] [Medline: 28254959]

5. Cavanagh K, Seccombe N, Lidbetter N. The Implementation of Computerized Cognitive Behavioural Therapies in a Service
User-Led, Third Sector Self Help Clinic. Behav. Cogn. Psychother 2011 Feb 22;39(4):427-442. [doi:
10.1017/s1352465810000858]

6. Hensel JM, Shaw J, Ivers NM, Desveaux L, Vigod SN, Cohen A, et al. A Web-Based Mental Health Platform for Individuals
Seeking Specialized Mental Health Care Services: Multicenter Pragmatic Randomized Controlled Trial. J Med Internet
Res 2019 Jun 04;21(6):e10838 [FREE Full text] [doi: 10.2196/10838] [Medline: 31165710]

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39204 | p.70https://www.jmir.org/2022/10/e39204
(page number not for citation purposes)

Lipschitz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i10e39204_app1.docx&filename=c23fb12988e75afd5a2cf518090b339c.docx
https://jmir.org/api/download?alt_name=jmir_v24i10e39204_app1.docx&filename=c23fb12988e75afd5a2cf518090b339c.docx
https://jmir.org/api/download?alt_name=jmir_v24i10e39204_app2.docx&filename=b84decaed7378dd4d0bdd9c085041d91.docx
https://jmir.org/api/download?alt_name=jmir_v24i10e39204_app2.docx&filename=b84decaed7378dd4d0bdd9c085041d91.docx
https://doi.org/10.1002/wps.20472
http://dx.doi.org/10.1002/wps.20472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28941113&dopt=Abstract
https://doi.org/10.1002/wps.20673
http://dx.doi.org/10.1002/wps.20673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31496095&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.116.192435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28254959&dopt=Abstract
http://dx.doi.org/10.1017/s1352465810000858
https://www.jmir.org/2019/6/e10838/
http://dx.doi.org/10.2196/10838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31165710&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Gilbody S, Littlewood E, Hewitt C, Brierley G, Tharmanathan P, Araya R, REEACT Team. Computerised cognitive
behaviour therapy (cCBT) as treatment for depression in primary care (REEACT trial): large scale pragmatic randomised
controlled trial. BMJ 2015 Nov 11;351:h5627 [FREE Full text] [doi: 10.1136/bmj.h5627] [Medline: 26559241]

8. Borghouts J, Eikey E, Mark G, De Leon C, Schueller SM, Schneider M, et al. Barriers to and Facilitators of User Engagement
With Digital Mental Health Interventions: Systematic Review. J Med Internet Res 2021 Mar 24;23(3):e24387 [FREE Full
text] [doi: 10.2196/24387] [Medline: 33759801]

9. Arnold C, Farhall J, Villagonzalo K, Sharma K, Thomas N. Engagement with online psychosocial interventions for psychosis:
A review and synthesis of relevant factors. Internet Interv 2021 Sep;25:100411 [FREE Full text] [doi:
10.1016/j.invent.2021.100411] [Medline: 34401370]

10. Baltierra NB, Muessig KE, Pike EC, LeGrand S, Bull SS, Hightow-Weidman LB. More than just tracking time: Complex
measures of user engagement with an internet-based health promotion intervention. J Biomed Inform 2016 Feb;59:299-307
[FREE Full text] [doi: 10.1016/j.jbi.2015.12.015] [Medline: 26732997]

11. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J Med Internet Res 2011 Aug 05;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772]
[Medline: 21821503]

12. Eysenbach G. The law of attrition. J Med Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

13. Watts S, Mackenzie A, Thomas C, Griskaitis A, Mewton L, Williams A, et al. CBT for depression: a pilot RCT comparing
mobile phone vs. computer. BMC Psychiatry 2013 Feb 07;13(1):49. [doi: 10.1186/1471-244x-13-49]

14. Mohr DC, Tomasino KN, Lattie EG, Palac HL, Kwasny MJ, Weingardt K, et al. IntelliCare: An Eclectic, Skills-Based App
Suite for the Treatment of Depression and Anxiety. J Med Internet Res 2017 Jan 05;19(1):e10 [FREE Full text] [doi:
10.2196/jmir.6645] [Medline: 28057609]

15. Faurholt-Jepsen M, Frost M, Ritz C, Christensen EM, Jacoby AS, Mikkelsen RL, et al. Daily electronic self-monitoring in
bipolar disorder using smartphones – the MONARCA I trial: a randomized, placebo-controlled, single-blind, parallel group
trial. Psychol. Med 2015 Jul 29;45(13):2691-2704. [doi: 10.1017/s0033291715000410]

16. Torous J, Lipschitz J, Ng M, Firth J. Dropout rates in clinical trials of smartphone apps for depressive symptoms: A
systematic review and meta-analysis. J Affect Disord 2020 Feb 15;263:413-419. [doi: 10.1016/j.jad.2019.11.167] [Medline:
31969272]

17. Melville KM, Casey LM, Kavanagh DJ. Dropout from Internet-based treatment for psychological disorders. Br J Clin
Psychol 2010 Nov;49(Pt 4):455-471. [doi: 10.1348/014466509X472138] [Medline: 19799804]

18. Amagai S, Pila S, Kaat AJ, Nowinski CJ, Gershon RC. Challenges in Participant Engagement and Retention Using Mobile
Health Apps: Literature Review. J Med Internet Res 2022 Apr 26;24(4):e35120 [FREE Full text] [doi: 10.2196/35120]
[Medline: 35471414]

19. Ng MM, Firth J, Minen M, Torous J. User Engagement in Mental Health Apps: A Review of Measurement, Reporting,
and Validity. Psychiatr Serv 2019 Jul 01;70(7):538-544 [FREE Full text] [doi: 10.1176/appi.ps.201800519] [Medline:
30914003]

20. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Ann Intern Med 2018 Sep 04;169(7):467. [doi: 10.7326/M18-0850]

21. Arean PA, Hallgren KA, Jordan JT, Gazzaley A, Atkins DC, Heagerty PJ, et al. The Use and Effectiveness of Mobile Apps
for Depression: Results From a Fully Remote Clinical Trial. J Med Internet Res 2016 Dec 20;18(12):e330 [FREE Full text]
[doi: 10.2196/jmir.6482] [Medline: 27998876]

22. Bakker D, Kazantzis N, Rickwood D, Rickard N. A randomized controlled trial of three smartphone apps for enhancing
public mental health. Behav Res Ther 2018 Oct;109:75-83. [doi: 10.1016/j.brat.2018.08.003] [Medline: 30125790]

23. Birney AJ, Gunn R, Russell JK, Ary DV. MoodHacker Mobile Web App With Email for Adults to Self-Manage
Mild-to-Moderate Depression: Randomized Controlled Trial. JMIR Mhealth Uhealth 2016 Jan 26;4(1):e8 [FREE Full text]
[doi: 10.2196/mhealth.4231] [Medline: 26813737]

24. Borjalilu S, Mazaheri MA, Talebpour A. Effectiveness of Mindfulness-Based Stress Management in The Mental Health
of Iranian University Students: A Comparison of Blended Therapy, Face-to-Face Sessions, and mHealth App (Aramgar).
Iran J Psychiatry Behav Sci 2019 May 12;13(2):84726. [doi: 10.5812/ijpbs.84726]

25. Dahne J, Collado A, Lejuez CW, Risco CM, Diaz VA, Coles L, et al. Pilot randomized controlled trial of a Spanish-language
Behavioral Activation mobile app (¡Aptívate!) for the treatment of depressive symptoms among united states Latinx adults
with limited English proficiency. J Affect Disord 2019 May 01;250:210-217 [FREE Full text] [doi: 10.1016/j.jad.2019.03.009]
[Medline: 30870770]

26. Dahne J, Lejuez C, Diaz VA, Player MS, Kustanowitz J, Felton JW, et al. Pilot Randomized Trial of a Self-Help Behavioral
Activation Mobile App for Utilization in Primary Care. Behav Ther 2019 Jul;50(4):817-827 [FREE Full text] [doi:
10.1016/j.beth.2018.12.003] [Medline: 31208690]

27. Fitzpatrick KK, Darcy A, Vierhile M. Delivering Cognitive Behavior Therapy to Young Adults With Symptoms of Depression
and Anxiety Using a Fully Automated Conversational Agent (Woebot): A Randomized Controlled Trial. JMIR Ment Health
2017 Jun 06;4(2):e19 [FREE Full text] [doi: 10.2196/mental.7785] [Medline: 28588005]

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39204 | p.71https://www.jmir.org/2022/10/e39204
(page number not for citation purposes)

Lipschitz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.bmj.com/lookup/pmidlookup?view=long&pmid=26559241
http://dx.doi.org/10.1136/bmj.h5627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26559241&dopt=Abstract
https://www.jmir.org/2021/3/e24387/
https://www.jmir.org/2021/3/e24387/
http://dx.doi.org/10.2196/24387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759801&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(21)00051-8
http://dx.doi.org/10.1016/j.invent.2021.100411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34401370&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00295-6
http://dx.doi.org/10.1016/j.jbi.2015.12.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26732997&dopt=Abstract
https://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://dx.doi.org/10.1186/1471-244x-13-49
https://www.jmir.org/2017/1/e10/
http://dx.doi.org/10.2196/jmir.6645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28057609&dopt=Abstract
http://dx.doi.org/10.1017/s0033291715000410
http://dx.doi.org/10.1016/j.jad.2019.11.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31969272&dopt=Abstract
http://dx.doi.org/10.1348/014466509X472138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19799804&dopt=Abstract
https://www.jmir.org/2022/4/e35120/
http://dx.doi.org/10.2196/35120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35471414&dopt=Abstract
https://europepmc.org/abstract/MED/30914003
http://dx.doi.org/10.1176/appi.ps.201800519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30914003&dopt=Abstract
http://dx.doi.org/10.7326/M18-0850
https://www.jmir.org/2016/12/e330/
http://dx.doi.org/10.2196/jmir.6482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998876&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2018.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30125790&dopt=Abstract
https://mhealth.jmir.org/2016/1/e8/
http://dx.doi.org/10.2196/mhealth.4231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26813737&dopt=Abstract
http://dx.doi.org/10.5812/ijpbs.84726
https://europepmc.org/abstract/MED/30870770
http://dx.doi.org/10.1016/j.jad.2019.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30870770&dopt=Abstract
https://europepmc.org/abstract/MED/31208690
http://dx.doi.org/10.1016/j.beth.2018.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31208690&dopt=Abstract
https://mental.jmir.org/2017/2/e19/
http://dx.doi.org/10.2196/mental.7785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28588005&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Guo Y, Hong YA, Cai W, Li L, Hao Y, Qiao J, et al. Effect of a WeChat-Based Intervention (Run4Love) on Depressive
Symptoms Among People Living With HIV in China: A Randomized Controlled Trial. J Med Internet Res 2020 Feb
09;22(2):e16715 [FREE Full text] [doi: 10.2196/16715] [Medline: 32044751]

29. Lüdtke T, Pult LK, Schröder J, Moritz S, Bücker L. A randomized controlled trial on a smartphone self-help application
(Be Good to Yourself) to reduce depressive symptoms. Psychiatry Res 2018 Nov;269:753-762. [doi:
10.1016/j.psychres.2018.08.113] [Medline: 30273901]

30. Ly KH, Trüschel A, Jarl L, Magnusson S, Windahl T, Johansson R, et al. Behavioural activation versus mindfulness-based
guided self-help treatment administered through a smartphone application: a randomised controlled trial. BMJ Open 2014
Jan 09;4(1):e003440 [FREE Full text] [doi: 10.1136/bmjopen-2013-003440] [Medline: 24413342]

31. Ly KH, Topooco N, Cederlund H, Wallin A, Bergström J, Molander O, et al. Smartphone-Supported versus Full Behavioural
Activation for Depression: A Randomised Controlled Trial. PLoS One 2015 May 26;10(5):e0126559 [FREE Full text]
[doi: 10.1371/journal.pone.0126559] [Medline: 26010890]

32. Mantani A, Kato T, Furukawa TA, Horikoshi M, Imai H, Hiroe T, et al. Smartphone Cognitive Behavioral Therapy as an
Adjunct to Pharmacotherapy for Refractory Depression: Randomized Controlled Trial. J Med Internet Res 2017 Nov
03;19(11):e373 [FREE Full text] [doi: 10.2196/jmir.8602] [Medline: 29101095]

33. Moberg C, Niles A, Beermann D. Guided Self-Help Works: Randomized Waitlist Controlled Trial of Pacifica, a Mobile
App Integrating Cognitive Behavioral Therapy and Mindfulness for Stress, Anxiety, and Depression. J Med Internet Res
2019 Jun 08;21(6):e12556 [FREE Full text] [doi: 10.2196/12556] [Medline: 31199319]

34. Mohr DC, Schueller SM, Tomasino KN, Kaiser SM, Alam N, Karr C, et al. Comparison of the Effects of Coaching and
Receipt of App Recommendations on Depression, Anxiety, and Engagement in the IntelliCare Platform: Factorial Randomized
Controlled Trial. J Med Internet Res 2019 Aug 28;21(8):e13609 [FREE Full text] [doi: 10.2196/13609] [Medline: 31464192]

35. Motter JN, Grinberg A, Lieberman DH, Iqnaibi WB, Sneed JR. Computerized cognitive training in young adults with
depressive symptoms: Effects on mood, cognition, and everyday functioning. J Affect Disord 2019 Feb 15;245:28-37. [doi:
10.1016/j.jad.2018.10.109] [Medline: 30366235]

36. O'Toole MS, Arendt MB, Pedersen CM. Testing an App-Assisted Treatment for Suicide Prevention in a Randomized
Controlled Trial: Effects on Suicide Risk and Depression. Behav Ther 2019 Mar;50(2):421-429. [doi:
10.1016/j.beth.2018.07.007] [Medline: 30824256]

37. Place S, Blanch-Hartigan D, Smith V, Erb J, Marci CD, Ahern DK. Effect of a Mobile Monitoring System vs Usual Care
on Depression Symptoms and Psychological Health: A Randomized Clinical Trial. JAMA Netw Open 2020 Jan
03;3(1):e1919403 [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.19403] [Medline: 31951270]

38. Roepke AM, Jaffee SR, Riffle OM, McGonigal J, Broome R, Maxwell B. Randomized Controlled Trial of SuperBetter, a
Smartphone-Based/Internet-Based Self-Help Tool to Reduce Depressive Symptoms. Games Health J 2015 Jun;4(3):235-246.
[doi: 10.1089/g4h.2014.0046] [Medline: 26182069]

39. Stiles-Shields C, Montague E, Kwasny MJ, Mohr DC. Behavioral and cognitive intervention strategies delivered via coached
apps for depression: Pilot trial. Psychol Serv 2019 May;16(2):233-238 [FREE Full text] [doi: 10.1037/ser0000261] [Medline:
30407055]

40. Proudfoot J, Clarke J, Birch M, Whitton AE, Parker G, Manicavasagar V, et al. Impact of a mobile phone and web program
on symptom and functional outcomes for people with mild-to-moderate depression, anxiety and stress: a randomised
controlled trial. BMC Psychiatry 2013 Nov 18;13:312 [FREE Full text] [doi: 10.1186/1471-244X-13-312] [Medline:
24237617]

41. Overall App Benchmarks H2 2017. Localytics. 2017. URL: https://uplandsoftware.com/localytics/resources/cheat-sheet/
overall-app-benchmarks-h2-2017/#:~:text=User%20Retention,-Average%20Three%20Month&
text=According%20to%20our%20data%2C%2043,month%20after%20they%20downloaded%20it [accessed 2022-09-01]

42. Nievas-Soriano BJ, García-Duarte S, Fernández-Alonso AM, Bonillo-Perales A, Parrón-Carreño T. Users evaluation of a
Spanish eHealth pediatric website. Comput Methods Programs Biomed 2021 Nov;212:106462 [FREE Full text] [doi:
10.1016/j.cmpb.2021.106462] [Medline: 34715515]

43. Schueller SM, Neary M, O'Loughlin K, Adkins EC. Discovery of and Interest in Health Apps Among Those With Mental
Health Needs: Survey and Focus Group Study. J Med Internet Res 2018 Jun 11;20(6):e10141 [FREE Full text] [doi:
10.2196/10141] [Medline: 29891468]

44. Lipschitz J, Miller CJ, Hogan TP, Burdick KE, Lippin-Foster R, Simon SR, et al. Adoption of Mobile Apps for Depression
and Anxiety: Cross-Sectional Survey Study on Patient Interest and Barriers to Engagement. JMIR Ment Health 2019 Jan
25;6(1):e11334 [FREE Full text] [doi: 10.2196/11334] [Medline: 30681968]

Abbreviations
AMED: Allied and Complementary Medicine
DMHI: digital mental health intervention
HMIC: Health Management Information Consortium
HTA: Health Technology Assessment

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39204 | p.72https://www.jmir.org/2022/10/e39204
(page number not for citation purposes)

Lipschitz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2020/2/e16715/
http://dx.doi.org/10.2196/16715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32044751&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2018.08.113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30273901&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=24413342
http://dx.doi.org/10.1136/bmjopen-2013-003440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24413342&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0126559
http://dx.doi.org/10.1371/journal.pone.0126559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26010890&dopt=Abstract
https://www.jmir.org/2017/11/e373/
http://dx.doi.org/10.2196/jmir.8602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29101095&dopt=Abstract
https://www.jmir.org/2019/6/e12556/
http://dx.doi.org/10.2196/12556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31199319&dopt=Abstract
https://www.jmir.org/2019/8/e13609/
http://dx.doi.org/10.2196/13609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31464192&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2018.10.109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30366235&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2018.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30824256&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2019.19403
http://dx.doi.org/10.1001/jamanetworkopen.2019.19403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31951270&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2014.0046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26182069&dopt=Abstract
https://europepmc.org/abstract/MED/30407055
http://dx.doi.org/10.1037/ser0000261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30407055&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-13-312
http://dx.doi.org/10.1186/1471-244X-13-312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24237617&dopt=Abstract
https://uplandsoftware.com/localytics/resources/cheat-sheet/overall-app-benchmarks-h2-2017/#:~:text=User%20Retention,-Average%20Three%20Month&text=According%20to%20our%20data%2C%2043,month%20after%20they%20downloaded%20it
https://uplandsoftware.com/localytics/resources/cheat-sheet/overall-app-benchmarks-h2-2017/#:~:text=User%20Retention,-Average%20Three%20Month&text=According%20to%20our%20data%2C%2043,month%20after%20they%20downloaded%20it
https://uplandsoftware.com/localytics/resources/cheat-sheet/overall-app-benchmarks-h2-2017/#:~:text=User%20Retention,-Average%20Three%20Month&text=According%20to%20our%20data%2C%2043,month%20after%20they%20downloaded%20it
https://linkinghub.elsevier.com/retrieve/pii/S0169-2607(21)00536-8
http://dx.doi.org/10.1016/j.cmpb.2021.106462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34715515&dopt=Abstract
https://www.jmir.org/2018/6/e10141/
http://dx.doi.org/10.2196/10141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29891468&dopt=Abstract
https://mental.jmir.org/2019/1/e11334/
http://dx.doi.org/10.2196/11334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30681968&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

Edited by T Leung; submitted 02.05.22; peer-reviewed by C Bedard, B Nievas Soriano; comments to author 29.05.22; revised version
received 20.07.22; accepted 19.08.22; published 14.10.22.

Please cite as:
Lipschitz JM, Van Boxtel R, Torous J, Firth J, Lebovitz JG, Burdick KE, Hogan TP
Digital Mental Health Interventions for Depression: Scoping Review of User Engagement
J Med Internet Res 2022;24(10):e39204
URL: https://www.jmir.org/2022/10/e39204 
doi:10.2196/39204
PMID:36240001

©Jessica M Lipschitz, Rachel Van Boxtel, John Torous, Joseph Firth, Julia G Lebovitz, Katherine E Burdick, Timothy P Hogan.
Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 14.10.2022. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39204 | p.73https://www.jmir.org/2022/10/e39204
(page number not for citation purposes)

Lipschitz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2022/10/e39204
http://dx.doi.org/10.2196/39204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36240001&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

The Effectiveness of Supervised Machine Learning in Screening
and Diagnosing Voice Disorders: Systematic Review and
Meta-analysis

Ghada Al-Hussain1, MSc; Farag Shuweihdi2, PhD; Haitham Alali3, PhD; Mowafa Househ4, PhD; Alaa Abd-alrazaq5,
PhD
1Department of Unified Health Record, Lean for Business Services, Riyadh, Saudi Arabia
2Leeds Institute of Health Sciences, School of Medicine, University of Leads, Leeds, United Kingdom
3Health Management Department, Faculty of Medical and Health Sciences, Liwa College of Technology, Abu Dhabi, United Arab Emirates
4Division of Information and Computing Technology, College of Science and Engineering, Hamad Bin Khalifa University, Qatar Foundation, Doha,
Qatar
5AI Center for Precision Health, Weill Cornell Medicine, Doha, Qatar

Corresponding Author:
Alaa Abd-alrazaq, PhD
AI Center for Precision Health
Weill Cornell Medicine
Education City, Qatar Foundation
PO Box 24144
Doha
Qatar
Phone: 974 55708549
Email: alaa_alzoubi88@yahoo.com

Abstract

Background: When investigating voice disorders a series of processes are used when including voice screening and diagnosis.
Both methods have limited standardized tests, which are affected by the clinician’s experience and subjective judgment. Machine
learning (ML) algorithms have been used as an objective tool in screening or diagnosing voice disorders. However, the effectiveness
of ML algorithms in assessing and diagnosing voice disorders has not received sufficient scholarly attention.

Objective: This systematic review aimed to assess the effectiveness of ML algorithms in screening and diagnosing voice
disorders.

Methods: An electronic search was conducted in 5 databases. Studies that examined the performance (accuracy, sensitivity,
and specificity) of any ML algorithm in detecting pathological voice samples were included. Two reviewers independently selected
the studies, extracted data from the included studies, and assessed the risk of bias. The methodological quality of each study was
assessed using the Quality Assessment of Diagnostic Accuracy Studies 2 tool via RevMan 5 software (Cochrane Library). The
characteristics of studies, population, and index tests were extracted, and meta-analyses were conducted to pool the accuracy,
sensitivity, and specificity of ML techniques. The issue of heterogeneity was addressed by discussing possible sources and
excluding studies when necessary.

Results: Of the 1409 records retrieved, 13 studies and 4079 participants were included in this review. A total of 13 ML techniques
were used in the included studies, with the most common technique being least squares support vector machine. The pooled
accuracy, sensitivity, and specificity of ML techniques in screening voice disorders were 93%, 96%, and 93%, respectively. Least
squares support vector machine had the highest accuracy (99%), while the K-nearest neighbor algorithm had the highest sensitivity
(98%) and specificity (98%). Quadric discriminant analysis achieved the lowest accuracy (91%), sensitivity (89%), and specificity
(89%).

Conclusions: ML showed promising findings in the screening of voice disorders. However, the findings were not conclusive
in diagnosing voice disorders owing to the limited number of studies that used ML for diagnostic purposes; thus, more investigations
are needed. While it might not be possible to use ML alone as a substitute for current diagnostic tools, it may be used as a decision
support tool for clinicians to assess their patients, which could improve the management process for assessment.

Trial Registration: PROSPERO CRD42020214438; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=214438
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Introduction

Background
Voice disorders are abnormalities in voice production that could
be due to lesions or abnormal modifications in the structure of
vocal folds [1]. In 2019, it was estimated that 16.9% of the
population in Sweden had voice disorders [2], and in 2014, it
was found that 1 in 13 adults in the United States develops voice
disorders every year [3]. This led to a loss of US $845 million
in the United States owing to missed working days among
employees with voice disorders [4,5]. At the individual level,
voice disorders can severely affect a patient’s social life and
mental health compared with other chronic disorders such as
back pain [6]. Thus, 4.3% of the patients with voice disorders
reported that they were unable to do certain job-related tasks
due to the disorder [7]; this especially affects professions that
have a high demand on the voice, for instance, teachers [8],
singers, or telephone operators [9]. Therefore, screening or
diagnosing voice disorders is essential to detect other related
health conditions such as laryngeal lesions that could be a
symptom of cancer [10]; thus, the diagnosis should be made as
soon as possible [11,12].

Diagnosing and screening voice disorders involve
auditory-perceptual and instrumental assessments. The
auditory-perceptual assessment is carried out by a qualified
speech and language therapist (SLT); in this assessment, the
SLT determines the quality of patients’ voice by listening to
their sustained vowel production; for example, the, aa, or sound
or continuous speech [13,14]. Furthermore, the instrumental
assessment involves laryngeal imaging to examine the structure
and function of vocal cords while the patient produces a vowel
sound; other techniques are also used including video
laryngeoendoscopy and video laryngostroboscopy examinations.
In addition, acoustic instruments were used to analyze acoustic
features (frequency, pitch, volume, and quality of sound) of
voice samples of patients to assess voice disorders by using
computer software [13-15]. Although the aforementioned
assessments are recognized by the American
Speech-Language-Hearing Association [13] and American
Academy of Otolaryngology-Head and Neck Surgery [16], there
is still a lack of standardized methods and guidelines to regulate
these or other assessments [17]. Therefore, several limitations
may pose a risk to the current assessment [18,19]. Although
each case is evaluated objectively (via instrumental techniques,
eg, stroboscopy), these objective tests include acoustic and
visual imaging and videos; the acoustic techniques reveal the
speech characteristics of the patient’s speech sample,
specifically, the frequency, intensity, loudness, and pitch, to
give the clinician insight into other indicators such as the
patient’s rate of speech or voice; for example, the voice may be
breathy or tremored [18]. Although these instrumental methods
enable clinicians to perform objective tests, the validity of the
tests largely depends on the auditory-perceptual skills of the

clinician [18]. This is because the clinician first assesses the
instrumental management or the patients’ pathway and then
chooses the type of instrumental assessment to be used.
Naturally, any mistake in the auditory-perceptual assessment
would affect the instrumental management, and thus, the whole
management of the case; such subjective judgment might not
be reliable as it relies on the clinician’s skills and experience
[18]. As the condition of each diagnosis or screening and the
level of experience differ in each case, severe cases might be
easier to diagnose or screen than mild cases; therefore, the
experience of the SLT and the reliability of their judgment on
each patient’s condition differ, and low interrater correlations
may occur (<0.9) [19]. Moreover, the agreement between
experienced and inexperienced SLTs was found to be <75%,
making the experience an essential part of the diagnosis or
screening [20].

Machine learning (ML) was introduced for speech sounds in
the early 1980s [21]. ML can be performed automatically by
analyzing acoustic features either from voice recordings samples
that are previously stored in a database such as the
Massachusetts Eye and Ear Infirmary (MEEI), which are
databases that stores a recordings of voice samples from patients
in clinical environments, these recordings either recorded
patients’ voices while pronouncing vowels such as in MEEI
[22] or continuous speech, or phrases such as in the
Saarbruecken Voice Database [23]. ML is also used to analyze
patients in the clinic by recording their voices via a microphone
[1,21,24]. ML was applied either as a differential diagnosis for
s, which involves diagnosing the voice sample as 1 of 2 diseases
(voice disorders a or voice disorders b), or for screening different
voice samples as either healthy or pathological voice. This
method has been used to improve the diagnosis and screening
process to be more objective. ML involves 2 different models:
classification (supervised learning) and clustering or
categorization (unsupervised learning) [25]. In the unsupervised
model, the algorithm categorizes and identifies relationships
within a data set [26]. By contrast, classification is a prediction
model that defines labels, for example, disease or not disease,
in clinical diagnosis [26], making it more common in diagnosing
[27].

Research Problem and Aim
Although several studies have investigated the effectiveness of
ML algorithms in detecting and diagnosing voice disorders, to
the best of our knowledge, only 1 review attempted to
summarize the evidence resulting from these studies [27].
However, there are several limitations in the review, including
the following: it did not exclude studies that did not validate
their ML outcomes by using validation techniques; it included
studies that relied on scientific but not technical or objective
solutions, and they relied on subjective assessment only; and it
did not assess the included studies against any risk of bias
assessment. Accordingly, this systematic review aimed to assess
the effectiveness of supervised ML algorithms in screening and
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diagnosing voice disorders. Thus, only supervised ML
techniques were considered because supervised ML algorithms
are more commonly used for diagnosing and detecting disorders.

Methods

This systematic review followed the Cochrane Library’s
systematic reviews for diagnostic test accuracy (DTA) guidelines
[28] to meet the objectives of this review. The protocol for this
review was registered with PROSPERO (CRD42020214438).

Search Strategy

Search Sources
The following 5 databases were searched on June 24, 2021:
MEDLINE (via Ovid), Embase, Scopus, Web of Science, and
ACM Digital Library. No language limitations were applied,
and non-English articles were translated to check their
applicability to the review. The retrieved references were
exported and managed using EndNote 9.

Search Terms
A total of 2 groups of keywords were used to search the
databases: one group representing the target diagnosis (ie, voice
disorders) and the other group representing the intervention of
interest (ie, ML algorithms). The terms were derived from ML
and speech therapy experts. Medical Subject Headings were
also included to maximize the sensitivity of the search in
MEDLINE and Embase. The detailed search strategy that was
applied to MEDLINE and Web of Science is shown in
Multimedia Appendixes 1 and 2, respectively.

Eligibility Criteria

Inclusion Criteria
The population of interest in this review included patients
diagnosed with a voice disorder. No restrictions were applied
to the type of population characteristics (eg, age, gender, and
ethnicity). With regard to index tests, we focused on supervised
ML techniques (classification) that were used to screen or
diagnose voice disorders in binary outcomes (eg, pathological
voice vs healthy voice or voice disorder a vs b) by using voice
samples collected in a controlled environment (eg, speech
laboratories, hospitals, clinics, and databases). The reference
standards of interest in this review are instrumental assessment
and auditory-perceptual assessment, as both follow the
recommendations of the American Speech-Language-Hearing
Association [17] and American Academy of Otolaryngology
[16]. To be included in this review, studies had to assess the
diagnostic performance of ML algorithms by using at least one
of the following outcomes: accuracy, sensitivity, and specificity.
We included only peer-reviewed articles and empirical studies
regardless of their study design. No restrictions were applied
on the country of publication, year of publication, or language
of publication.

Exclusion Criteria
We excluded studies that relied on clinicians’ judgments only
without using any instrumental tools to ensure the validity and
reliability of the review, as relying on subjective assessment
may be affected by the clinician’s level of experience.

Unsupervised ML methods were excluded. Conference papers,
reviews, reports, editorials, ongoing studies, non–peer-reviewed
articles, studies that assessed accuracy only, and those that did
not assess sensitivity and specificity were also excluded.

Study Selection
Study selection was first conducted by screening the titles and
abstracts of the retrieved studies. Although we excluded studies
whose titles and abstracts did not meet any of the eligibility
criteria, all studies that met the eligibility criteria or were unclear
owing to a lack of information in their titles and abstracts were
retained. We then read the full texts of the studies that remained
after the title and abstract screening to assess their eligibility
for this review. The study selection process was performed by
2 reviewers.

Data Extraction
The 2 reviewers created a data extraction form (Multimedia
Appendix 3) and extracted the data from each included study.
If a study did not report a required piece of information, we
contacted the corresponding authors to obtain any missing
information. If the corresponding authors did not reply within
2 weeks, we sent 2 reminders. If we did not receive a reply after
2 weeks of the second reminder, the missing piece of
information was referred to as n/a: not applicable data were
extracted in an Excel spreadsheet.

Evaluation of Methodological Quality
The risk of bias in the included studies was assessed using a
revised tool for the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS)-2 [29], which is highly recommended by
the Cochrane Collaboration [30]. QUADAS-2 assessed the risk
of bias in 4 domains in the included studies: patient selection,
index test, reference standards, and flow and timing (Multimedia
Appendices 4-7). Furthermore, QUADAS-2 appraised the
applicability of the included studies to this review in terms of
3 domains: patient selection, index test, and reference standards.
QUADAS-2 was modified to fit this review (Multimedia
Appendix 8). The 2 reviewers assessed the methodological
quality of all included studies by using Review Manager
(RevMan version 5.4).

Data Synthesis and Analysis
Narrative and quantitative syntheses were conducted to analyze
the outcome of each ML technique (accuracy, sensitivity, and
specificity). If >1 study used the same ML technique, and the
difference between the outcomes was not significant (<5%),
the best outcome was considered in the meta-analysis. All
outcomes are presented in the extraction table (Multimedia
Appendix 3). In addition, if a study used voice samples from 2
different databases, each sample was included to account for
the sample size (referred to as sample A and sample B in the
forest plot).

The accuracy, sensitivity, and specificity of ML methods
extracted from the eligible studies were analyzed using the
random effect proportional meta-analysis to estimate a pooled
proportion and 95% CI, which are based on the Wilson score
[31] procedures. To stabilize the variances, the pooled estimate
was calculated using the Freeman-Tukey double arcsine
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transformation [32], and heterogeneity was calculated using the

I2 measure [33]. A value of ≤50% is considered low, 51% to
75% moderate, and ≥76% high [33]. All results were plotted
and presented in a forest plot. Studies were included in the
meta-analysis if their scope of using ML was for screening.
Statistical software STATA 16 was used to perform random
effects meta-analyses.

Results

Search Results
As presented in Figure 1, a total of 1409 hits were identified by
searching the 5 databases. No additional records were obtained
from different resources. After removing duplicates, 95.31%
(1343/1409) of articles were left. After scanning the titles and
abstracts, 93.89% (1261/1343) of records were excluded, leaving
82 (6.11%) records for full-text reading. We excluded further
84% (69/82) of articles after full-text reading; therefore, only
16% (13/82) of studies were included in this review [34-46].

Figure 1. Flowchart of the study selection process.
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Study Characteristics

Study Metadata
As shown in Table 1, the 13 included studies were conducted
between 2000 and 2020. However, most of the studies (11/13,
85%) were conducted between 2010 and 2020. The year that

witnessed the largest number of studies (3/13, 23%) was 2016.
The included studies were conducted in 12 different countries,
and approximately 30% (4/13) of them were conducted in Iran.
All the studies were observational studies, peer-reviewed
articles, and written in English.

Table 1. Metadata of the included studies.

Publication languageCountryYearStudy

EnglishIran2015Akbari and Arjmandi [34]

EnglishGreece2011Arias-Londoño et al [35]

EnglishIran2012Arjmandi and Pooyan [36]

EnglishIran2011Arjmandi et al [37]

EnglishPortugal2017Cordeiro et al [38]

EnglishIran2015Ghasemzadeh et al [39]

EnglishSpain2004Godino-Llorente and Gómez-Vilda [40]

EnglishBulgaria and France2000Hadjitodorov et al [41]

EnglishTurkey2014Hariharan et al [42]

EnglishBrazil2017Lopes et al [43]

EnglishSaudi Arabia and Malaysia2020Mohmmad et al [44]

EnglishTunis2016Souissi and Cherif [45]

EnglishChina2011Wang et al [46]

Participants or Sample Characteristics
The number of participants or voice samples ranged from 40 to
960, with a total of 4019 and an average of 309 (Table 2). The
included studies collected data from 6 different sources. The
MEEI database was the most commonly used database among

the included studies (9/13, 69%). Voice samples were collected
from male and females and intersex participants in most included
studies (12/13, 92%); however, 8% (1/13) of studies used voice
samples from female participants only [43]. Participants’ ages
in the included studies ranged from 13 to 86 years, with an
average age of 45 years (mean 46, SD 29.5 years).
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Table 2. Characteristics of participants or sample.

Database accessibilitySetting or databaseMale (%)Age (years),
range

Voice sample
size, n

Study

PrivateMEEIa database4013-82293Akbari and Arjmandi [34]

PrivateMEEI and UPMc databases—b19-70628Arias-Londoño et al [35]

PrivateMEEI database5618-86120Arjmandi and Pooyan [36]

PrivateMEEI database6716-85100Arjmandi et al [37]

PrivateMEEI database34—154Cordeiro et al [38]

PrivateMEEI database——393Ghasemzadeh et al [39]

PrivateMEEI database——135Godino-Llorente and Gómez-Vilda
[40]

PrivatePhoniatric Department of the Uni-
versity Hospital in Sofia

——400Hadjitodorov et al [41]

PrivateMEEI and MAPACI databases—20-68274Hariharan et al [42]

PrivateVoice laboratory018-65279Lopes et al [43]

PrivateSVDd——960Mohmmad et al [44]

PrivateSVD——120Souissi and Cherif [45]

PrivateMEEI database—26-58226Wang et al [46]

aMEEI: Massachusetts Eye and Ear Infirmary.
bNot available.
cUPM: Universidad Autónoma de Madrid.
dSVD: Saarbruecken Voice Database.

Index Test Characteristics
The included studies used 12 ML algorithms (Table 3).
Least-squares support-vector machines (LS-SVMs) were the
most used algorithms across studies (9/13, 69%), followed by
quadratic discriminant analysis (QDA) (3/13, 23%) and
K-nearest neighbor (K-NN) (4/13, 31%). The feature-extraction
technique was reported in 85% (11/13) of studies. While 61%

(8/13) of studies extracted short-term features (eg, mel frequency
cepstral coefficients), 23% (3/13) extracted long-term features
(eg, jitter and shimmer and fundamental frequency). A total of
3 feature reduction techniques were used in the included studies;
linear discriminant analysis was the most used technique (4/13,
31%), and training-test split validation was the most prominent
technique used in the included studies (10/13, 77%), followed
by cross-validation technique (4/13, 31%).
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Table 3. Index test characteristics.

ValidationFeature reductionFeature extractionMachine learning
method

Study

70% training and 30% 0%
testing

Linear prediction

analysis and LDAb
Mean, variance, skewness, kurtosis of coeffi-
cient, wavelet subband coefficients

LS-SVMaAkbari and Arjmandi [34]

75% training and 25% test-
ing (cross-validation–test
split validation)

MSMR and LS-
SVM

12 MFCCc and MSMRdLS-SVMArias-Londoño et al [35]

70% training and 30% vali-
dation

PCA and LDAPCAj and LDA; feature selection: IFSk, FFSl,

BFSm, and BBFSn
QDAe, NMCf, K-

NNg, LS-SVM,

ML-NNh, and PCi

Arjmandi and Pooyan [36]

70% training and 30% test-
ing

PCA and LDAFundamental frequency (average, high, and low

variation), STDo, PFRp, jitter, shimmer, RAPq,

QDA, NMC, PC,
K-NN, LS-SVM,
and ML-NN

Arjmandi et al [37]

PPQr, smoothed PPQ, vAms, NHRt, VTIu, SPIv,

FTRIw, ATRIx, Tsamy, T0z, shimmer in dB,

DVBaa, DSHab, DUVac, NVBad, NSHae, and
total number of segments pitch period during
the period-to-period pitch extraction

75% training and 25% test-
ing (k-fold cross-validation

N/AagMFCCs, line spectral frequencies, and delta-
MFCC

SVM and DAafCordeiro et al [38]

method, k=4; training-test
split validation)

70% training and 30% test-
ing using cross-validation

LDA and LS-SVMFalse neighbor fraction and mutual informationANNah and LS-
SVM

Ghasemzadeh et al [39]

70% training and 30% test
split validation

MFCCMFCC coefficient, energy, and first and second
temporal derivatives

LVQaiGodino-Llorente and
Gómez-Vilda [40]

Training-test split validation
stage (200 phonation); test-
ing (200 phonation)

LDAPitch period (To), PPQ, APQaj, STABak, the
degree of the dissimilarity of the shape [47] of

the pitch pulses, LHERal, NHR, HNRam, and
energy in the pitch impulse-incepstra

K-NNHadjitodorov et al [41]

70% training and 30% test-
ing using conventional vali-
dation and cross-validation

N/A5 level WPTao decompositionK-NN, LS-SVM,

and GRNNan
Hariharan et al [42]

Cross-validationN/AF0 measurements (mean and SD, jitter, shimmer,

and GNEap)

QDALopes et al [43]

10-fold cross-validationN/AOctaves and its first and second derivativesCNNaqMohmmad et al [44]

70% training; and 30% test-
ing

MFCC, LDA, and
delta

MFCC and first and second derivativesLS-SVM and ANNSouissi and Cherif [45]

10-fold cross-validation8, 16, and 32 mix-
ture

36 dimensional MFCC parameters with 1
derivative were calculated every frame of 18-
mel-cepstral coefficient

LS-SVM and

GMMar
Wang et al [46]

aLS-SVM: least-squares support-vector machine.
bLDA: linear discriminant analysis.
cMFCC: mel frequency cepstral coefficient.
dMSMR: modulation spectra minimum redundancy.
eQDA: quadric discriminant analysis.
fNMC: neuromorphic computing.
gK-NN: K-nearest neighbor.
hML-NN: multilayer neural network.
iPC: Parzen classifier.
jPCA: principal component analysis.
kIFS: individual feature selection.
lFFS: forward feature selection.
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mBFS: backward feature selection.
nBBFS: branch-and-bound feature selection.
oSTD: SD of fundamental frequency.
pPFR: phonatory fundamental frequency.
qRAP: relative average perturbation.
rPPQ: pitch perturbation quotient.
svAm: peak amplitude variation.
tNHR: noise-to-harmonic ratio.
uVTI: voice turbulence index.
vSPI: soft phonation index.
wFTRI: Fo-tremor intensity index.
xATRI: amplitude tremor intensity index.
yTsam: length in seconds of analyzed voice data sample.
zT0: period of the average glottal period.
aaDVB: degree of voice breaks.
abDSH: degree of subharmonic.
acDUV: degree of voicelessness.
adNVB: number of voice breaks.
aeNSH: number of subharmonic segments.
afDA: Discriminant analysis.
agN/A: not applicable.
ahANN: artificial neural network.
aiLVQ: learning vector quantization.
ajAPQ: amplitude of the pitch pules.
akSTAB: stability of the t0 generation.
alLHER: low-high energy ratio.
amHNR: harmonics noise ratio.
anGRNN: general regression neural network.
aoWPT: wavelet packet transform.
apGNE: glottal to noise excitation.
aqCNN: conventional neural network.
arGMM: Gaussian mixture model.

Quality Assessment Results

Risk of Bias
In the patient selection domain, only 38% (5/13) of studies were
judged to have a low risk of bias in patient sampling, as they
used an appropriate sampling process to select voice samples
(Multimedia Appendix 9). The risk of bias in index tests was
rated as high in all included studies owing to the nature of the
supervised ML tests, and their results were interpreted with
prior knowledge of the results of the reference standard test.
Owing to the subjective nature of voice assessment, it was not
clear whether the reference standard correctly classified the
patients. This led to an unclear risk of bias in the reference
standard domain in all studies although the reference standard
was used before the index test, and the findings were not
affected by the findings of the index test. Patient flow and timing
were poorly reported in almost all the studies (12/13, 92%).
Thus, these studies were judged to pose an unclear risk of bias
in terms of patient flow and timing. Multimedia Appendix 9
shows the QUADAS-2 tool risk of bias judgment in each
included study across all 3 domains as well as applicability
concerns for each study.

Applicability Concerns
There are no applicability concerns regarding how patients were
selected in all included studies, as the patients’ characteristics
and the condition and setting of each test match the review
question and criteria (Multimedia Appendix 9). Similarly, all
included studies were judged to have low applicability concern
in the index test as the ML algorithms method in the included
studies matched the review definition of ML. However, the
applicability concern in the reference standard was rated as
unclear in 84% (11/13) of studies, as the voice samples in those
studies were collected from databases, and the detailed diagnosis
process of each voice sample was not described.

Performance of ML Algorithms

Diagnosing Voice Disorders
Only 8% (1/13) of studies used the QDA algorithm to
differentiate between 2 [43]. As shown in Table 4, the accuracy,
sensitivity, and specificity of the QDA ranged from 70% to
77%, 20% to 65%, and 74.76% to 95%, respectively. See the
following section for a description of how QDA was used as a
screening tool. For breakdown of the diagnostic findings, please
refer to Multimedia Appendix 10.
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Table 4. The performance of machine learning in diagnosing voice disorders.

StudySpecificity (%)Sensitivity (%)Accuracy (%)Tested diseasesAlgorithm

Lopes et al [43]74.765070.56Vocal polyps vs healthyQDAa

Lopes et al [43]78.160.8372.67Vocal cyst vs healthyQDA

Lopes et al [43]92.382079.82Unilateral VFb paralysis or healthyQDA

Lopes et al [43]80.434571.11Middle-posterior triangular gap vs
healthy

QDA

Lopes et al [43]83.335078.75Sulcus vocalis vs healthyQDA

Lopes et al [43]90.7133.3372.44VDDGERc vs healthyQDA

Lopes et al [43]88.572076.61Vocal nodules vs unilateral VF paralysisQDA

Lopes et al [43]75.955072.68Vocal nodules vs sulcus vocalisQDA

Lopes et al [43]89.0533.3371Vocal nodules vs VDDGERQDA

Lopes et al [43]953070Vocal nodules vs sulcus vocalisQDA

Lopes et al [43]78.336575.14Vocal polyp vs healthyQDA

Lopes et al [43]78.5762.573.22Vocal cyst vs healthyQDA

aQDA: quadratic discriminant analysis.
bVF: vocal fold.
cVDDGER: voice disorder due to gastroesophageal reflux.

Screening Voice Disorders
Of the 13 included studies in the systematic review, 10 (77%)
were included in the meta-analysis and 3 (23%) were excluded
[39,40,44,46]. Of the 10 studies, 2 (20%) examined ML
techniques by using 2 different databases: Arias-Londoño et al
[35] (MEEI and Universidad Autónoma de Madrid [UPM]
databases) and Hariharan et al [42] (MEEIEMPACI)
Accordingly, the performance of ML techniques in these
databases was included in the meta-analysis. More information
about the performance in screening can be found in (Multimedia
Appendix 11).

Accuracy
The accuracy of ML techniques in assessing voice disorders
was reported in 77% (10/13) of studies. These studies examined
the accuracy of 9 ML techniques. The pooled accuracy of the
9 ML techniques was 96% (95% CI 93%-98%; Figure 2).
Significant heterogeneity was shown in the meta-analyzed

studies (I2=93.51%; P<.001), and the possible causes of this
heterogeneity are discussed below. Regarding voice disorders
assessment, the ML technique that achieved the highest accuracy
was LS-SVM (99%), whereas the one that had the lowest
accuracy was QDA (91%).
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Figure 2. The forest plot shows the accuracy of machine learning algorithms in voice disorder screening. ANN: artificial neural network; GRNN:
general regression neural network; K-NN: K-nearest neighbor; LS-SVM: least-squares support-vector machine; ML-NN: multilayer neural network;
NMC: neuromorphic computing; PC: parzan Classifier; QDA: quadratic discriminant analysis; SVM: support vector machine.

Sensitivity
The sensitivity of ML techniques in assessing voice disorders
was reported in 77% (10/13) of studies. These studies examined
the sensitivity of 3 ML techniques. The pooled sensitivity of
the 3 ML techniques was 96% (95% CI 91%-100%; Figure 3).

The meta-analyzed studies showed significant heterogeneity

(I2=95.49%; P<.001), and the possible causes of such
heterogeneity are discussed in further sections. K-NN had the
highest sensitivity (98%) among the 3 ML techniques, while
QDA achieved the lowest sensitivity (89%).
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Figure 3. The forest plot shows the sensitivity of machine learning algorithms in voice disorder screening. K-NN: K-nearest neighbor; QDA: quadratic
discriminant analysis; SVM: support vector machine.

Specificity
The specificity of ML techniques in assessing voice disorders
was examined in 77% (10/13) of studies and included the
specificity of 3 ML techniques. The pooled specificity of the 3
ML techniques was 93% (95% CI 88%-97%; Figure 4). The

meta-analyzed evidence showed significant heterogeneity

(I2=84.3%; P<.001); the possible causes of heterogeneity are
discussed below. The ML technique that achieved the highest
specificity was K-NN (98%), whereas the one that had the
lowest specificity was QDA (89%).
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Figure 4. The forest plot shows the specificity of machine learning algorithms in voice disorder screening. K-NN: K-nearest neighbor; QDA: quadratic
discriminant analysis; SVM: support vector machine.

Heterogeneity and Pooled Performance
The possible source of heterogeneity in the pooled performance
was explored, and the possibility that studies that used
short-term parameters, such as the study by Arjmandi et al [37],
increased the heterogeneity in K-NN and LS-SVM was found.
In the K-NN algorithm, the heterogeneity was reduced to
69.73% when the study by Arjmandi et al [37] (which used
long-term parameters) was excluded; in specificity, it was
84.92% in sensitivity and 91.55% in accuracy. This was also
found in the study by Hadjitodorov et al [41], which also used
long-term parameters, and when it was excluded, the
heterogeneity in all K-NN outcomes was reduced (Multimedia
Appendix 12 presents further details on the heterogeneity values
when each study was removed). Similarly, when the study by
Arjmandi et al [37] was removed from the LS-SVM forest plot

for sensitivity, a reduction was found in I2 test values, which
decreased to 91.89%. Therefore, long-term parameters could
affect the sensitivity of LS-SVM and all 3 outcomes in K-NN.
Furthermore, the database used by Arias-Londoño et al [35]
and Souissi and Cherif [45] might increase the heterogeneity
in LS-SVM performance. Arias-Londoño et al [35] used the

UPM database, which is a Spanish sounds database, thus
excluding the study from the sensitivity and specificity forest
plot of LS-SVM, which decreased the heterogeneity to 58%
and 71%, respectively. On the other hand, Souissi and Cherif
[45] used voice samples from S (German speech samples
database), whereas the remaining studies used s from the English
speech samples database (MEEI; Multimedia Appendix 12).

Discussion

Principal Findings
This study systematically reviewed the performance of ML in
assessing voice disorders, similar to another study by Syed et
al [27] that examined the accuracy of ML algorithms at the
voice database level and qualitatively analyzed the accuracy of
each ML algorithm technique. It was concluded that LS-SVM
is the most common algorithm used in studies included in this
research, which aligns with our findings. Furthermore, the
performance showed the accuracy of LS-SVM to be >93%,
which was similar to our findings. Generally, ML performance
was found to be more promising when it was used as a screening
tool rather than in diagnosis, achieving >90% in all 3 outcomes
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(accuracy, sensitivity, and specificity). Second, the findings
differ significantly between the algorithms or even within the
same algorithm in different studies. For example, LS-SVM was
almost 100% in all 3 outcomes; however, Parzen classifier
showed sensitivity ranging from 74% to 100%. Because of the
limited number of studies, the performance of ML in ≤2 studies
remains unclear. This was also noticed in ML algorithms that
were used in the diagnosis, as only 1 study implemented ML
algorithms to differentiate between different disorders
(diagnosis). For example, the performance of QDA in screening
showed 83% accuracy, 91% sensitivity, and 68% specificity.
By contrast, it was found to be <76% in diagnosis, and the
percentage fell sharply in sensitivity and specificity in the same
study [43]. However, this finding could not be conclusive
because of the limited number of studies that used ML for
diagnosis (1 study).

The analysis implies that K-NN and LS-SVM showed the
highest accuracy. K-NN demonstrated increased specificity;
however, LS-SVM was found to be better at detecting true
positive cases. Because ML in the included studies was used as
a screening tool (pathological voice vs healthy voice), the ability
of ML to be more sensitive might be more important than the
ability to be specific. This may be due to the consequences of
diagnosing healthy voiced patients as pathological voice which
will only lead to further examination (stroboscopy). Moreover,
it will not cause any distress to the patient, as the diagnosis is
not final, and patients would only be referred for further
examination. However, in less sensitive tests, misdiagnosis of
patients can lead to harmful consequences.

Research and Practical Implications

Practical Implications
When a person’s strength, agility, and structure of vocal folds
result in pathological noise and reduced acoustic tone, their
vocal pathology may be serious enough to qualify as a voice
disorder. These disorders can be caused by tissue diseases and
changes in tissue, mechanical stress, surface discomfort,
systemic changes, changes in muscles and nerves, and many
other factors [48]. Research on has achieved a wide scope, partly
because of its societal benefits. Standard databases have been
developed to mitigate disorders and include new features and
emphasis on specific voice disorders while using deep neural
networks. Recently, subjective and objective evaluations of
vocal issues have received considerable attention in the research
field [49].

Subjective assessments may be conducted by clinicians, as they
focus on the patient’s voice and use different instruments to
discern various vocal disorder diagnoses. ML can be used as a
decision-support tool for clinicians conducting
auditory-perceptual assessments [14]. A second assessment,
known as “target evaluated assessments,” focuses on the
automatic, computer-based processing of acoustic signals. These
signals assess and recognize the underlying vocal pathology,
which may not be screened or diagnosed by a clinician [50].
Consequently, this type of evaluation is nonsubjective.
Furthermore, when using this type of assessment, voices can
be captured and stored at a global level via cloud technologies
by using various intelligent devices. This has been beneficial

for researchers across the globe, who can access the data through
different academic institutions.

Using ML as an assessment tool may reduce the learning gap
between experienced and inexperienced clinicians. Bassich and
Ludlow [20] found that the intrajudge test-retest agreement was
<75% when evaluating voice quality in patients with polyps or
vocal fold nodules; thus, the overall reliance on experienced
clinicians in voice assessment might be eliminated. Furthermore,
the practice of using instrumental assessments in practice could
be eliminated, as ML may reduce the need to conduct
instrumental assessments for more typical cases [27]. However,
eliminating instrumental assessments altogether may lead to
misdiagnoses, for example, if a patient with laryngeal cancer
was screened “as healthy,” the clinician may not have performed
a stroboscopic examination. Therefore, we aim to further our
study by establishing an ideal and automatic ML-based system.
We anticipate that this system will be sensitive, accurate,
efficient, and successful in detecting and diagnosing various
voice disorders quickly and effortlessly for both patients and
practitioners.

The review showed that ML provided optimum performance
in screening and diagnosing voice disorders to inform clinicians
of anomalies. A comparison of the performance of ML
algorithms, including accuracy, specificity, and sensitivity,
across studies is recommended owing to the different
characteristics of each study. The most commonly used ML
methods for diagnosing voice disorders in this review were
LS-SVM and artificial neural network algorithms. However,
the preference of applying 1 ML method to another was not
clearly explained in the studies. All studies used internal
validation (training and test splits and cross-validation) to
evaluate the ML quality. However, external validation is a
necessary procedure to evaluate the real quality of ML
predictions for new data. Therefore, external validation is
essential to implement ML in routine clinical practice to
diagnose voice disorders. Therefore, external validation must
be performed before using ML for any clinical diagnosis. None
of the ML methods investigated in this review used external
validation.

Implications for Research
This paper analyzes the literature related to the effectiveness of
using ML algorithms to screen and diagnose voice disorders.
It not only provides insight into the type of research conducted
over the last 2 decades but also highlights the areas of research
needing further experimentation and analysis. Researchers and
practitioners can use this research to improve their objective
screening or diagnosis of speech pathology. For instances, voice
disorders [23], MEEI [22], and UPM databases [51] are all
accessible to researchers interested in voice disorders case
studies. However, these data repositories are not without their
flaws. For instance, certain databases are uniformly classified
into healthy and unhealthy classes. These voices are, in turn,
generally categorized as “healthy” and “pathological” in most
of the research published using these data. Some databases do
not specify the severity of voice disorders or provide sufficient
details on the pathological symptoms during phonation. As such,
some samples may appear healthy normal despite being labeled
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as pathological, and vice versa. In addition, >1 disorder may be
used to label documents, which can be challenging to
incorporate or exclude samples in different languages [52]. The
nature of supervised ML, that is, “labeled,” tests require prior
knowledge of the reference standard finding to the
corresponding test. This may lead to a higher risk of bias in
some quality assessment tools, such as the QUADAS-2 tool,
which shows a high risk of bias in the index test domain. Future
researchers may wish to consider providing information on how
a reference standard was applied when examining the
performance of ML. Furthermore, these repositories may
determine a more specific judgment on suitable demographic
characteristics and how to appropriately classify these specifics.
Finally, differential diagnostic abilities for ML may be better
examined by dividing both the outcomes of each disorder as
well as their severity. This would allow for more definitive and
specific findings about the type of patients for whom ML may
be more effectively used.

Because ML in the included studies was used as a screening
tool (pathological voice vs healthy voice), the ability of ML to
be more sensitive might be more important than its ability to
be more specific. This may be due to the consequences of
diagnosing healthy patients as unhealthy (patients with
pathological voice), which will lead to further examination
(stroboscopy) and not cause patient distress, as the diagnosis,
at this point, is not final and patients would be referred for
further examinations. Misdiagnosing patients (less sensitive
tests) could lead to harmful consequences and distress, for
example, if life-threatening diseases such as laryngeal cancer
are misdiagnosed.

It should also be considered that ML can be used as a
decision-support tool by clinicians while subjectively judging
patients’ voices to determine whether they should undergo
further examinations. Applying the ML algorithm as a screening
tool could help in predetermining the patient’s voice condition.
Consequently, this could support the clinicians’ whole
management process in voice disorders assessment, especially
in their decision on whether to apply an instrumental
examination for the patient, a decision that is currently being
made subjectively. Therefore, applying ML as a screening tool
would reduce the gap between experienced and inexperienced
clinicians (the agreement was found to be <75%) [20], and the
overall reliance on experienced clinicians in voice assessment
might be eliminated. Furthermore, the use of instrumental
assessments in practice could be eliminated, as not all patients
will have to undergo instrumental assessments (ML might
reduce the need to use them for healthy cases). Therefore, the
cost of assessing voice disorders might be reduced.

Our findings also imply that ML can be used in web-based
methods to detect voice disorders. This means that the
algorithms can be used in smartphone apps or users’phone calls
to detect the presence of voice disorders or even track the
progress of their therapy. This might eliminate the amount of
time spent by the clinician to screen or diagnose or record the
progress of each follow-up. This study also found that
researchers may want to consider investigating the applicability
of various ML algorithms to identify and diagnose voice
disorders. moreover, adding to previously established databases

is recommended, which includes adding different languages,
such as the Arabic voice pathology database, to other
mainstream repositories.

Strengths
The key strength of this review is that it follows the DTA
systematic review and search strategy. First, this review was in
accordance with the Cochrane Library DTA systematic reviews,
and second, it used a variety of medical, computer, and
engineering databases. This increased the sensitivity of the
review and broadened the search, overcoming the limited
number of related articles. Moreover, in the screening process,
in cases where the relevance of the abstract was not clear, the
study was included in the full-text scanning. This eliminated
any chance of eliminating relevant articles from the review. In
addition, in the reference standard test, the inclusion criteria
were restricted to a controlled environment, which might have
ensured a more accurate and reliable result.

This is the first review to systematically assess the performance
of different ML algorithms in the assessment and diagnosis of
voice disorders. A total of 13 observational studies were
included, which recruited patients from both genders and
different age groups (13-85 years). In all, 14 ML techniques
were tested, 9 of which were included in the meta-analysis, and
their pooled accuracies, sensitivities, and specificities were
estimated.

Limitations
The main weakness of this review is the limited reporting by
primary studies; for example, the criteria for selecting voice
samples from the databases or the patient recruitment process,
the poor reporting of the demographic characteristics of the
sample, and the severity of the voice disorders in each case.
This hindered the ability to find sources of heterogeneity, as
subgroup analysis based on gender, age group or type, or
severity of each disease could not be investigated. Furthermore,
the main outcomes of the review could not be more specific to
a certain gender or age group or the type or severity of the
disease. Mentioning these details could have allowed for further
investigation of which factors—voice disorders, gender, or age
group—would determine the accuracy of ML performance. In
the patient selection domain, more than half (8/13, 60%) of the
included studies demonstrated an unclear risk of bias. The poor
reporting of how voice samples were chosen from the database
led to the estimated accuracy being subject to bias. The bias
increased when the voice samples were not chosen randomly,
as they might have been chosen based on unreported severities.
However, removing these studies from the meta-analysis was
not possible owing to the limited number of included studies.

All included studies (13/13, 100%) failed to report how the
reference standard was used, thus leading to an “unclear” risk
of bias assessment in the overall reference standard. This is
mainly due to the use of voice samples from a database;
therefore, the clinicians’ assessment was not performed by the
authors of the primary studies. Moreover, the clinicians’
assessment, which was applied by the chosen database, was not
reported in the studies. Not knowing how the assessment was
performed increased the risk of bias, and the outcome of the
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review was found to be unclear. Although the authors were
contacted to request further details about the choice of voice
samples and reference standard assessment, no response was
received. Poor reporting led to an unclear risk of bias in the
flow and timing of patients in almost all included studies (12/13,
92%), especially the lack of reporting of the time intervals
between clinicians’ assessment and the recording of patients’
voices. For example, if the recordings were made at intervals
of a few months after the clinician’s assessment, the patients’
condition could have changed from when the first recording
was made. Consequently, this increased the chance of
misclassification or misdiagnosis, as the voice sample diagnosis
could be different from the clinician’s diagnosis. Better reporting
of patients’ diagnosis and recruitment process would lead to a
clearer risk of bias assessment.

Conclusions
ML showed promising findings in screening, as its accuracy,
sensitivity, and specificity showed high performance. The
findings also suggested that ML can be further used in new
smartphone apps for screening purposes and that screening can
be conducted on the web. In scholarly research, more research
with specific patient demographics and disorders is
recommended. However, definitive conclusions could not be
drawn about the effectiveness of ML in diagnosing owing to
the limited number of studies (only 1). Therefore, we
recommend using ML as a decision-support tool for clinicians
during screening. For more definitive conclusions regarding the
use of ML in diagnosis, more studies are suggested to be
conducted, and risk of bias assessment that suits the application
of ML for medical purposes and supervised ML is encouraged.
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Abstract

Background: Peripheral artery disease (PAD) affects millions of people worldwide, and a core component of management of
the condition is self-management. The internet is an important source of health information for many people. However, the content
of websites regarding treatment recommendations for PAD has not been fully evaluated.

Objective: This study aimed to assess the credibility, accuracy, and comprehensiveness of websites found via a common search
engine, by comparing the content to current guidelines for treatment and management of PAD and intermittent claudication (IC).

Methods: A review of websites from hospitals, universities, governments, consumer organizations, and professional associations
in the United States and the United Kingdom was conducted. Website recommendations for the treatment of PAD and IC were
coded in accordance with the guidelines of the National Institute for Health and Care Excellence (NICE) and the American Heart
Association (AHA). Primary outcomes were website credibility (4-item Journal of the American Medical Association benchmark),
website accuracy (in terms of the percentage of accurate recommendations), and comprehensiveness of website recommendations
(in terms of the percentage of guideline recommendations that were appropriately covered). Secondary outcomes were readability
(Flesch–Kincaid grade level) and website quality (Health On the Net Foundation’s code of conduct).

Results: After screening, 62 websites were included in this analysis. Only 45% (28/62) of websites met the credibility requirement
by stating they were updated after the NICE guidelines were published. Declaration of authorship and funding and the presence
of reference lists were less commonly reported. Regarding accuracy, 81% (556/685) of website recommendations were deemed
accurate on following NICE’s and the AHA’s recommendations. Comprehensiveness was low, with an average of 40% (25/62)
of guideline treatment recommendations being appropriately covered by websites. In most cases, readability scores revealed that
the websites were too complex for web-based consumer health information.

Conclusions: Web-based information from reputable sources about the treatment and management of PAD and IC are generally
accurate but have low comprehensiveness, credibility, and readability.

(J Med Internet Res 2022;24(10):e39555)   doi:10.2196/39555

KEYWORDS

peripheral artery disease; intermittent claudication; health information; education; internet; eHealth; digital health

Introduction

The internet is increasingly being used by the general public as
a source of health information [1]. People may use an internet

search at various times along a health care journey: prior to
seeking medical advice from their health care providers, to
support self-management, and to make treatment decisions [1].
This is especially relevant to people with peripheral arterial
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disease (PAD), where self-management and behavior change
are key aspects of care [2]. Clinical guidelines that summarize
the best available research evidence and expert consensus for
the diagnosis and management of PAD have been developed
by the American Heart Association (AHA) [3] and the National
Institute of Health and Care Excellence (NICE) [4]. These
guidelines recommend lifestyle modifications including
cessation of smoking, a healthy diet, sustaining a healthy weight,
and regular physical activity. Prescriptions of antiplatelets,
statins, antihypertensives, and vasodilators are also
recommended, but stenting and bypass surgery should only be
considered if structured exercise and lifestyle modifications
have been exhausted [3,4].

Most commonly, search engines, such as Google, are used as
the method of searching for health information on the internet
[5]. A 2014 report found that 60% of UK respondents had used
the internet to search for health information in the previous 12
months, with younger people being more likely to search for
information in this manner than older generations [1]. It is likely
for these figures to have increased, especially considering the
global COVID-19 pandemic. A recent survey found that health
services had been completely or partially disrupted in many
countries as a result of the pandemic, including services for
hypertension, diabetes, cancer, and cardiovascular emergencies
[6]. This indicates that potentially less health care provision for
people with PAD may have been available since the onset of
the pandemic. Along with reductions in access to in-person
health care, the number of people searching the internet for
health care–related information, such as that on PAD, could
have increased. It is also likely for older generations to use the
internet more than they did previously, and as this is the
demographic more likely to experience PAD, there may be more
people searching for such information on the internet than ever
before.

Owing to the importance of self-management in long-term
conditions and the expanding role of the internet in gathering
health information, it is essential that web-based sources of
information are accurate, credible, and comprehensive [7].
However, despite the large number of people seeking web-based
health information, previous research has found the quality of
these websites to be relatively poor [8-11]. To date, only one
study has assessed the quality of information about PAD and
intermittent claudication (IC) on websites and videos [12], and
no previous research has compared web-based information to
clinical guidelines. By assessing the quality of this information
and any gaps or inaccuracies within it, recommendations can
be made to improve the quality of information on the internet
while optimizing the quality of life for those living with PAD.
Through accurate self-management advice and support with
behavior change, internet searching could empower individuals
to assume a more active role in managing their condition [10].

This review aims to compare trustworthy websites to current
clinical guidelines for the treatment and management of PAD
and IC to assess their credibility, accuracy, comprehensiveness,
and readability.

Methods

Study Design
This review is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines where possible [13]. A review of “trustworthy”
websites from governments, hospitals, universities, professional
bodies, and health care organizations was conducted.

Eligibility Criteria
Websites were sought from the United States and the United
Kingdom and had to be written in English to be included.
Websites were deemed trustworthy if they were from the
government, nonprofit organizations, hospitals, universities,
professional societies, or consumer organizations. To be
included, websites had to mention at least one recommendation
for the treatment or management of PAD or IC. Web links from
Google searches, which directed us to PDFs, were included if
they met every other criterion mentioned above. Websites were
excluded if they were not freely accessible, required sign-in
details, or required payment to be accessed. Any Google Ads
on the 2 pages screened were excluded. Web links to other parts
of the same website were followed and included, but web links
leading to external sources were excluded. Websites were
excluded if they were scientific journal articles, blogs, videos,
or the comparative guidelines themselves.

Search Strategy
A recent review has indicated that although people seeking
health information on the web tend to use health websites, they
often start with generic search engines, most commonly Google
[5]. Google was used to search for freely accessible,
noncommercial websites presenting information on PAD or IC
during October 21-23, 2020, and updated during October 1-3,
2021. Search terms were decided after some trial searching on
Google Trends. It was found that abbreviations “PAD” and “IC”
were often searched for reasons other than those for “peripheral
artery disease” and “intermittent claudication,” respectively;
hence, the nonabbreviated versions were used as search terms.
To target more trustworthy websites including government,
hospital, university, and consumer organization websites, various
words were added after the initial search terms [10]. A full
breakdown of search terms is shown in Table 1. The search
engine, Google, was used as it is considered the most common
search engine with the best search validity [14]. For increased
search specificity, each term was searched on both the UK
(google.co.uk) and US (google.com) domains of Google. The
first 2 pages of results were screened from each search in line
with the eligibility criteria. The browsing data were cleared
between each search. All web links deemed relevant by the first
reviewer (SA) were collated to an Excel (Microsoft Inc)
spreadsheet and then screened for eligibility by the second
reviewer (CS), with all discrepancies resolved through
discussion.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39555 | p.93https://www.jmir.org/2022/10/e39555
(page number not for citation purposes)

Alexander & SeenanJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Search terms used on Google; adapted from Ferreira et al [10].

Intermittent claudicationPeripheral artery disease

United Kingdom (google.co.uk)

Intermittent Claudication gov ukPeripheral Artery Disease gov uk

Intermittent Claudication org ukPeripheral Artery Disease org uk

Intermittent Claudication hospital ukPeripheral Artery Disease hospital uk

Intermittent Claudication university ukperipheral Artery Disease university uk

Intermittent Claudication association society ukPeripheral Artery Disease association society uk

Intermittent Claudication consumer reports ukPeripheral Artery Disease consumer reports uk

United States (google.com)

Intermittent Claudication gov usaPeripheral Artery Disease gov usa

Intermittent Claudication org usaPeripheral Artery Disease org usa

Intermittent Claudication hospital usaPeripheral Artery Disease hospital usa

Intermittent Claudication university usaperipheral Artery Disease university usa

Intermittent Claudication association society usaPeripheral Artery Disease association society usa

Intermittent Claudication consumer usaPeripheral Artery Disease consumer usa

Data Extraction
Both reviewers (SA and CS) extracted data into separate
spreadsheets then met to discuss and cross-check the data.
Recommendations for PAD and IC treatment or management
from each website were coded in accordance with the 2012
NICE recommendations (last updated in 2018) and the 2016
AHA guidelines for PAD and IC management and treatment

[3,4]. There were minimal recommendations mentioned in one
guideline but not in the other, and there were no conflicting
recommendations. Each website recommendation was coded
against the guidelines as endorsed by at least one guideline or
dismissed by at least one guideline [10]. Treatment and
management recommendations from websites were each
compared to the combined guideline recommendations and
coded, as seen in Table 2.

Table 2. Code for which websites were compared and graded [10].

DescriptionCoding criteria

A website recommendation to use a treatment that was also endorsed by at least 1 guideline.Appropriate endorsement

A website recommendation to avoid a treatment that was also dismissed by at least 1 guideline.Appropriate dismissal

A website recommendation to use a treatment that was dismissed by at least 1 guideline.Inappropriate endorsement

A website recommendation to avoid a treatment that was endorsed by at least 1 guideline.Inappropriate dismissal

A website recommendation to use a treatment not mentioned in either guideline.Endorsed

A website recommendation to avoid a treatment not mentioned in either guideline.Dismissed

A website recommendation that was too vague to be clearly matched to the guidelines or led to discrepancies between
researchers.

Unclear

Outcomes

Credibility
The credibility of each website was assessed using the Journal
of the American Medical Association (JAMA) benchmark
[10,15]. The JAMA benchmark evaluates websites on 4 items:
(1) information currency, (2) authorship declaration, (3) presence
of a reference list, and (4) disclosure of any conflicts of interest,
sponsorship, or funding. Information was deemed current if it
was dated after NICE guidelines were published (August 8,
2012) [16]. A declaration of authorship was included if single
or multiple authors were mentioned, or authorship was tied to
a group or entity [10]. Each of the 4 items was answered with
“Yes,” “No,” or “Not reported.”

Accuracy
The number of recommendations from websites that were
accurate and clear were defined as those that were coded as
appropriate endorsements, appropriate dismissals, or dismissed
treatments not mentioned in either guideline. Recommendations
were deemed inaccurate if they were coded as inappropriate
endorsements, inappropriate dismissals, or endorsed treatments
not mentioned in either guideline [10].

Comprehensiveness
The proportion of accurate guideline recommendations covered
by a website was determined to measure their
comprehensiveness. Website comprehensiveness was determined
from the ratio of the sum of appropriate endorsements and
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dismissals against the total number of recommendations in the
comparative guidelines [10].

Readability
The Flesch–Kincaid grade level (FKGL) [17] is widely accepted
as an appropriate instrument to evaluate the readability of
general and health documents. The FKGL yields a reading level
score calculated from the average length of words and sentences
in a discourse. The score yielded by the FKGL is rated against
US school levels, and it has been suggested that the FKGL
should be between 6 and 8 for medical and health information
aimed at the general public [18,19]. In this study, the websites
were segregated into 3 groups based on the FKGL: <8, 8-10,
and >10. Websites with an FKGL of <8 are deemed accessible
to most people, those scoring 8-10 are accessible to some, and
those scoring >10 are deemed inaccessible to the majority of
the UK or US readers. The FKGL was calculated in this study
using the inbuilt readability function in Word (version 2013;
Microsoft Inc). A large section of text was copied from each
website and pasted onto Word before running the readability
statistic.

HONcode
The Health On the Net (HON) Foundation’s code of conduct
(HONcode) is a well-known ethical and trustworthy code for
evaluating the quality of medical and health information
available on the internet. Websites that follow the HONcode
principles can be approved by the HON foundation and be
allowed to display the HONcode certificate symbol at the bottom
of the page as a benchmark of quality. The HONcode has been
used in similar previous studies as an indication of web-based
health information quality [11,17,18]. In this review, the item
was scored as “Yes” or “No” for presence of the HONcode logo
on each website.

Results

Website Selection
Searches were conducted 24 individual times with the first 2
pages of results being assessed for eligibility. Searches collated
480 website results, and after duplicate results (n=88) were
removed, the rest were screened for eligibility. Of these
websites, 330 were deemed ineligible with reasons given in
Figure 1. The remaining 62 websites were included in the
analysis.

Figure 1. Study flow diagram with reasons for website exclusion. IC: intermittent claudication; PAD: peripheral artery disease.

Website Characteristics
From the UK- and US-specific Google sites searched, 48%
(30/62) of eligible websites were found from the United
Kingdom and 52% (32/62) of them from the United States. A
large proportion of the analyzed websites (45%, n=28) were

those of hospitals, followed by those of nongovernment
organizations (23%, n=14), universities (13%, n=8), government
organizations (10%, n=6), consumer organizations (5%, n=3)
and, finally, professional associations or societies (5%, n=3).
Information about the characteristics of the websites is provided
in Table 3.
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Table 3. Characteristics of websites and credibility data (N=62).

Websites, n (%)Descriptive and credibility variables

Country

30 (48)United Kingdom

32 (52)United States

Website type

6 (10)Government

28 (45)Hospital

8 (13)University

3 (5)Consumer organization

14 (22)Nongovernment organization

3 (5)Professional association or society

Updated in accordance with NICEa guidelines (August 8, 2012)

27 (44)Yes

2 (3)No

33 (53)Not reported

Authorship declared

17 (27)Yes

45 (73)No

Contains a reference list

15 (24)Yes

47 (76)No

Disclosure of conflicts of interest or funding

1 (2)Yes

61 (98)Not reported

aNICE: National Institute for Health and Care Excellence.

Credibility
The date of publication or last review was present on 32 websites
with 5 (8%) of these dated before the NICE guidelines were
published and the other 27 (44%) dated after and therefore
deemed as being up to date. However, 30 (48%) websites did
not report a date on their web page. Authorship was declared
on only 18 (29%) websites, and 15 (24%) websites presented
a reference list. Disclosure of any conflicts of interest,
sponsorship, or funding was declared on 1 (2%) website (Table
3). More details on the assessment of website credibility can be
found in Multimedia Appendices 1-3.

Accuracy
From the 62 websites analyzed, a total of 685 recommendations
were recorded, with 556 (81.2%) being accurate, 10 (1.5%)
inaccurate, and 114 (16.6%) unclear (Table 4). Most
recommendations by websites were to use a treatment (n=589,
85.9%) rather than to avoid a treatment. The proportion of
accurate recommendations was the highest from among UK
searches (87.8%) in comparison to US searches (75.3%).
Searches for IC yielded a higher proportion of accurate
recommendations (86.9%) than searches for PAD (78.5%).

Further information on website recommendation accuracy is
presented in Multimedia Appendices 1-3. The treatments most
appropriately endorsed by websites were smoking cessation
and cholesterol management (53/62, 86%), followed closely by
angioplasty (n=52, 84%), physical activity (n=51, 82%), and
blood pressure management (n=51, 82%). Least appropriately
endorsed treatments included annual flu vaccine (0%) and
exercise to maximal pain (n=6, 10%). Pentoxifylline was the
most common treatment to be inappropriately endorsed by 5
(8%) websites, followed by anticoagulants (n=2, 3%). The most
unclear recommendation was stenting, with 32 (52%) websites
mentioning stenting but not in enough detail to match the
comparative guidelines.

Importantly, none of the recommended treatments were
inappropriately dismissed by any website. The most common
website recommendation that was not mentioned in the
guidelines was looking after mental well-being, which was
mentioned in 6 (10%) websites. Website recommendations to
avoid treatments not mentioned in the guidelines included the
following: avoiding cold temperatures, not wearing compression
stockings, and avoiding medication or herbal remedies that have
been deemed ineffective or dangerous.
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Table 4. Accuracy of website recommendations for the treatment of peripheral artery disease or intermittent claudication.

Accurate dismissals,
n

Accurate endorse-
ments, n

Accurate recommen-
dations, n

Unclear recommen-
dations, n

Recommendations,
n

Search terms

217317831208Peripheral Artery Disease UK

018719149262Peripheral Artery Disease USA

29910412113Intermittent Claudication UK

4758322102Intermittent Claudication USA

8534556114685Total

Comprehensiveness
Overall comprehensiveness of the included websites was low,
covering 38% of recommended guidelines, on average, with
approximately 8 out of 21 accurate recommendations (Table
5). The most comprehensive website had 13 recommendations
that clearly and accurately matched the comparative guidelines,

resulting in a comprehensiveness of 62%. Ranging from 2 to
13 accurate recommendations, the comprehensiveness of the
websites found was extremely varied (10%-62%). No website
mentioned all recommended treatments from the guidelines and
most mentioned less than half. Full details on
comprehensiveness are provided in Multimedia Appendices
1-3.

Table 5. Comprehensiveness of recommendations for peripheral artery disease or intermittent claudication treatment by websites when compared to
the guidelines of the National Institute for Health and Care Excellence and the American Heart Association.

Guideline recommendations accurately covered by websites, mean (SD; %a)Guideline recommendations,
n

8.7 (3.1; 41.4)16Recommendations to use a treatment

0.2 (0.6; 0.9)5Recommendations to avoid a treatment

8.9 (3.7; 42.3)21Total treatment recommendations

aPercentage of total guideline recommendations.

HONcode and Readability
Only 5 of 62 (8%) websites were found to have the HONcode
logo displayed on their web page as a marker of website quality.
Of the 62 websites, 3 (5%) had an FKGL of <8 as recommended
for health information aimed at the general public [18]. An

additional 17 (27%) websites had an FKGL of 8-10, and 42
(68%) websites scored >10. The FKGL for most of the websites
(68%) is deemed too high, which would make it difficult for
most of the population to comprehend the presented information
(Table 6). The FKGL scores ranged from 5.7 to 16.4, which
covers a vast range of reading levels.

Table 6. Website quality and readability results.

Websites, n (%)Evaluation instrument

Health On the Net Foundation’s code of conduct

5 (8.1)Yes

57 (91.9)No

Flesch–Kincaid grade level

3 (4.8)<8

17 (27.4)8-10

42 (67.7)>10

Discussion

Principal Findings
This is the first study to compare web-based information from
trustworthy sources for people with PAD to current clinical
guidelines to assess their credibility, accuracy, and
comprehensiveness. Website recommendations for the treatment
or management of PAD and IC were found to have low
credibility when measured against the JAMA benchmark. Most
recommendations provided were accurate; however, most

websites lacked comprehensiveness and were not always clear
in their recommendations. A high proportion of websites were
too difficult for the average person to read and thus understand
the recommendations they provided.

As this is the first study to assess web-based information
regarding PAD and IC with respect to NICE and AHA
guidelines, no direct comparisons to previous literature can be
made. However, the 81.2% of accurate recommendations by
websites found in this study is higher than that reported in a
similar study on low back pain and pancreatic cancer, where
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only 43.3% and 55% of website treatment recommendations,
respectively, were accurate [9,10]. Both of these studies included
more results from their searches—the first 50 or 100 results
from each search—than this study, which only included the first
20 results [10]. Screening more results may yield websites that
are less related to the search terms on the latter pages and yield
less accurate recommendations as a result. Individuals rarely
look past the first 2 pages of search engine results; hence,
screening the first 20 results (2 pages) will have covered the
sites that people with PAD are most likely to view.

Even though the recommendation accuracy was high,
comprehensiveness was low with websites, averaging 8 out of
21 accurate recommendations (38%) from the guidelines. This
indicates that generally, websites do not go into enough depth
about the variety of treatment options for PAD and IC. This
finding is similar to that of a previous study, where websites
covered 6.73 of 17 recommendations (40%) for low back pain
on average [10].

Smoking is one of the strongest risk factors for PAD [20], and
cessation in people with IC has been shown to reduce mortality
[21]. This is reflected in the web-based information as smoking
cessation was accurately recommended by 86% of websites.
Lifestyle modifications are the first line of treatment for PAD
and can reduce cardiovascular ischemic events and improve
function [3]. Therefore, it is surprising that the next most
appropriately endorsed recommendation from websites was
angioplasty (n=52/62, 84%). Surgical procedures are not a first
line of treatment for most people with PAD, but among the
websites reviewed in this study, they are more commonly
recommended than, for example, exercise. A large proportion
of the analyzed websites were those of US hospitals (24/62,
39%), and these sites may be advocating more for the surgical
services they provide. A study of web-based information on
pancreatic cancer yielded similar findings, indicating that
website recommendations from US treatment centers were
focused on treatment options offered at their facilities [9]. While
information provided on these websites is mostly accurate, it is
not comprehensive enough and could introduce surgical bias,
thus undermining the potential success of other management
strategies.

The general lack of self-management information found on
websites in this study is reflective of the overall attitudes toward
PAD and IC treatment in both the United Kingdom and the
United States. A recent review of patient experiences of PAD
[22] reported that patients often have very limited understanding
of their condition. Being unaware of the systemic nature of PAD
while also lacking information on self-management techniques
from health care professionals leads patients to believe that
surgical interventions alone will “cure” them [23,24]. People
with PAD are often not involved in treatment-related
decision-making and believe that doctors and surgeons know
best, leading to unrealistic expectations from surgical
interventions [25]. These individuals do not consider walking
as a treatment—this is an illustration of the limited education
about their condition that they are receiving from health care
professionals [25]. Patients often feel the need to seek further
information from friends, family, and the internet, making it

even more important for web-based information to be accurate
and comprehensive [26].

This perhaps also highlights a wider issue related to education
on and the management of PAD and IC. Health care
professionals, often in the context of limited resources, may
refer their patients to web-based information, who in turn believe
that the sources are comprehensive and accurate. This may serve
as a substitute for or to supplement the education provided in
the clinic. The findings of this review indicate that even websites
normally considered reliable—for example, those of the AHA,
British Heart Foundation, and Mayo clinic (see Multimedia
Appendices 1-3)—have substantial limitations. Further
engagement of specialized clinicians and educators in
developing, reviewing, and signposting educational resources
is required and may contribute to improved knowledge even
among health care professionals [27].

After smoking cessation, exercise is arguably the next most
important recommended self-management treatment for PAD
and IC [28]. Therefore, it is promising that many websites
(51/62, 82%) recommended this accurately. The literature
suggests that supervised exercise programs (SEPs) are more
beneficial to people with PAD and those with IC than general
advice on home exercise [29,30]. However, SEPs have been
much less frequently and appropriately endorsed by websites
(21/62, 34%). Even though SEPs are endorsed by the NICE and
AHA guidelines [3,16], lack of resources and funding often
prevent their widespread use in practice [31]. Therefore,
recommendations on websites alone are not enough to improve
the management of PAD. There needs to be cohesion among
guidelines, website recommendations, and the availability of
health care resources to allow the provision of optimal care for
patients with PAD.

Worldwide, the HON Foundation is recognized as an
organization that assesses the quality of web-based health
information directed at patients. In this study, only a small
proportion of websites presenting PAD and IC treatment
recommendations displayed the HONcode certificate logo (8%),
which is lower than that reported for websites providing
information regarding idiopathic pulmonary fibrosis (15%) and
low back pain (41%) [8,11]. Importantly, HON
Foundation–certified websites were not drastically better or
more or less readable than noncertified websites. They tended
to include more than the average number of accurate
recommendations (8/21) but still also included many unclear
recommendations. This suggests that the HONcode does not
completely reflect the quality or accuracy of websites providing
health information, which adds to the challenge of determining
the accuracy of web-based health information for patients.

A significant concern regarding web-based health information
is how accessible this information is to the average reader.
Previous research has found most health websites do not have
acceptable readability levels, including those designed for people
with PAD [12]. Studies assessing web-based information on
inflammatory bowel disease and pancreatic cancer found that
only 4%-5% of websites were “readable,” as revealed by a
FKGL of <8 [9,18]. Similarly, only 5% of websites in this
review achieved this acceptable reading level. The average
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FKGL of websites supplying PAD and IC health information
was 11.2, which is much higher than the grade 6-8 level
recommended for this type of information. Increased accuracy
of websites is associated with increased reading level scores,
and it seems to be difficult to produce accurate and easily
understood information for all audiences [32]; however, it is
important that all those who provide medical information via
web-based resources are aware of the importance of providing
both accurate and readable content.

Limitations
In this study, the only search engine used was Google as it is
known to have the best search validity and is the most popular
search engine [10,15]. Multiple search engines have been used
in other studies to enhance the likelihood of finding all relevant
websites. The literature on this is conflicting; however, studies
have shown that only 1% of first-page results were the same
when searched on both Google and Yahoo [18], with a high
degree of overlap between results from different search engines
[10]. Furthermore, the findings of this review may be limited
from a global perspective owing to only seeking websites
presented in English and only from US- and UK-specific website
domains. However, as we were comparing website
recommendations to the NICE and AHA guidelines, it was
appropriate to use websites from corresponding countries. Using
specific search terms to target “trustworthy” websites could be
a limitation as the average person searching for this information

would be unlikely to use these specific search terms. However,
this meant that the recommendations by the websites are more
likely to be trusted and followed by individuals. In this study,
ranking of search results and website layout and design were
not evaluated, but it is likely that this may also affect a person's
ability to access accurate information.

Conclusions
Websites recommending treatments and management of PAD
and IC are mostly accurate but have low credibility, low
comprehensiveness, and are too complex for the average person
to understand. With an increasing number of individuals seeking
health information on the internet, it is imperative that websites
be of high quality and do not act as barriers to patient education
or introduce bias or unrealistic expectations for care. Rather,
they should support self-management and behavior change and
should reflect the advice and treatment options provided by
health care professionals. Websites presenting information on
PAD and IC should do so in accordance with evidence-based
guidelines as much as possible, and health care professionals
must ensure that they are providing clear and complete
information to people with PAD and IC to avoid them from
lacking an understanding of their condition. Future research
should further assess available web-based information on PAD
and IC, as well as overall patient and professional perceptions
of the condition.
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Abstract

Background: The population of older adults is projected to increase, potentially resulting in more older adults living with
chronic illnesses or multimorbidity. Living with chronic illnesses increases the need for coordinated health care services. Older
adults want to manage their illnesses themselves, and many are positive about using eHealth for care coordination (CC). CC can
help older adults navigate the health care system and improve information sharing.

Objective: This study aimed to map the research literature on eHealth used in CC for older adults living at home. This study
assessed CC activities, outcomes, and factors influencing the use of eHealth in CC reported by older adults and health care
professionals.

Methods: We used a scoping review methodology. We searched four databases—MEDLINE, CINAHL, Academic Scoping
Premier, and Scopus—from 2009 to 2021 for research articles. We screened 630 records using the inclusion criteria (older adults
aged >65 years, primary health care setting, description of an eHealth program or intervention or measure or experiences with
the use of eHealth, and inclusion of CC or relevant activities as described in the Care Coordination Atlas). The analysis of the
included articles consisted of both a descriptive and thematic analysis.

Results: A total of 16 studies were included in this scoping review. Of these 16 studies, 12 (75%) had a quantitative design,
and the samples of the included studies varied in size. The categories of eHealth used for CC among older adults living at home
were electronic health records and patient portals, telehealth monitoring solutions, and telephone only. The CC activity
communication was evident in all studies (16/16, 100%). The results on patient- and system-level outcomes were mixed; however,
most studies (7/16, 44%) reported improved mental and physical health and reduced rehospitalization and hospital admission
rates. Observing changes in patients’ health was a facilitator for health care professionals using eHealth in CC. When using
eHealth in CC, available support to the patient, personal continuity, and a sense of security and safety were facilitators for older
adults. Individual characteristics and lack of experience, confidence, and knowledge were barriers to older adults’ use of eHealth.
Health care professionals reported barriers such as increased workload and hampered communication.

Conclusions: We mapped the research literature on eHealth-enabled CC for older adults living at home. We did not map the
gray literature as we aimed to map the research literature (peer-reviewed research articles published in academic journals). The
study results showed that using eHealth to coordinate care for older adults who live at home is promising. To ensure the successful
use of eHealth in CC, we recommend customized eHealth-enabled health care services for older adults, including individualized
education and support.

(J Med Internet Res 2022;24(10):e39584)   doi:10.2196/39584
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Introduction

Background
It is estimated that the population of older adults aged >65 years
will double between 2010 and 2050, and over half of them are
expected to live with multimorbidity [1-4]. Aging causes older
adults to live with potentially both frailty and chronic illnesses,
both affecting their health trajectory [5]. Furthermore,
noncommunicable diseases (cardiovascular diseases, cancers,
chronic respiratory diseases, and diabetes) are a global health
challenge [6]. The World Health Organization calls for better
management of noncommunicable diseases and mental health
conditions in primary health care, especially among older adults
[7]. Living with chronic illness or multimorbidity often results
in fragmented health care services and a lack of information
sharing among members of the health care team and between
health care professionals and patients [8-10]. Care coordination
(CC) can reduce system fragmentation, help patients navigate
the health care system, and improve information sharing [11].
In this scoping review, we understand CC according to the
definition by McDonald et al [12]: “The deliberate organization
of patient care activities between two or more participants
(including the patient) involved in a patient’s care to facilitate
the appropriate delivery of health care services [...].” We use
the term health care professionals, which includes nurses
working in both specialist and primary care, physicians, or
general and specialist practitioners [13].

Health ITs (HITs), electronic health records (EHRs), and patient
portals are important tools for CC that enable health care
professionals and patients to share, access, and manage
information [14,15]. Other types of eHealth include health
applications, telehealth, contact through telephone use, and
other medical devices such as sensor technology [16]. McDonald
et al [11] describe HIT as an enabler of coordination as it makes
it possible to exchange and share information and communicate
among health care professionals as well as with patients [16].

Previous research has shown that many older adults want to
manage their illnesses themselves [17-20], and many are positive
about the use of eHealth [18]. This aligns with the expectation
of treating and caring for older adults with multimorbidity or
chronic illnesses in their homes [21-24]. An explorative
qualitative study of primary health care professionals and older
adults living at home points out that electronic care plans can
improve primary care by ensuring accessible information for
patients, next of kin, or health care professionals [25]. Husebø
and Storm [26] reported that the use of video communication
in web-based home visits to older adults can facilitate continuous
and coordinated care between the patient and health care
professionals. Improved information flow among health care
professionals in the primary care and specialist health care
services can be associated with fewer emergency department
(ED) visits and reduce the likelihood of outpatient visits among
older adults [27]. Kooij et al [28] conducted a systematic review
of HIT interventions to support shared care for patients with

chronic illnesses and reported that EHRs resulted in fewer
rehospitalizations and more visits to primary care physicians.

Peterson et al [29] conducted a systematic scoping review of
37 CC frameworks and identified a need to increase the use of
theoretical frameworks when assessing care initiatives,
especially in a primary care setting. Peterson et al [29] pointed
out that the definition of CC by McDonald et al [11] is the most
cited. The Care Coordination Atlas framework focuses on
organizing and evaluating measures [29]. McDonald et al [11]
organized CC measures into activities that enhance CC. These
activities are directed at health care professionals and include
facilitating information exchange and communication,
facilitating transitions, assessing the patient’s needs and goals,
creating a proactive plan of care, monitoring, following up and
responding to change, supporting self-management goals,
linking to community resources, and aligning resources with
patient and population needs. The framework can adapt to the
developing CC field and is especially relevant for CC in the
primary health care setting [11]. The framework also suggests
validated measures for each of the activities [11,29]. Thus, the
Care Coordination Atlas was used in this scoping review to
identify and report CC activities when using eHealth in CC for
older adults.

Objectives
A limited amount of research has focused on eHealth to support
CC in older adults [30]. There is a need to gain more knowledge
on how best to support older adults using eHealth [31] and
particularly to examine eHealth in CC for older adults living at
home [30]. This scoping review mapped the research literature
(peer-reviewed research articles published in academic journals)
to explore the use of eHealth in CC for older adults. The research
questions that guided our review were as follows: (1) What
categories of eHealth can be identified in the research literature
and how do the CC activities relate to the eHealth categories?
(2) What are the patient and health care use outcomes associated
with the use of eHealth in CC? (3) What factors influencing the
use of eHealth in CC are reported by older adults and health
care professionals?

Methods

Scoping Review Methodology
We followed the Arksey and O’Malley scoping studies
framework [32]: (1) identifying the research questions; (2)
identifying relevant studies; (3) selecting the studies; (4) charting
the data; and (5) collating, summarizing, and reporting results.
In addition, the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) checklist and explanation developed by Tricco et al
[33] were used as a reporting tool.
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Identifying Relevant Studies (Databases and Search
Terms)
The search was conducted in the MEDLINE, CINAHL,
Academic Search Premier, and Scopus databases and included
research articles published between 2009 and 2021. The last
search was conducted in December 2021 by HMHF in
collaboration with a university librarian. Search terms related
to CC (coordinated care, integrated care, integrated health,
care management, patient care management, case management,
care transition, continuity of care, care planning, continuum
of care, and shared care), eHealth (telecare, telehealth,
telemedicine, remote consultation, assistive technology,
electronic health record, information communication
technology, and mhealth), home care (home care services, home
nursing, community-dwelling, independent living, home based
care, community health services, municipal health services,
primary health care, and general practitioner), and older
patients (elderly, aged, older person, elderly and chronic illness,

elderly and multimorbidity, older adult, and frail elderly) were
used. In addition, Medical Subject Headings and thesaurus terms
were used when possible (see Multimedia Appendix 1 for all
search terms and an example of a search).

Selection of Studies
The selected studies were included based on a 2-step iterative
process. First, we developed and tested a set of preliminary
eligibility criteria, which we used to screen the titles. All authors
met to discuss the preliminary eligibility criteria and did some
final modifications (Textbox 1). Second, we tested the final
eligibility criteria on 20 titles and abstracts and found them
fitting. The final eligibility criteria (Textbox 1) were used to
screen all titles and abstracts in collaboration with all authors.
HMHF screened all articles (both titles and abstracts), and
AMLH and MS screened 30 titles and abstracts each. All
full-text articles were screened by HMHF. The 3 authors
screened the same 11 full-text articles. The included articles
were read by all authors.

Textbox 1. Final eligibility criteria.

Inclusion criteria

• Older adults aged >65 years

• Primary health care setting; older adults living in their own home

• Describing an eHealth program or measure or intervention or experiences with the use of eHealth

• Including care coordination or relevant activities as described in the Care Coordination Atlas

• Published after 2009

• Reported in English

• Peer-reviewed when possible to choose a limitation in the database

Exclusion criteria

• Older adults aged <65 years, next of kin, informal caregivers, and studies including different age groups when it was not possible to extract data
on those aged >65 years

• Older adults living in nursing homes or who were in a hospital

• Studies with a primary focus on cost-effectiveness

• Books, book chapters, literature reviews, study protocols, conference and poster abstracts and papers, editorials, and discussion papers

The EPPI-Reviewer (version 4; EPPI-Centre) software [34] was
used in the screening process. All 3 authors met and discussed
the inclusion and exclusion of records according to the eligibility
criteria. Disagreements regarding inclusion or exclusion were
resolved through discussions between the authors. Agreement
on inclusion was reached for all articles.

Charting the Data
Descriptive data were charted from each article according to
the following: authors; country of origin; study population (age
group and number of participants); and type of eHealth program,
intervention, measure, or experience with eHealth. For the
articles that described patient or health care use outcomes, we
extracted and charted these results when applicable. Data
relevant to CC activities and factors influencing the use of
eHealth in CC were also extracted. Data charting was conducted
by HMHF with input from AMLH and MS.

Collating, Summarizing, and Reporting the Results
We prepared a descriptive summary of the study characteristics
(country of origin, methods used, overview of included
participants, and year of publication). We were inspired by a
thematic analysis to thematically organize and present the study
results [35]. The first author conducted an inductive analysis to
identify codes of eHealth tools or solutions described in the
articles, which were classified into 3 eHealth categories. Arksey
and O’Malley [32] suggest using a theoretical framework to
summarize and describe variables. Hence, we conducted a
deductive thematic analysis to identify CC activities in the
eHealth categories. HMHF searched for and documented
relevant CC activities in the included studies. To identify patient
and health care use outcomes and factors influencing the use of
eHealth in CC, we used an inductive thematic analysis.
Outcomes were coded and categorized into patient-level and
system-level outcomes. When analyzing factors influencing the
use of eHealth, HMHF identified codes, which were categorized
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into facilitators of and barriers to the use of eHealth in CC.
HMHF led the analysis process. The codes and identified
categories were discussed with MS in 6 analysis meetings, and
AMLH participated in 2 meetings.

Results

Overview
The study selection process is illustrated in Figure 1 [36]. A
total of 1057 records were identified; after duplicates were

removed, we screened the titles and abstracts of 630 (59.6%)
records. A total of 89.2% (562/630) of titles and abstracts and
76% (52/68) of full-text articles were excluded, and the reasons
are documented in the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) flow diagram in Figure
1. The main reason for exclusion was that the study population
did not meet the age criterion (>65 years). Another frequent
reason for exclusion was that the study did not describe an
eHealth intervention or experience with eHealth. A total of 68
articles were assessed in full text for eligibility, of which 16
(24%) were included in this scoping review.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Study Characteristics
Of the 16 included articles, 4 (25%) were from 2 research studies
and had the same first authors: Makai et al [37,38] and Gellis
et al [39,40]. The study sample sizes varied. The smallest sample

size was reported in the study by Gokalp et al [41] (N=36). A
research article presenting a randomized controlled trial (RCT)
had the largest sample size (N=3661). See an overview of the
study designs and participant characteristics in Table 1.
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Table 1. Overview of study designs and participant characteristics (N=16).

Perspectives represented in
the study

Participant characteristicsType of study designAuthors, country of
origin

Quantitative pilot studySheeran et al [42],
United States

• Patients• 55 participants
• •48 patients with depression Health care professionals
• 7 health care professionals

Quantitative pilot studyLogue and Effken
[43], United States

• Patients• 38 patients with chronic illnesses

Quantitative pilot study or
technical review

Gokalp et al [41],
United Kingdom

• Patients• 36 patients; frail older adults with at least one chronic dis-
ease • Health care professionals

• Service team including health care professionals (number
not specified)

Quantitative observational
study

Lewis et al [44], Ire-
land

• Patients• 54 patients; frail older adults with comorbidities such as
dementia, cardiovascular disease, hypertension, cerebral

vascular disease, or COPDa

Quantitative observational
study

De Jong et al [45],
Netherlands

• Patients• 96 patients with a dementia diagnosis
• Health care professionals

Quantitative controlled be-
fore-and-after study

Makai et al [38],
Netherlands

• Patients• 682 patients; frail older adults

• 290 patients in the intervention group
• 392 patients in the control group

RCTbBiese et al [46],
United States

• Patients• 120 patients who were discharged from the EDc; no require-
ments of chronic condition or diagnosis • Health care professionals

• 39 patients in the intervention group
• 35 patients in the placebo group
• 46 patients in the control group

RCTMavandadi et al
[47], United States

• Patients• 1018 patients with depression or anxiety

• 509 patients in the intervention group
• 509 patients in the control group

RCTGurwitz et al [48],
United States

• Patients• 3661 patients who were discharged from the hospital (some
had no diagnosis or chronic conditions, and others had dia-
betes, myocardial infarction, heart failure, COPD, cancer,
stroke, cerebrovascular disease, or renal disease)

• 1870 patients in the intervention group
• 1791 patients in the control group

RCTGellis et al [39],
United States

• Patients• 115 patients with either heart failure or COPD and screened
for depression

• 57 patients in the treatment group
• 58 patients in the control group

RCTGellis et al [40],
United States

• Patients• 115 patients with either heart failure or COPD and screened
for depression • Health care professionals

• 57 patients in the treatment group
• 58 patients in the control group

Mixed methods; descriptive
quantitative study and quali-
tative focus group study

Cutrona et al [49],
United States

• Patients• 799 patients who were discharged from the hospital (diag-
nosis not mentioned in the article) • Health care professionals

• Focus group with 5 physicians

Mixed methods; quantitative
study and qualitative individ-
ual interviews

Makai et al [37],
Netherlands

• Patients• 290 patients; frail older adults
• •23 of these patients and their informal caregivers were in-

cluded in semistructured individual interviews
Health care professionals
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Perspectives represented in
the study

Participant characteristicsType of study designAuthors, country of
origin

• Patients
• Health care professionals

• 200 patients with two or more chronic conditions (at least
one of them being COPD, chronic heart failure, or diabetes
mellitus)

• 101 patients in the intervention group
• 99 patients in the control group
• 9 qualitative interviews with patients, carers, clinicians,

nurses, and managers

Mixed methods; quantitative
and qualitative study

Mateo-Abad et al
[50], Spain

• Health care professionals• 44 IT and health care professionals’experiences with imple-
mentation and integration of an IT-supported care pathway
for frail older adults

Longitudinal qualitative
study

Dent and Tutt [51],
United Kingdom

• Patients
• Health care professionals

• 42 participants
• 12 patients with multimorbidity (one chronic condition was

either heart failure or diabetes mellitus)
• 3 registered nurses
• 20 physicians
• 7 family caregivers

Qualitative studyFreilich et al [52],
Sweden

aCOPD: chronic obstructive pulmonary disease.
bRCT: randomized controlled trial.
cED: emergency department.

In total, 44% (7/16) of the studies were conducted in the United
States [39,40,42,43,46-49]. A total of 12% (2/16) of the studies
were conducted in the Netherlands [37,38,45], and 12% (2/16)
were conducted in the United Kingdom [41,51]. In total, 6%
(1/16) of the studies were conducted in each of the following
three countries: Ireland [44], Spain [50], and Sweden [52]. Of
the 16 articles, 7 (44%) were published in 2014
[35,37-39,41,45,50], and 4 (25%) were published in 2017
[44,49] and 2018 [41,45]. However, no studies were included
from 2019 or 2021. A total of 12% (2/16) of the studies were
published in 2020 [50,52].

Most studies (12/16, 75%) had a quantitative design [38-48]
(Table 1). Among the 16 studies, there were 5 (31%) quantitative
pilot or observational studies [41-45], 5 (31%) RCTs
[39,40,46-48], and 1 (6%) before-and-after study [38]. A total
of 19% (3/16) of the studies were mixed methods and combined
qualitative and quantitative data [37,49,50], and 12% (2/16)
had a qualitative design [51,52].

The included patients had a variety of chronic illnesses or
multimorbidity, such as heart failure, chronic obstructive
pulmonary disease, diabetes, cancer, dementia
[39,40,44,45,48,50,52], frailty [37,38,41,44,51], or depression
or anxiety [39,42,47]. A total of 56% (9/16) of the studies had
participants who were older adults [37-40,43,44,46-48]. In total,
25% (4/16) of the studies were limited to older adults. However,
this 25% (4/16) of studies also collected data on health care
professionals’ use of the eHealth intervention (how many times
health care professionals opened alerts or accessed an electronic
health portal) [37,40,45,46]. A total of 31% (5/16) of the studies
included both older adults and health care professionals such
as nurses, general practitioners, and health managers
[41,42,49,50,52]. In total, 6% (1/16) of the studies were limited
to health care professionals and focused on electronic integrated
e-pathways for frail older adult patients [51].

Categories of eHealth and CC Activities

Overview
We identified three categories of eHealth in CC for older adults
living at home in the included studies: (1) EHRs and patient
portals, (2) telehealth monitoring solutions, and (3) telephone
only. In the EHRs and patient portals category, electronic
journals, personal health portals, and electronic personal health
plans were used in CC [37,38,43,45,48-50]. In the telehealth
monitoring solutions category, virtual ward or sensor technology
was used [39-42,44,51,52]. In all these studies (7/7, 100%),
sensor technology and telehealth monitoring were combined
with electronic portals or home visits [39-42,44,51,52].
Telephones only were used in 12% (2/16) of the studies [46,47].
See Multimedia Appendix 2 [37-52] for an overview of the
eHealth interventions or solutions used in the studies and the
identified CC activities.

EHRs and Patient Portals
A total of 44% (7/16) of the studies [37,38,43,45,48-50] were
classified in the EHRs and patient portals category. Logue and
Effken [43] described barriers and facilitators when older adults
used a personal health record to manage their health. De Jong
et al [45] evaluated health care professionals’ use of an
electronic health portal (Congrendi). Makai et al [37,38]
conducted an intervention on a health and welfare information
portal (ZWIP) for frail older adults. Cutrona et al [49] explored
the use of electronic messages sent upon hospital discharge of
older adults and received by primary care physicians in the
EHR. Mateo-Abad et al [50] conducted and evaluated an
intervention including an electronic personal health folder with
information, education, care plans, electronic messages between
older adults (or their carers) and health care professionals, and
monthly telephone and face-to-face meetings. Gurwitz et al [48]
measured the effect of using EHRs and sent automatic alerts to
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the primary care health care professionals when older adults
were discharged from hospital to home.

In Table 2, CC activities according to the Care Coordination
Atlas are described. Communication and information exchange
is evident in 100% (7/7) of the studies. The study by
Mateo-Abad et al [50] included several CC activities, for
example, support for self-management goals where the patients
were educated and guided on managing their chronic illness by

using the health portal and over the telephone. Furthermore, the
patients reported personal health data in the health portal [50].
In many studies (6/7, 86%), health care professionals received
automatic alerts about information such as new medication, test
results, or recommendations on treatment registered in the EHRs
and patient portals [37,38,43,45,48,49]. Automatic alerts were
related to the CC activities communication and information
exchange, facilitation of transitions, monitoring, following up,
and responding to change.

Table 2. Overview of Care Coordination Atlas activities in the electronic health records (EHRs) and patient portals category.

EHRs and patient portalsCare Coordination Atlas activities

Establish accountability or negotiate
responsibility

• Patients were responsible for who they wanted to add to their electronic health portal [37,38].
• Patients had to give permission to begin a record and invite health care professionals to sign up. However,

patients themselves did not use the eHealth portal [45].

Communicate • Health care professionals and patients, or professionals and other health care professionals communicated
with the help of electronic messages [45,49,50].

• Contact with the patient through telephone or in person [37,38,45,50]
• Health care professionals received automatic digital alerts about relevant patient health information

[37,38,43,45,48,50].

Facilitate transitions • Primary care health care professionals received automated alerts when a patient was discharged from the
hospital regarding discharge information, new drugs, medication warnings, and notification to schedule a
follow-up appointment [48,49].

Assess needs and goals • Patients could register care-related goals in the electronic care plan and initiate a change in the plan when
a goal was reached [37,38].

Create a proactive plan of care • By using and accessing an electronic personal health plan, patients were more involved and responsible
for their health [50].

Monitor, follow up, and respond to
change

• Health care professionals followed up on clinical information that was registered in the health portal [50].

Support self-management goals • Patients received education and guidance on managing their chronic illness over the telephone or in the
health portal [50].

Link to community resources • Not evident

Align resources with patient and
population needs

• Health care professionals in primary care experienced an increased workload with the new eHealth model
[50].

Telehealth Monitoring Solutions
The category of telehealth monitoring solutions, such as sensor
technology and virtual wards, was evident in 44% (7/16) of the
studies [39-42,44,51,52]. Gokalp et al [41] focused on piloting
a telemonitoring system for older adults, including various
sensors such as pulse sensors, bed sensors, glucose meters, and
blood pressure (BP) meters. Sheeran et al [42] tested the
feasibility, acceptability, and clinical outcomes of a
telemonitoring technology for older adults with depression.
Lewis et al [44] monitored and tested a community ward
integrating specialist and primary health care. Gellis et al [39,40]
evaluated and examined the impact of a telehealth monitoring
intervention, including a tabletop monitor at the homes of older
adults where they could register weight, BP, pulse, and other
vital signs. In addition, a health care professional conducted
depression treatment sessions over the telephone for older adults
with comorbid depression [40]. Dent and Tutt [51] reported

health care professionals’ experiences with an e-care pathway,
including a virtual ward and telemonitoring of a patient in their
home. Freilich et al [52] explored the perspectives of health
care professionals, patients, and caregivers on the use of a
telemedicine program, including telehealth monitoring (BP,
weight, and blood sugar) and the use of a tablet to conduct video
meetings with a nurse.

CC activities such as communicating and exchanging
information, facilitating transitions, monitoring, following up,
and responding to change were evident in all studies (7/7,
100%), as described in Table 3. In the studies by Lewis et al
[44] and Dent and Trutt [51], the CC activity to facilitate
transition was apparent as information on patient transfer was
electronically sent from specialist to primary health care.
Telephone and EHRs and patient portals were combined with
telehealth monitoring, where health care professionals conducted
education or counseling sessions over the telephone, video, or
in EHRs and patient portals [39,40,42,52].
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Table 3. Overview of Care Coordination Atlas activities in the telehealth monitoring solutions category.

Telehealth monitoring solutionsCare Coordination Atlas activities

Establish accountability or negotiate
responsibility

• A telehealth nurse was assigned to be a care manager for the patient and contacted other health care profes-
sionals when necessary [42].

• A senior nurse was appointed as the clinical care manager and was responsible for patient care [44].
• Some patients reported not knowing if primary health care professionals or hospital specialists communi-

cated with each other [52].

Communicate • Education or counseling sessions were conducted over the telephone [39,40,42,52].
• The studies used a variation of home visits, video meetings, or telephone calls to patients or health care

professionals [41,42,44,51,52].
• Patients’ health data were registered in a portal and reviewed by a nurse [41,52].

Facilitate transitions • Information about the patient was sent to primary health care when the patient was transferred between
specialist and primary health care or needed a change in treatment [44,51].

• Telehealth nurses contacted and referred patients to primary care health care professionals when they ob-
served changes in patients’ health data [41].

• Different health care professionals were located together, and a care manager followed up with the patient
across specialist and primary care [44].

• If a patient was discharged from hospital to home, a community nurse received an alert in an electronic
portal and would ensure early discharge of the patient [51].

Assess needs and goals • A telehealth nurse provided goal setting over the telephone with patients [42].

Create a proactive plan of care • Not evident

Monitor, follow up, and respond to
change

• Health care professionals monitored and assessed patient health data that were registered in an eHealth
portal [39-42,44,51,52].

• Some patients felt secure knowing that a nurse kept track of their health parameters and would contact
them if changes were observed [52].

Support self-management goals • Patients received education or counseling sessions over the telephone or via an eHealth portal [39,40,42,52].
• Patients could ask questions or discuss a problem with a telehealth nurse when needed [39,40].

Link to community resources • Not evident

Align resources with patient and
population needs

• A virtual ward model with telehealth monitoring was set up with existing resources [44].

Telephone Only
A total of 12% (2/16) of the studies belonged to the third
category, telephone only [46,47], and the telephone was used
in combination with EHRs, patient portals, and telehealth
monitoring solutions [39-42,44,50], as reported in Tables 2 and
3. As shown in Textbox 2, support for self-management goals
was evident in the study by Mavandadi et al [47], where a nurse
conducted symptom monitoring, education, and problem-focused

therapy for older adult patients with depression and anxiety
over the telephone. The study was an RCT; however, >20% of
the included patients did not complete the intervention because
of reduced cognitive function [47]. The RCT study by Biese et
al [46] evaluated a telephone intervention in which older adults
were telephoned within 5 days of an ED visit regarding making
an appointment with physicians or medication changes. In this
study, approximately 10% of the patients could not be reached
by telephone after 3 attempts [46].
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Textbox 2. Overview of Care Coordination Atlas activities in the telephone only category.

Care Coordination Atlas activities identified

• Establish accountability or negotiate responsibility: not evident

• Communicate: health care professionals contacted patients over the telephone [46,47]

• Facilitate transitions: a nurse telephoned patients 3 days after discharge from hospitals and helped patients who needed it navigate the health care
system by reviewing discharge instructions and making appointments with or referrals to physicians [46]

• Assess needs and goals: not evident

• Create a proactive plan of care: not evident

• Monitor, follow up, and respond to change: health professionals monitored response to treatment and facilitated treatment over the telephone
with patients [47]

• Support self-management goals: a study nurse conducted symptom monitoring, education, and problem-focused therapy with patients over the
telephone [47]

• Link to community resources: not evident

• Align resources with patient and population needs: not evident

Patient-Level and System-Level Outcomes
Overall, 56% (9/16) of the studies measured the effect on
patient- or system-level outcomes when implementing, piloting,
or testing an eHealth solution [38-40,42,44,46-48,50]. See Table
4 for a detailed description of the interventions and outcomes.
The patient-level outcomes were related to physical or mental
health and social or problem-solving skills [38-40,42,47,50].
The system-level outcomes were related to health care use, such
as hospitalizations, readmissions, follow-up visits with primary
care health care professionals, or ED admission rates
[39,44,46,48,50]. The patient-level outcomes were measured
using standardized scales and survey questionnaires or recording
vital signs throughout the intervention [38-40,42,47,50].
System-level outcomes were measured with objective scores,
such as how often or if the patient went to the general
practitioner or differences in hospitalization or ED visit rates
between the intervention and control groups [39,44,46,48,50].

The patient- and system-level outcomes were mixed. Of the 9
studies, 7 (78%) showed improved physical or mental health
[39,40,42,47,50], improved social and problem-solving skills
[39,40], lower hospitalization rates, lower ED visits [39,44,46],
and increased follow-up rates with primary care health care
professionals [46,50]. In total, 11% (1/9) of the studies
demonstrated no differences in physical or mental health
between the intervention and control groups [38]. Makai et al
[38] included 682 older adults in their study with a control and
intervention group. The study by Gurwitz et al [48] did not
demonstrate an increase in follow-up visits with primary care
health care professionals or a reduction in rehospitalization
rates. This study included >3661 patients but did not explore
ways of communicating directly with patients or health care
professionals other than sending automatic alerts to health care
professionals [48].

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39584 | p.110https://www.jmir.org/2022/10/e39584
(page number not for citation purposes)

Fjellså et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Overview of interventions and identified patient-level and system-level outcomes.

System-level outcomesPatient-level outcomesIntervention description

There were lower hospitalization
rate and increased appointments

Health data levels (BMI, blood
pressure, blood glucose, and oxygen

Mateo-Abad et al [50] conducted and evaluated the effect of an electronic
personal health folder, which included accessing information, electronic

with general practitioners and nursessaturation) were significantly re-messages, web-based education, monthly telephone calls, and face-to-face
in the intervention group compared
with the control group [50].

duced in the intervention group
compared with the control group
[50].

sessions with nurses. The intervention group used the electronic personal
health folder and received usual care. The control group only received
usual care. Outcomes related to clinical effect and the use of services were
measured at two points throughout the intervention period (9 and 12

months). EHRa and administrative databases were used to extract available
information.

N/AbThe researchers observed no differ-
ences in physical or mental health

Makai et al [38] conducted a controlled before-and-after study of the health
and welfare portal ZWIP. ZWIP contains a secure electronic messaging

between the intervention and control
groups [38].

system and an EHR where the patient can invite health care professionals
and their caregiver to join. Data were collected using a questionnaire with
patients and their families at baseline and after 12 months. The control
group received usual care.

The study did not demonstrate an
increase in follow-up visits with

N/AThe study by Gurwitz et al [48] assessed the effect of an EHR intervention.
In the intervention group, automatic alerts were sent to the primary care

primary care health care profession-health care professionals when older adults were discharged from the
als or a reduction in rehospitaliza-
tion [48].

hospital. Data were collected on whether discharged individuals had an
office visit with a primary care physician in the 7-, 14-, and 30-day periods
after hospital discharge. The primary care health care professionals did
not receive automatic alerts or information when older adults in the control
group were discharged.

N/A19 older adults had severe depres-
sion after the intervention, and 16

The quantitative pilot study by Sheeran et al [42] consisted of testing the
feasibility, acceptability, and preliminary clinical outcomes of a telemon-

of them reported a mild depression
score after the intervention [42].

itoring technology to provide depression care. Data from older adults were
collected at baseline and at the discharge of the intervention, which lasted
a minimum of 3 weeks. Older adults had telephone contact or home visits
by a telehealth nurse.

The control group in their RCT
study had significantly more visits

Patients in the intervention group
showed a greater increase in general

Gellis et al [39] conducted an RCTc that tested the intervention, including
the Honeywell Health Monitoring system. Weight, blood pressure, pulse,

to the EDd than the intervention
group after 3 months [39].

health and social functioning than
patients in the control group after 3
months [39].

oxygen saturation, and temperature were monitored daily. A telehealth
nurse was available for the older adults daily and monitored the data. In-
formation from the older adults was collected using study questionnaires
at baseline and at approximately 3 months. The control group received
usual care.

N/AResults showed that the intervention
group had greater problem-solving

Gellis et al [40] conducted an RCT that tested the intervention, including
the Honeywell Health Monitoring system. In addition, the intervention

abilities, and their depressiongroup received chronic illness and depression care management and
symptom scores improved signifi-problem-solving treatment. A telehealth nurse monitored data and com-
cantly compared with those of thepleted problem-solving treatment over the telephone with the older adults.
control group at the 3-month survey
[40].

A satisfaction survey, depression rating scale, and other information were
collected at baseline and 3 and 6 months.

The study demonstrated a reduction
in ED visits and unplanned hospital
admissions [44].

N/ALewis et al [44] conducted a quantitative observational study of a virtual
ward using telehealth monitoring solutions. The virtual ward monitored
older adults with home visits and telephone consultations. The risk of
hospital admission was measured upon admission to the virtual ward. The
number of unplanned admissions and ED presentations was measured
before starting the intervention and upon discharge from the virtual ward.

N/AThe older adults in the intervention
group reported greater improvement

Mavandadi et al [47] conducted an RCT where the older adults in the in-
tervention group received telephone-delivered symptom monitoring and

in overall mental health functioningwere provided with educational and problem-focused therapy. The inter-
and reduced anxiety and depressivevention group received maintenance calls at the 4-, 5-, and 6-month follow-
symptoms compared with those in
the control group [47].

ups. Both the control and the intervention group received 4 brief follow-
up assessments over the telephone.
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System-level outcomesPatient-level outcomesIntervention description

The older adults in the intervention
group were more likely to see a
physician within 5 days compared
with the control and placebo groups
[46]. The study further showed a
reduction in the number of regis-
tered admissions in an ED; however,
this was not significant compared
with the control and placebo groups
[46].

N/ABiese et al [46] conducted an RCT that evaluated a telephone call interven-
tion conducted by a trained nurse 1 to 3 days after ED discharge. The nurse
followed a script and helped patients review discharge instructions and
arranged appointments with physicians when needed. The placebo group
received a satisfaction survey call 1 to 3 days after ED discharge, and the
control group received no call. Telephone interviews were conducted with
all groups 5 to 6 days and 30 to 35 days after ED discharge.

aEHR: electronic health record.
bN/A: not applicable.
cRCT: randomized controlled trial.
dED: emergency department.

Facilitators of and Barriers to the Use of eHealth in
CC
In the analysis of the articles, we identified two
factors—facilitators and barriers—describing the use of eHealth
in CC. A total of 8 facilitators and barriers were identified (see

the overview in Textbox 3). Some of these barriers and
facilitators were reported from patient satisfaction surveys
[39,40,42]; descriptions of how health care professionals or
older adults used the eHealth solution [46,47,50,51]; or
qualitative data on experiences, evaluation, and use
[37,41,49,50,52].

Textbox 3. Overview of facilitators of and barriers to the use of eHealth in care coordination.

Facilitators

• Available support to the patient

• Relation continuity between the older adult and health care professional

• A sense of security and safety

• New and valuable way to observe changes in patients’ health

Barriers

• Individual characteristics

• Lack of experience, knowledge, or confidence regarding how to use eHealth

• Increased workload

• Hampered communication because of limited access to the electronic health records or patient portals

Available support to the patient was an important facilitator for
older adults’ use and management of eHealth technology
[37,46,52]. Biese et al [46] reported that some older adults
needed assistance to book appointments with health care
professionals over the telephone. Makai et al [37] reported that
some older adults had problems logging in to the electronic
health portal, pointing out the importance of having available
support to the patient. Freilich et al [52] claimed that some
patients needed health care professionals to be in control and
monitor their symptoms. Other patients did more of the
monitoring and disease management themselves, making it
necessary for health care professionals to tailor their support to
the patients [52].

Relational continuity between the older adult and health care
professional was important to facilitate the older adult’s use of
eHealth. In total, 12% (2/16) of the studies [50,52] reported that
a close relationship between health care professionals and older
adults supported the development and follow-up of electronic
care plans. Another aspect highlighting the importance of

relational continuity was that some older adults feared that
eHealth would replace face-to-face contact, potentially
negatively affecting eHealth use [35,52].

The use of eHealth in CC among older adults was also facilitated
when they felt a sense of security and safety. A total of 19%
(3/16) of the studies [37,38,50] reported that older adults felt
reassured knowing that health care professionals were keeping
track of their health data. In addition, being in charge of their
health symptoms and communicating directly with health care
professionals gave older adults a sense of safety and security
[37,38,50].

Health care professionals’use of eHealth to coordinate care was
facilitated when it was experienced as a new and valuable way
of observing changes in patients’health [40,41,50]. In the study
by Gellis et al [40], the nurses were attentive to changes in
patient health by reviewing the health portal daily. Mateo-Abad
et al [50] reported that the nurses who monitored the patient
health data had greater familiarity with the older adults’ chronic
illnesses.
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Individual characteristics such as being an older adult and having
health problems such as hearing impairment and memory loss
were barriers to the use of eHealth [38,43,47,50,52]. Adults
aged ≥80 years did not use technology as often as younger older
adults [38,43,47,51,52]. Mavandadi et al [47] reported that
23.6% of the 1018 included patients did not pick up the phone
despite several attempts and having been given information
about the study beforehand. According to Makai et al [38], most
of the included patients rarely used the eHealth solution for
coordination despite efforts from the researchers to implement
and train them in its use.

The use of eHealth by older adults was also limited by a lack
of experience, confidence, and knowledge of how to use it
[41,43,52]. The patient group aged >80 years can be perceived
as heterogenic and less confident in using technology than
younger older adult patients [43]. Furthermore, Logue and
Effken [43] found that more men than women expressed
confidence in their ability to use technology.

Increased workloads limited health care professionals’ use of
eHealth. Some health care professionals experienced a heavier
workload when implementing a new eHealth tool such as a
patient portal [50]. In the studies by Biese et al [46] and Dent
and Tutt [51], a dedicated nurse was in charge of facilitating
transitions from hospital to home. The nurse arranged
appointments and referrals and reviewed discharge instructions
with the care team and the patient. Cutrona et al [49] found that
primary care physicians perceived alerts in the EHR inbox as
burdensome and, if the physicians had too many alerts in their
inbox, the alert was less likely to be opened within 24 hours.

eHealth used for CC communication was hampered by limited
access to the EHRs and patient portals for the health care
professionals. De Jong et al [45] reported that less than half of
the included patients had general practitioners linked to the
EHR. The EHR was an additional system to what the general
practitioners already used. A similar finding was reported in
the studies by Makai et al [37,38], where patients could register
care-related goals in a web-based care plan. In this study, not
all health care professionals signed up to the portal or answered
messages from the patients. In the study by Freilich et al [52],
patient and family caregivers entered personal health data into
the telehealth monitoring solution. However, this information
was sent only to the primary health center. The primary health
center belonged to the health region, but the home care nurses
who visited the patients were employed by the municipality and
did not have access to this information [52].

Discussion

Principal Findings
This review mapped the research literature on eHealth in CC
for older adults living at home. We included 16 articles in the
scoping review and identified three categories of eHealth: EHRs
and patient portals, telehealth monitoring solutions, and
telephone only. Communication was the CC activity reported
in all the articles (16/16, 100%). Patient- and system-level
outcomes were mixed. Most studies (7/16, 44%) showed that
improved mental and physical health, reduced rehospitalization

and hospital admissions, available support to the patient,
relational continuity with health care professionals, and a sense
of security were facilitators of older adults’ use of eHealth in
CC. Having new and useful tools for observing a change in
patients’ health facilitated health care professionals’ use of
eHealth in CC. Individual characteristics and lack of experience,
confidence, and knowledge were barriers to older adults’ use
of eHealth in CC. Barriers reported by health care professionals
were increased workload and hampered communication because
of limited access to the EHRs and patient portals.

Comparison With Prior Work
We identified 3 eHealth categories when coordinating care for
older adults. Despite the fast development of eHealth and
technology, our results indicate that the telephone should still
be considered necessary for older adults. A total of 12% (2/16)
of the articles were classified under the category of telephone
only [46,47]. However, the telephone was used in combination
with EHRs, patient portals, and telehealth monitoring in 38%
(6/16) of the studies [39-42,44,50]. Hawley et al [53] reported
that, for older adults who were uninterested in and incapable of
using eHealth, the telephone was important in the conduct of
digital home visits. This is also supported by the study by Chu
et al [54], where almost one-fifth of the older adults in the study
did not have access to an electronic device, leaving the telephone
as the only option to conduct virtual visits. EHRs and patient
portals are commonly used in CC and integrated care programs,
which is supported by other studies [11,55]. Melchiorre et al
[55] categorize monitoring as an eHealth solution in integrated
care programs, which supports the identification of the category
of telehealth monitoring solutions.

Our results showed that communication was the dominant CC
activity in all 3 eHealth types, a finding supported by other
studies using the Care Coordination Atlas as a framework
[56-58]. Both health care professionals and older adults
communicated through electronic messages, over the telephone,
via video, or in person. McDonald et al [11] highlighted that
EHRs ensure information transfer between health care
professionals. Our results document that facilitating transitions,
supporting self-management goals, monitoring, following up,
and responding to change are common CC activities in the 3
eHealth categories. Similarly, Chakurian and Popejoy [58] found
the same CC activities when they used the CC framework to
evaluate transitional care models. However, our review did not
identify the CC activity community resources in the included
eHealth types. This contrasts with the study by Samal et al [59],
which reported the CC activity community resources as helpful
regarding the automatic reference of patients to community
programs when discharged from the ED or hospital. The Chronic
Care Model also highlights that better access to community
resources is important for individuals with chronic conditions
[60].

A CC activity that appeared often was establishing
accountability or negotiating responsibility [37,38,42,44,45,52].
Findings from our review show that older adults consented to
who could access or start an electronic record in 19% (3/16) of
the studies [37,38,45]. According to Tith et al [61], health care
services still have challenges with patient consent. In Europe
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and the United States, giving consent and overseeing who can
access personal health information are included in policy
standards such as the Health Insurance Portability and
Accountability Act [53] and the General Data Protection
Regulation [62]. However, Samal et al [59] stated that the
activity of establishing accountability or negotiating
responsibility has a low future potential to be used in HIT as it
cannot be automated. However, the results of this scoping review
show that, when using eHealth to coordinate care, it is essential
to ensure that patients know what information is shared about
them and with whom.

In total, 56% (9/16) of the studies measured the effect of the
eHealth interventions. Some of the studies focusing on patient
outcomes (5/6, 83%) showed greater social functioning and
improved mental and physical health [39,40,42,47,50],
indicating a greater quality of life [11]. McDonald et al [11]
described that the end point of CC measures is, among other
things, improved quality of life and reduced hospital
readmissions and emergency room visits, which is in line with
the patient and health care use outcomes of this scoping review.

We identified that older adults’ characteristics, such as being
very old and having health problems and memory loss, were
barriers to eHealth use. Anderson and Perrin [63] reported that,
even though more older adults than ever use smartphones in the
United States, seniors aged 65 to 69 years are more likely to go
on the web than those aged ≥80 years. Our results indicate that
these older adults did not use technology as often as younger
older adults, which can be described as the digital divide
[63-65]. In addition to being older and less educated, impaired
cognitive and numeracy ability, limited internet experience, and
physical and visual impairment can limit the use of eHealth
[66,67].

The digital divide can be explained in relation to eHealth literacy
[68], where Rios et al [69] emphasized that training older adults
in the use of technology can increase eHealth literacy. A recent
mixed methods study by Fox and Connolly [70] found that it
is important to educate older adults about mobile apps, wearable
devices, and EHRs. Our results showed that available support
to the patient and relational continuity could facilitate older
adults’ use of eHealth. Kim and Lee [71] reported limited
information about training and support for patients when using
electronic devices, which can hamper eHealth use [69]. Vroman
et al [72] and Hawley et al [53] emphasized that training and
education need to be personalized to the older adult’s needs and
skills. Sufficient technological support is also important to
increase health literacy and narrow the digital divide when using
eHealth [70,73].

A barrier that health care professionals reported was increased
workloads and having new work tasks assigned related to the
use of eHealth in CC. Gill et al [74] reported that health care
professionals made significant efforts to gather patient
information when using HIT to facilitate CC. According to
Greenhalgh et al [75], new technologies can disrupt work
processes, and some health care organizations cannot adapt to
new ways of working.

The lack of interoperability across health systems hampers
information exchange and communication when using eHealth

in CC [9,11,74,76]. Hsiao et al [77] reported that office-based
physicians who used HIT did not always receive the necessary
patient information to coordinate care, especially from health
care professionals outside their practice or hospital. Moreover,
Liaw et al [76] addressed that the lack of a universal secure
messaging system causes fragmented information sharing among
health care professionals [9,59,77].

Future Directions
Our results showed that CC activities, including identifying
community resources, establishing accountability, and
negotiating responsibility, have a future potential for inclusion
in eHealth research and practices. We recommend that
community resources such as volunteer work, food delivery
services, and support groups [11] be considered in both future
research and practice. Furthermore, the digitalization of consent
and responsibility can be enabled using a digital e-consent
solution where patients can create, update, or withdraw their
consent [61].

To narrow the digital divide and take into account the variety
of older adults’ individual characteristics, future researchers,
practices, and policy makers need to consider using the
telephone or in-person visits as a supplement or backup when
conducting virtual visits or telehealth monitoring in CC. To
meet the individual needs of older adults, customized support
to the patient and education can be helpful to the successful use
of eHealth in CC. Knowledge, confidence, and support are
needed to ensure patient involvement when using eHealth to
coordinate care. Therefore, future practice should have health
care professionals with dedicated responsibility and time to
individually follow up on older adults. This can ensure sufficient
allocation of resources in CC when using and introducing
eHealth. As previously mentioned, interoperability is still an
issue. Policy makers and practices should continuously focus
on ensuring access for all health care professionals to common
CC eHealth solutions such as EHRs or patient portals.

Strengths and Limitations
In this scoping review, several limitations need to be addressed.
First, we did not critically appraise the included studies as
scoping reviews are flexible in their methodology [32] and are
not always conducted when the aim is to map evidence [78].
By not critically appraising the studies, we included studies that
varied greatly in the number of participants and methodological
approaches. Therefore, our results should not be generalized.
The results can be seen as important for future research and
practice, policy makers, and the development of new eHealth
tools to coordinate care for older adults. Furthermore, scoping
reviews can include gray literature such as policies or
government documents [32]. We excluded gray literature from
this review as we aimed to map the research literature given the
strong policy push to use eHealth [79].

Second, we searched 4 databases and used several search terms
relevant to CC, eHealth, home care, and older adults. Our
searches were conducted with the assistance of an experienced
librarian. Despite our efforts to map the research literature on
eHealth and CC for older adults living at home, we may have
missed some studies.
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Third, we included studies with participants aged ≥65 years and
excluded several studies because the participants were younger
(eg, aged 60 years). The World Health Organization [3] is
moving away from using a chronological definition of old age
(eg, 65 years). However, our decision was based on the need
for knowledge on the use of eHealth in CC among older adults
living at home [30].

Conclusions
The number of older adults will continue to increase well into
the future. Older adults with chronic illnesses must navigate
fragmented health care services, and eHealth in CC may be a
way to prevent this fragmentation. The use of eHealth in CC
for older adults is promising, although the outcomes so far have
been mixed. eHealth in CC may improve older adults’ mental
and physical health and reduce hospital admissions and

readmissions. A barrier was hampered communication because
of the lack of interoperability of the EHRs and patient portals,
which seems to be an ongoing issue worldwide.

To ensure the successful use of eHealth in CC for older adults
living at home, the eHealth used needs to be customized to each
individual’s care needs. Education and patient support should
be individualized. The telephone is still important for some
older adults, and future research and practice should consider
using the telephone or in-person visits to close the digital divide.
However, it is essential to ensure that older adults interested in
and capable of using HIT can be offered eHealth in CC. This
calls for individualized eHealth-enabled health care services
for older adults. eHealth in CC has an immense potential for
the future organization and development of health care services.
Thus, more in-depth knowledge of eHealth at the crossroads of
CC for older adults living at home is needed.
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Abstract

Background: Online consultations (OCs) allow patients to contact their care providers on the web. Worldwide, OCs have been
rolled out in primary care rapidly owing to policy initiatives and COVID-19. There is a lack of evidence regarding how OC design
and implementation influence care quality.

Objective: We aimed to synthesize research on the impacts of OCs on primary care quality, and how these are influenced by
system design and implementation.

Methods: We searched databases from January 2010 to February 2022. We included quantitative and qualitative studies of
real-world OC use in primary care. Quantitative data were transformed into qualitative themes. We used thematic synthesis
informed by the Institute of Medicine domains of health care quality, and framework analysis informed by the nonadoption,
abandonment, scale-up, spread, and sustainability framework. Strength of evidence was judged using the GRADE-CERQual
approach.

Results: We synthesized 63 studies from 9 countries covering 31 OC systems, 14 (22%) of which used artificial intelligence;
41% (26/63) of studies were published from 2020 onward, and 17% (11/63) were published after the COVID-19 pandemic. There
was no quantitative evidence for negative impacts of OCs on patient safety, and qualitative studies suggested varied perceptions
of their safety. Some participants believed OCs improved safety, particularly when patients could describe their queries using
free text. Staff workload decreased when sufficient resources were allocated to implement OCs and patients used them for simple
problems or could describe their queries using free text. Staff workload increased when OCs were not integrated with other
software or organizational workflows and patients used them for complex queries. OC systems that required patients to describe
their queries using multiple-choice questionnaires increased workload for patients and staff. Health costs decreased when patients
used OCs for simple queries and increased when patients used them for complex queries. Patients using OCs were more likely
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to be female, younger, and native speakers, with higher socioeconomic status. OCs increased primary care access for patients
with mental health conditions, verbal communication difficulties, and barriers to attending in-person appointments. Access also
increased by providing a timely response to patients’ queries. Patient satisfaction increased when using OCs owing to better
primary care access, although it decreased when using multiple-choice questionnaire formats.

Conclusions: This is the first theoretically informed synthesis of research on OCs in primary care and includes studies conducted
during the COVID-19 pandemic. It contributes new knowledge that, in addition to having positive impacts on care quality such
as increased access, OCs also have negative impacts such as increased workload. Negative impacts can be mitigated through
appropriate OC system design (eg, free text format), incorporation of advanced technologies (eg, artificial intelligence), and
integration into technical infrastructure (eg, software) and organizational workflows (eg, timely responses).

Trial Registration: PROSPERO CRD42020191802; https://tinyurl.com/2p84ezjy

(J Med Internet Res 2022;24(10):e37436)   doi:10.2196/37436

KEYWORDS

general practice; systematic review; remote consultation; OC; triage; primary health care; care provider; health care professional;
workforce; telemedicine; COVID-19; pandemic; primary care; health outcome; patient care

Introduction

Background
Online consultation (OC) systems allow patients to contact their
health care provider over the internet to ask health-related
questions and report symptoms [1]. Their query may then be
resolved with a written response, telephone call, video
consultation, or in-person visit. Many terms are used to describe
this type of technology, including e-consultation, e-visit, and
online triage (Multimedia Appendix 1 [2-28])—in this review,
we refer to them all as online consultations. We distinguish
OCs from “symptom checkers” [29] and other self-service
systems that typically do not directly facilitate communication
with a human health care provider and from patient portals [30],
which may include generic email or secure messaging
functionalities.

OCs are considered by policy makers in many countries as a
way to address the increasing workload and decreasing
workforce capacity in primary care [31-36] while still meeting
patient expectations and improving access [37]. However, they
have the potential to exacerbate health inequities [38,39] and
increase inappropriate antibiotic prescriptions [40]. Furthermore,
there are widely recognized challenges in initiating and
sustaining the adoption of new technologies in primary care
[41].

Although symptom checkers [29,42] and patient portals
[30,43,44] have been well studied, only a small number of
evidence syntheses directly relevant to OCs have been
published: a systematic review of 57 articles on delivering
“e-consultation” in primary care largely focused on generic
stand-alone applications such as email and video (n=39/57,
68%) [45]; a scoping review of “online triage tools” included
13 papers, 4 of which (31%) were nonempirical (eg, opinion
pieces) [46]; and a review of 17 studies of “intelligent online
triage tools” focused only on those that used “artificial
intelligence” (AI) [47].

Since these syntheses were conducted, OCs have gained wider
traction in clinical practice worldwide—they have been
indispensable in helping manage patients remotely to minimize
the spread of COVID-19 [48,49], and English primary care

providers have been mandated to offer OCs for all patients since
April 2020 [50]. Moreover, OC system product design has
progressed significantly to become more specialized and
technologically advanced [51], with several more empirical
research studies published on their use [2-11,52-64].

Given this rapid scale-up and increase in the diversity and
complexity of OCs, further insight is needed into their impact
on health care quality. Previous reviews have not reported the
design or implementation details of the OCs they studied [45-47]
despite their importance in understanding the causal mechanisms
of how they affect care outcomes [65]. The aim of this study
was to systematically review and synthesize the empirical
quantitative and qualitative literature in a theoretically informed
way to address this knowledge gap.

Objectives
Informed by existing theories, the aim of this study was to
synthesize quantitative and qualitative research on (1) the
impacts of OCs on primary care quality and (2) how these are
influenced by OC system design and implementation.

Methods

Study Design
We consider OCs as complex interventions and, therefore,
synthesized both quantitative and qualitative evidence to
understand their impacts in specific contexts [66]. We did not
perform a meta-analysis because of the heterogeneous and
nonrandomized nature of the included studies [67]. We followed
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [68].

Registration and Protocol
The study protocol was registered with PROSPERO
(CRD42020191802) [69]. The original title was amended to be
less general and more specific to the objectives of the review,
and the objectives were amended to focus on care quality.

Inclusion Criteria
Papers that met the following criteria were included: empirical
studies using quantitative or qualitative methods to examine the
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real-world use of OCs in primary care in any country, written
in English, and published in 2010 or later. We excluded news
articles, opinion pieces, literature reviews,
non–English-language articles, and literature published before
2010.

We defined OCs as digital interventions that allow patients to
contact their primary care provider by inputting “queries” into
health care–specific web-based forms [1]. We included symptom
checkers and similar self-service systems [54] if at least one of
their outcomes directly facilitated contact with a primary care
health professional. We included patient portals if they had a
secure messaging functionality that used health care–specific
forms [54]. We excluded stand-alone generic communication
technologies such as email or videoconferencing software.

Search Strategy
We searched the Ovid MEDLINE, EMBASE, Web of Science,
and Scopus databases during July 2020 (Multimedia Appendix
2 [12,53,56,58-60,63,70-73]). Our search strategy was developed
from scoping searches of the literature and drew on search
strategies used in related literature reviews [45,46]. We searched
the National Technical Information Service, the Health
Management Information Consortium, and Zetoc to find relevant
gray literature, conference proceedings, and theses. We found
further literature through citation mapping and in the reference
lists of the included papers, searching during August 2020 and
September 2020. SD and TC independently screened titles and
abstracts and then full papers for eligibility, resolving differences
through discussion at each stage. All literature searches were
rerun by SD between November 2021 and February 2022.

Data Extraction and Quality Appraisal
We extracted data from the included papers as verbatim text,
capturing study characteristics (eg, research design and study
setting) and key findings relevant to our research objectives
based on the nonadoption, abandonment, scale-up, spread, and
sustainability (NASSS) framework [74] (Multimedia Appendix
3). We used the NASSS to capture “a rich, contextualised
narrative of technology-supported change efforts and the
numerous interacting influences that help explain its successes,
failures, and unexpected events” [75]. The methodological
quality of the studies was assessed using the Mixed Methods
Appraisal Tool (MMAT), which is designed for qualitative,
quantitative, and mixed methods studies [76]. We scored each
paper using recommended quintile percentages as cutoffs and
considered any paper scoring at least 60% as of “good” quality
[77]. SD and TC extracted data from 10 papers independently,
which confirmed high interrater agreement. Following this, SD
extracted data from the remaining papers, which were checked
by TC.

Data Synthesis
The data were imported into NVivo (version 12; QSR
International) [78] for synthesis. To integrate both quantitative
and qualitative data, during data synthesis, quantitative data
were transformed into qualitative themes (“qualitising”) [79].

For objective 1, we considered “impacts of OCs on primary
care quality” as consequences of using OCs that could relate to

patients, primary care staff, or the wider system [65]. We used
thematic synthesis [80], which involved SD and TC coding the
text from the data extraction forms independently line by line,
developing higher-level themes through regular discussion [80].
Impacts on care quality were synthesized inductively, with
emerging themes mapped to the six Institute of Medicine
domains of health care quality [81]: safe (avoiding harm to
patients from care that is intended to help), effective (providing
care based on scientific knowledge to produce better clinical
outcomes), patient-centered (care that is respectful and
responsive), timely (reducing waits and delays for those who
receive and give care), efficient (avoiding waste), and equitable
(care that does not vary in quality because of personal
characteristics) [81]. Our emergent findings suggested that OCs
had both positive and negative impacts and, therefore, theme
descriptions were edited to be neutral (eg, safe→safety and
efficient→efficiency).

For objective 2, we considered OC “design” as material
properties of an OC, such as features and functionality [74],
and “implementation” as the way an OC was introduced and
used in a particular context [65]. As a design feature, we
considered AI as the ability of machines to “mimic human
intelligence as characterized by behaviors such as cognitive
ability, memory, learning, and decision making” [82]. We
synthesized the extracted data using framework analysis [83],
which involved SD and TC reading and rereading each data
extraction form and then coding them line by line
independently—both deductively by using domains from the
NASSS framework [74] for high-level themes and inductively
by identifying additional subthemes. Through discussion, SD
and TC summarized the findings into five high-level themes:
condition complexity (health condition and the illness the OC
is used for), technology (material properties of the OC and
required knowledge for use), adopters (staff, patients, and carers
expected to use the OC), organization (extent of work needed
for implementation of the OC, capacity, and readiness), and
wider system (policy context) [74]. Two NASSS
domains—value proposition (value of the OC to the developer,
patients, and health care system) and embedding and adaptation
over time (learning and adaptation to changing contexts)—had
limited applicability to our findings and were not included in
the final synthesis. Informed by realistic evaluation [65], we
considered our themes as contextual factors and identified
patterns of explanations for how each led to the impacts on care
quality from objective 1 (ie, “causal mechanisms”). Where
appropriate, we considered the levels of OC adoption as a
mechanism for how they affected care quality [65]. We used
visual mapping to identify commonalities and discordances in
causal mechanisms—first within individual papers and then
across papers [83]. Where there were discordances, we explored
potential explanations where possible (eg, related to the study
setting).

The strength and quality of our findings for objectives 1 and 2
were assessed using the Grading of Recommendations
Assessment, Development, and Evaluation-Confidence in
Evidence from Reviews of Qualitative Research method [84].
This accounts for the methodological limitations of the
contributing papers (according to MMAT assessments),
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relevance to the review question, coherence of the finding, and
adequacy of its supporting data [84]. Confidence in each finding
was designated as high, moderate, low, or very low. At each
stage of the analysis, the findings were discussed and agreed
upon with the wider study team. BCB reviewed all coded
verbatim excerpts from the papers included in the final synthesis.

Results

Descriptive Summary
We synthesized 63 papers (Figure 1), including 52 (83%) journal
papers [53], 7 (11%) evaluation reports [85], 3 (5%) conference
papers [12], and 1 (2%) master’s degree thesis [13]. The studies
were quantitative (33/63, 52%), qualitative (12/63, 19%), and

mixed methods (18/63, 29%) and analyzed data from patients
(16/63, 25% qualitative studies and 18/63, 29% quantitative
studies), staff (22/63, 35% qualitative studies and 9/63, 14%
quantitative studies), and clinical systems (33/63, 52%
quantitative studies). All were set in one of 9 high-income
countries, with most coming from the United States (21/63,
33%) and the United Kingdom (20/63, 32%; Multimedia
Appendix 4 [2-27,52-64,70-73,77,85-104]). In all, 41% (26/63)
of the studies were published in 2020 or later, and 17% (11/63)
were conducted after the start of the COVID-19 pandemic.
Examples of excluded studies are those that focused on
stand-alone video consultations [105], involved communication
between physicians and not patients [106], and were not based
on primary care [107].

Figure 1. Flowchart of the study selection process. HMIC: Health Management Information Consortium; NTIS: National Technical Information Service.

In all, 83% (52/63) of the studies reported levels of OC adoption
by patients and staff, of which 62% (32/52; 32/63, 51% of all
studies) were described as “low” by the study authors [86]. OCs
were adopted at a high rate in 63% (33/52; 33/63, 52% of all)
of the studies [87], including high rates of adoption by certain
patient groups even when overall OC adoption in the study was
low [14].

The included papers described 31 OC systems summarized in
Table 1 and detailed in Multimedia Appendix 5
[2-27,52-64,70-73,85-104]. In 25% (16/63) of the papers, the
OC system was described sufficiently to meet our inclusion
criteria but not in enough detail to determine specific design
features. Of the 31 OCs described, most (23/31, 74%) offered
two-way written communication between patients and staff
[88], with a few (4/31, 13%) also offering communication by
video [52]. In all, 13% (4/31) did not provide functionalities
for staff to reply to patients via the system (ie, one-way
communication only [14]). In total, 35% (11/31) required
patients to describe their queries solely via multiple-choice
questionnaires (MCQs) [89] compared with 13% (4/31) that
solely required patients to describe their queries using
unstructured free text [56]. In all, 42% (13/31) had a hybrid

approach of primarily using MCQs with the option for patients
to enter additional free text [90]. No free text OCs offered
optional MCQs. In all, 26% (8/31) of the OC systems were
integrated with the electronic health record (EHR) [58], and 3%
(1/31) allowed patients to schedule telephone or in-person
appointments with health care professionals themselves [54].

In total, 54% (13/24) of MCQ-based OC systems exhibited three
types of AI: (1) adapting questions they asked patients as they
submitted their query in response to previous answers given
(10/31, 32%) [91]; (2) prioritizing patient queries based on
clinical urgency (4/31, 13%) [54]; and (3) signposting patients
to an appropriate care provider based on their query, such as
self-care, primary care, or emergency department (3/31, 10%)
[8]. These were mostly powered by preprogrammed logic and
“algorithms” (10/31, 32%) [54], with the exact AI methodology
unclear in the remainder (3/31, 10%) [15].

The methodological quality of most studies (42/63, 67%) was
“good” (ie, ≥60% according to the MMAT [77]; Multimedia
Appendix 6 [2-27,52-64,70-73,76,85-104]). Common limitations
included a lack of detail on whether the OC was administered
as intended [92] and small sample sizes [3].
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Table 1. Online consultation (OC) system features (N=31).

Studies, n (%)aOC system feature and subcategory

Communication mode

23 (74)Two-way written communication between staff and patients

4 (13)One-way written communication (staff cannot reply to patients)

4 (13)Videoconferencing

4 (13)Unclear

Patient query format

11 (35)Multiple-choice questionnaires only

4 (13)Unstructured free text only

13 (42)Multiple-choice questionnaires with optional free text

3 (10)Unclear

Integration with other software

8 (26)Electronic health record

1 (3)Appointment scheduling

23 (74)No integration

Artificial intelligence function

10 (32)Adapting questions during query submission

4 (13)Prioritizing patient queries based on clinical urgency

3 (10)Signposting patients to the most appropriate care provider

17 (55)No artificial intelligence

Artificial intelligence method

10 (32)Preprogrammed logic and algorithms

3 (10)Unclear

aCount of OC systems described in detail (n=31). Categories may add up to >31 as OC systems may have more than one feature in a category.

Synthesis

Overview
To maintain readability, we present only moderate- and
high-confidence findings and provide only 1 example reference
per finding. Tables 2 and 3 provide all the references and specify

whether the findings are qualitative or quantitative. Multimedia
Appendix 7 [13,59,99] and Multimedia Appendix 8 [3, 5, 8-11,
13-17, 19-21, 25, 27, 54, 57, 59, 60, 63, 64, 71, 85, 90, 91, 95,
97, 100, 101] detail the low-confidence findings. Multimedia
Appendix 9 [2-27,52,54-61,63,64,67,70-73,85-101] and
Multimedia Appendix 10 [3-27, 52, 54-64, 70-73, 85-95, 97,
98, 100, 101] provide exemplar data.
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Table 2. Impacts of online consultations (OCs) on primary care quality.

SubthemeTheme

Safety (harm to patients) • Decreased patient safety (qualitative) [2,3,5,7,10,13,17,18,23-25,55,61,63,85,90,94]
• Description: patient and staff perceptions that OCs worsened patient safety
• CERQuala rating: high

• Neutral-increased patient safety (qualitative and quantitative)
[3-5,9,11,13,14,16,18,21,54,55,57-59,62,63,70,71,88,89,92,93,95,96]
• Description: no quantitative evidence of negative impacts on patient safety, with clinician and patient

perceptions that OCs improved patient safety
• CERQual rating: high

Effective (providing care based
on scientific knowledge to pro-
duce better clinical outcomes)

• Reduced antibiotic prescribing rates (quantitative) [15,60,62,97]
• Description: fewer antibiotics prescribed when using OCs
• CERQual rating: moderate

Timeliness (reducing waits and
delays)

• Increased access (qualitative and quantitative) [2-4,6,7,9,13-21,23-25,55-58,62-64,85,90,92,95]
• Description: easier and more convenient for patients to contact their primary care provider and quicker

to communicate with a health professional
• CERQual rating: high

Efficiency (avoiding waste) • Decreased workload (qualitative and quantitative) [3-5,9,11,13-21,23,54-58,60,61,63,64,70,71,85,89,90,92-95]
• Description: less work for staff and patients to provide and receive care, respectively
• CERQual rating: high

• Increased workload (qualitative and quantitative) [3-5,8-10,13-23,25,52,55,56,58,64,85-87,92,93,98]
• Description: more work for staff and patients to provide and receive care, respectively
• CERQual rating: high

• Decreased costs (qualitative and quantitative) [5,15-18,21,23,56,57,60,61,63,70,85,89,92,95,96,99,100]
• Description: lower costs for the health care system and patients to provide and receive care, respectively
• CERQual rating: high

• Increased costs (qualitative and quantitative) [5,16-19,22,23,63,87]
• Description: higher costs for the health care system
• CERQual rating: high

Equitable (variation because of
personal characteristics)

• Decreased equity (qualitative and quantitative)
[7,8,12-27,52,57,59,60,63,64,70-73,85,87-92,94,95,97,98,100,101]
• Description: OC use variation based on patient characteristics
• CERQual rating: high

• Increased equity (qualitative) [7,9,14-20,23,24,27,57,63,64,85,87,90,91]
• Description: OCs helped patients who had previously struggled because of their personal characteristics

communicate with their primary care providers
• CERQual rating: high

Patient-centeredness (care that is
respectful and responsive)

• Decreased patient satisfaction (qualitative) [9,11,14,15,18,21,23-25,57,64,85,90]
• Description: negative patient experiences of using OCs
• CERQual rating: high

• Increased patient satisfaction (qualitative and quantitative)
[2,5-7,9,11,13-21,23-25,56,57,63,64,71,85,89,90,92-94,96,99]
• Description: positive patient experiences of using OCs
• CERQual rating: high

aCERQual: Confidence in the Evidence from Reviews of Qualitative Research.
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Table 3. How the impacts of online consultations (OCs) on primary care quality are influenced by system design and implementation.

CERQualb rating and referencesImpact on care quality (from Table 2)aTheme and OC design feature or implementation

Condition complexity (illness the OC is used for)

• CERQual rating: high
[5,15-18,23,56,61,64,70,85]

• Efficiency: decreased workload (qualitative
and quantitative)

• Decreased complexity of query
• Description: patient queries are straightforward

and easy to resolve (eg, administrative tasks, mi- • Efficiency: decreased health costs (qualitative
and quantitative)nor acute illnesses, and prescription requests)

• CERQual rating: high
[5,16-19,22,23]

• Efficiency: increased workload (qualitative)• Increased complexity of query
• Efficiency: increased health costs (qualitative

and quantitative)
• Description: patient queries are not straightfor-

ward and easy to resolve (eg, multiple ill-defined
symptoms)

Technology (material properties of the OC)

• CERQual rating (efficiency):
high [5, 9, 10, 14, 17, 18, 20,

• Efficiency: increased workload (qualitative)• MCQsc

• Patient-centeredness: decreased patient satis-
faction (qualitative)

• Description: patients describe their query by
completing questionnaires and selecting their 21, 23, 25, 55, 64, 86]

• CERQual rating (patient-cen-
teredness): high

answers from a list

[5,9,14,18,20,21,25,64,86]

• CERQual rating: high
[3,16,21,55,58,93,95]

• Efficiency: decreased workload (qualitative
and quantitative)

• Free text input
• Description: patients describe their query using

unstructured text • Safety: increased patient safety (qualitative)

• CERQual rating: high
[55-58,94,95]

• Efficiency: decreased workload (qualitative
and quantitative)

• Two-way written communication
• Description: patients and staff are able to send

written messages to each other

• CERQual rating: high
[3-5,10,13,15,17-21,23,55]

• Efficiency: increased workload (qualitative)• Nonintegration with core software systems
• Description: OC systems that operate separately

from other software used by the primary care
provider

Adopters (expected users of OCs)

• CERQual rating: high [8, 12,
13, 15, 18, 20-23, 27, 52, 57,

• High adoption (qualitative and quantitative)• Female sex
• Equitable: decreased equity (qualitative and

quantitative)
• Description: female patients

60, 70, 72, 73, 87-92, 94, 95,
97, 100, 101]

• CERQual rating: high [7, 8,
13-15, 18, 19, 21-23, 27, 52,

• High adoption (qualitative and quantitative)• Lower age
• Equitable: decreased equity (qualitative and

quantitative)
• Description: younger patients

59, 63, 64, 70, 71, 73, 85,
87-91, 94, 97, 101]

• CERQual rating: high
[18,23,25,57,63,89,98]

• High adoption (qualitative and quantitative)• Native speakers
• Equitable: decreased equity (qualitative and

quantitative)
• Description: patients who are native speakers of

the official language of the country they live in

• CERQual rating: high
[15,18,23-27,57,85,87,90]

• High adoption (qualitative and quantitative)• High socioeconomic status
• Equitable: decreased equity (qualitative and

quantitative)
• Description: patients with higher levels of income

and education

• CERQual rating: high
[9,14,15,18-20,57,64]

• Timeliness: increased access (qualitative)• Mental health conditions
• Equitable: increased equity (qualitative)• Description: patients with a mental health diagno-

sis • Patient-centeredness: increased patient satis-
faction (qualitative and quantitative)

• CERQual rating: high
[16-19,24,64,90]

• Timeliness: increased access (qualitative)• Verbal communication difficulties
• Equitable: increased equity (qualitative)• Description: patients with difficulty communicat-

ing verbally (eg, those with hearing loss) • Patient-centeredness: increased patient satis-
faction (qualitative and quantitative)
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CERQualb rating and referencesImpact on care quality (from Table 2)aTheme and OC design feature or implementation

• CERQual rating: high
[7,15,18,20,23,63,64,85]

• Timeliness: increased access (qualitative)
• Equitable: increased equity (qualitative)
• Patient-centeredness: increased patient satis-

faction (qualitative and quantitative)

• Physical barriers to attending in-person appoint-
ments

• Description: patients cannot easily attend in-per-
son appointments (eg, because of physical disabil-
ities, living far from their primary care provider,
work commitments, or care responsibilities)

• CERQual rating: high
[11,18,19,24,26,63,85,93]

• Low adoption (qualitative)• Preference for traditional consulting methods
• Description: staff and patients believe in-person

consultations are the gold standard

Organization (work needed to implement OCs)

• CERQual rating: moderate
[16,18,24,26,95]

• Low adoption (qualitative and quantitative)• Lack of OC promotion
• Description: patients are not effectively informed

that OCs are available for them to contact their
primary care provider

• CERQual rating: high
[6,13,20,21,23,25,57]

• Patient-centeredness: increased patient satis-
faction (qualitative and quantitative)

• Timeliness: increased access (qualitative)

• Timely response
• Description: primary care providers respond

quickly to patients’ OC queries

• CERQual rating: high
[4,5,13,14,17-20,52,55,85,86,93]

• Efficiency: increased workload (qualitative
and quantitative)

• Nonintegration with daily workflows
• Description: primary care provider does not co-

herently plan OCs into their work processes (eg,
by not scheduling clinician time to deal with OCs
or not diverting as much incoming patient demand
as possible via OCs)

• CERQual rating: high
[5,13-15,55,85,86,93]

• Efficiency: decreased workload (qualitative)• Sufficient resources allocated to implementing
OCs

• Description: adequate training, staff, and facilities
are available to conduct OCs

• CERQual rating: moderate
[6,13,15,64,92]

• Patient-centeredness: decreased patient satis-
faction (qualitative)

• Lack of continuity of care
• Description: OC query is not dealt with by a

known or preferred physician

Wider system (policy context)

• CERQual rating: high
[4,15,54,62,63,87]

• High adoption (qualitative and quantitative)• Government policy
• Description: policies mandating OC use (eg, by

increasing digital modes of contact with primary
care in general or minimizing in-person contact
during the COVID-19 pandemic)

• CERQual rating: moderate
[5,18,23,63,85]

• Low adoption (qualitative and quantitative)• Lack of financial support
• Description: no external funding available to pay

ongoing costs of OCs

aIncludes levels of OC adoption as a mechanism for how they affect care quality [65].
bCERQual: Confidence in the Evidence from Reviews of Qualitative Research.
cMCQ: multiple-choice questionnaire.

Objective 1: Impacts of OCs on Primary Care Quality

Safety

In 27% (17/63) of the studies, staff and patients expressed
general concerns about the impact of OCs on patient safety,
particularly regarding the potential loss of information from
patients versus in-person or telephone consultations and how it
could lead to misdiagnosis [55]. However, quantitative evidence
from 17% (11/63) of the studies did not support these concerns
in terms of emergency department attendance rates [92],

hospitalizations [70], deaths [88], and other measures [59].
Furthermore, clinicians and patients in 22% (14/63) of the
studies believed that OCs improved patient safety, for example,
by producing a detailed shared written record of consultations
[93] and helping reduce the spread of communicable diseases
such as COVID-19 [63].
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Effectiveness

In 6% (4/63) of the studies, antibiotics were prescribed to
patients at a lower rate via OCs compared with in-person
consultations [60].

Timeliness

In 46% (29/63) of the studies, OCs were perceived as increasing
access to primary care services. It was easier and more
convenient to make initial contact as patients could submit an
OC query at any time without waiting on the phone or attending
in person [14]. Once a query was submitted, patients also
communicated with health professionals sooner as OCs tended
to circumvent the traditional appointment-booking process [57].

Efficiency

In total, 52% (33/63) of the studies suggested that the workload
decreased for both staff and patients when using OCs. Patient
queries were written rather than spoken, incoming phone calls
to receptionists were reduced [16], and patient histories did not
need manual documentation [93]. Written queries were usually
more detailed than when communicated verbally and were
received by health care staff asynchronously, thus providing
opportunities for more objective examination and more effective
triage. Consequently, patient queries could more often be
directed to other services or dealt with by other staff members
rather than always by physicians [3]. Combined with their
remote nature, OCs also gave staff more autonomy over how
their work was organized, thus providing efficiency gains such
as working from home and control over how to contact a patient
rather than defaulting to an in-person consultation [13]. When
telephone or in-person consultations were necessary, they were
more focused and, therefore, quicker as the staff member could
read the patient query before contact [17]. OCs reduced the
workload for patients by avoiding the need to telephone their
primary care provider to make an appointment, which often
entailed long queues [18], and avoiding in-person consultations
when possible, which typically involved travel, waiting rooms,
and organizing time off work and childcare [15].

In contrast, 46% (29/63) of the studies suggested that OCs
increased the workload for staff and patients. Staff described
conducting OCs on top of their usual tasks [13] and dealing
with them outside normal working hours [19]. They believed
that, because OCs increased access to primary care, patients
sought help more readily than they would have previously [17],
thus creating “supply-induced demand” [108]. Processing OCs
also created new administrative work such as filing them to
EHRs and deciding whether they required input from a clinician
[86]. Workload could also increase for patients if they perceived
that entering their query into the OC system was more difficult
than explaining it verbally [20].

OCs decreased costs for providers in 32% (20/63) of the studies
largely by reducing in-person visits, which have associated
expenditures related to staffing and utilities [21]. Patients
reported that, owing to their convenience, having access to OCs
stopped them from visiting other costly unscheduled care
providers [92]. OCs decreased costs for patients in 6% (4/63)
of the studies by avoiding in-person visits, which may entail

expenses related to travel, unpaid work leave, and childcare
[57].

In contrast, OCs increased costs for providers in 14% (9/63) of
the studies owing to associated technology costs [63], time
required for clinicians to triage patient queries [22], and
insufficient reduction of in-person visits or telephone
consultations [87].

Equitable

In all, 65% (41/63) of the studies suggested that OCs decreased
equitable access to care services, as their use varied according
to patient characteristics [63]. Conversely, 30% (19/63) of the
studies suggested that OCs increased equitable access as they
helped particular groups of patients who had previously
struggled communicate with their primary care providers [14].
These characteristics are discussed in more detail in the Adopters
section.

Patient-Centeredness

Although 21% (13/63) of the studies uncovered some patient
dissatisfaction with OCs [90], 49% (31/63) found that most
patients were at least as satisfied or more satisfied with OCs
than with traditional in-person appointments [2]. Patients liked
OCs for the aforementioned reasons: they improved access
(timeliness), reduced their workload and costs (efficiency), and
helped particular groups of patients communicate with their
care providers (equitable).

Objective 2: How the Impacts of OCs on Primary Care
Quality Are Influenced by System Design and
Implementation

Condition Complexity

In all, 17% (11/63) of the studies suggested that OCs decreased
staff workload when used for simple queries that were
straightforward to resolve as they were more amenable to
completion without needing to contact the patient directly via
telephone or in person [5]. Simple queries included those related
to administrative tasks, new and recurrent minor acute illnesses,
prescriptions, tests, requests for advice, follow-up, and some
chronic condition reviews [56]. These queries also decreased
health costs as they saved clinicians time, for example, when
administrative staff were able to relay messages and there was
no direct contact between physician and patient [23]. In all, 11%
(7/63) of the studies suggested that OCs increased staff workload
and costs when used for complex queries such as those with
multiple ill-defined symptoms [17]. These queries generally
required verbal dialogue with and physical examination of the
patient and were usually converted to telephone or in-person
consultations to assess the patient further [23]. Staff felt that
this duplicated the number of contacts with the patient for the
same query.

Technology

In all, 21% (13/63) of the studies showed that, when patients
had to use MCQs to input their OC query, it increased both
patient and staff workload. Filling out long lists of questions
shifted work from the clinician to the patient [20], and staff
found them burdensome to read [86]. MCQs limited the amount
of detail patients could enter, so staff could not always fully
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understand their request. This increased workload as they often
had to contact the patient to obtain further information [23].
MCQs also asked questions about seemingly “irrelevant”
symptoms, which staff were responsible for assessing and
following up, diverting attention from the patient’s primary
concern [10]. Owing to the restrictive nature of MCQs, patients
regularly adapted their responses to obtain the outcome they
wanted even when it was not the most appropriate use of
resources. For example, reporting their symptoms differently
to obtain an in-person consultation when self-care may have
been more suitable (“gaming”) [17].

In all, 14% (9/63) of the studies suggested that MCQs could
also decrease patient satisfaction. Reasons included the amount
of work required to complete them [14], their inflexibility in
obtaining the answers patients wanted from their primary care
provider [9], and that they could be confusing to navigate [25].

In contrast, 11% (7/63) of the studies suggested that, when
patients could primarily report their queries using unstructured
free text, it decreased staff workload and increased patient
safety. This was because patients were more able to fully
describe their query in sufficient detail using their own words,
and clinicians did not have to request further information as
often [95].

In 10% (6/63) of the studies, two-way written communication
within the OC decreased the workload for both staff and patients.
The ability to reply to patients in writing meant queries could
be answered and follow-up questions could be asked at times
convenient to both staff and patients, avoiding lengthy telephone
and in-person consultations when appropriate [55]. It was also
easier to communicate complex information, for example, by
sending educational materials or using preset message templates
[95].

In all, 21% (13/63) of the studies highlighted that a lack of
integration between the OC system and other core software used
by providers increased staff workload. Nonintegration meant
that the staff had to go through multiple steps to perform a task,
such as when filing an OC to a patient’s EHR [21].

Adopters

Patients using OCs were more likely to be female (27/63, 43%)
[70], younger (27/63, 43%) [91], and native speakers of the
official language of the country they lived in (7/63, 11%) [25]
and have a higher socioeconomic status (11/63, 17%) [57] than
those not using OCs, thus decreasing equity. In contrast, both
staff and patients felt that OCs increased access for particular
groups of patients who struggled with traditional consultation
methods, thus increasing equity and satisfaction with care. This
included patients with mental health conditions who became
anxious when speaking to health professionals on the telephone
or in person (8/63, 13%) [20]; patients with verbal
communication difficulties such as hearing loss who found it
easier to communicate in writing (7/63, 11%) [90]; and patients
with barriers to attending in-person appointments because of
physical disabilities, geography, work commitments, or care
responsibilities (8/63, 13%) [23]. In all, 13% (8/63) of the
studies suggested that when staff and patients viewed traditional

in-person methods as the gold standard, it could lead to
resistance in adopting OCs [19].

Organization

In all, 8% (5/63) of the studies found that, when OCs were
minimally advertised to patients, it understandably led to low
rates of adoption [24]. In all, 11% (7/63) of the studies also
showed that responding to a patient’s initial OC query quickly
led to high patient satisfaction, as it provided an advantage over
traditional methods of primary care contact [6]; by definition,
this also increased primary care access.

In all, 21% (13/63) of the studies found that the staff workload
increased when providers did not integrate OCs into their normal
daily workflows. For example, not scheduling time for clinicians
to deal with OCs meant that they were done in addition to their
normal tasks [93], and not diverting all incoming patient demand
via the OC meant that different communication routes were
often used for the same issue, thereby duplicating work [5]. In
all, 13% (8/63) of the studies suggested that provider workload
decreased if sufficient resources were allocated to implementing
OCs. This included their initial setup—for example, training to
enable staff to more effectively handle OCs [15]—and their
ongoing processing—for example, dedicated facilities such as
quiet rooms to help staff respond to OCs without distraction
[55].

In all, 8% (5/63) of the studies showed that a lack of continuity
of care between patients and their known physician negatively
affected patient satisfaction. This occurred when any physician
could reply to an OC query and patients were not able to specify
a physician to whom to address their query [64].

Wider System

In all, 10% (6/63) of the studies showed that government policies
mandating OC use increased their adoption. Example policies
aimed to increase digital modes of contact with primary care in
general [87] and minimize in-person contact during the
COVID-19 pandemic [63]. In all, 8% (5/63) of the studies
demonstrated that a lack of long-term external financial support
for OCs limited their sustainability as health care organizations
could often not afford to pay their ongoing costs [23].

Discussion

Summary of Evidence
This review focused on how OCs affect primary care quality,
as defined by Institute of Medicine domains, for patients,
providers, and the wider system, as well as which factors, as
specified through the NASSS framework, influence this quality.
We synthesized qualitative and quantitative evidence from 63
studies conducted in 9 countries covering 31 OC systems
described in detail, with wide-ranging functionalities including
AI. In all, 41% (26/63) of the studies were published in 2020
onward, and 17% (11/63) were published after the COVID-19
pandemic. Our main findings were that OCs are safe and have
positive impacts on care quality, including increased access to
care and decreased patient costs. However, they can have
conflicting impacts on provider costs, staff and patient
workloads, patient satisfaction, and care equity. We found that
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the impacts OCs have on care quality are determined by the
complexity of the patient queries they are used for, the design
of the OC technology itself, the characteristics of staff and
patient users, the way OCs are implemented by health care
providers, and wider health policies.

Comparison of Findings With Other Reviews
Consistent with previous reviews relevant to OCs, we found a
limited demographic of patients using OCs, leading to potential
inequitable care [45,46]. We also found that the studies often
did not sufficiently explore patients’ perspectives of OCs in
depth [46]; only 14% (9/63) of the studies used interview-based
methods with an average sample size of 24.5 (SD 10.14). This
hampered efforts to understand how such inequities arose.

Contrary to previous reviews, we found that OC impacts on
care quality are more complex and nuanced than previously
reported [45-47]. For example, we identified mixed findings
regarding their impact on workload, patient satisfaction, and
equitable care. This contrasts with previous reviews, where OCs
only increased [47] or had no impact [45] on workload,
decreased patient safety [45,47], and increased inequity [45-47].

These new findings for OCs may be partly explained because
76% (48/63) of the included studies had not been covered by
these previous reviews. Although there was some overlap of
papers (7/57, 12% of papers [45]; 7/13, 54% of papers [46]; and
4/17, 24% of papers [47]), most did not meet our inclusion
criteria as they were either nonempirical (4/57, 7% [45]; 4/13,
31% [46]; and 4/17, 24% [47]), published before 2010 (26/57,
46% [45] and 2/17, 12% [47]), not based on real-world primary
care (16/57, 28% [45]; 1/13, 8% [46]; and 6/17, 35% [47]), or
did not meet our functional definition of an OC (39/57, 68%
[45]; 2/13, 15% [46]; and 6/17, 35% [47]; eg, symptom checkers
with no link to a health professional [28]).

By focusing on design and implementation, we identified new
ways in which OCs affect primary care quality. For example,
we found that, by increasing access, OCs can increase staff
workload by creating “supply-induced demand” [17,108] and
that they can decrease workload by enabling more focused
consultations [17]. Furthermore, as previous reviews often did
not analyze the design or implementation of OCs [45-47], we
identified influential factors that have not been previously
described. For example, although some reviews identified
increased workload when clinicians received insufficient patient
information via an OC system [46], we found that this was
particularly associated with MCQ-based OCs [23]. We identified

that allowing patients to describe their queries using unstructured
free text had the opposite effect [95] while also having a positive
impact on patient safety [55]. Using unstructured free text means
that patients can more fully describe their query in addition to
allowing them to freely express their ideas, concerns, and
expectations, as is common in patient-centered primary care
consultations [109].

Strengths and Limitations
As evidenced by the range of examples in Multimedia Appendix
1, we adopted a fundamental functional definition of OCs rather
than relying on the names given to them by the authors of the
included studies. When combined with our comprehensive
searches across multiple databases and inclusion of gray
literature, we identified more empirical studies relevant to OCs
than any previous evidence synthesis on the topic [45-47].
Combined with our focus on causal mechanisms, this helped
us develop a new and theoretically informed understanding of
OCs that has not been previously reported.

As in all systematic reviews, our synthesis is reliant on what
the study authors reported. OC features were not always
described in sufficient detail to understand how they affected
care quality [62]. There was also a lack of patient perspective
in the studies, particularly from OC nonusers [4]. We made our
literature search strategy as inclusive as possible regarding the
different terms used for OCs (Multimedia Appendix 1) but,
owing to their wide-ranging nature, it is possible that some
papers were missed. We updated our searches between
November 2021 and February 2022 to capture more recently
published studies but, owing to time constraints, only 1 author
(SD) screened these newer papers. This enabled us to capture
studies conducted in the context of COVID-19 (11/63, 17% of
all included studies).

Implications for Practice and Research

Overview
Our findings show that the impacts of OCs on care quality are
complex and can be influenced by the subtle ways in which
OCs are designed and implemented. To maximize their benefit
for patients and staff, we therefore provide recommendations
for OC developers on how systems could be designed, health
care organizations on how they can be implemented and used,
and researchers on questions and areas for further investigation.
They are discussed in the following sections under the high-level
themes from objective 2 and summarized in Table 4.
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Table 4. Implications for online consultation (OC) research and practice.

ImplicationsTheme

ResearchersHealth care providersOC designers

Condition
complexity

• Can OCs be used for complex
queries and, if so, how can they
be best adapted to support their

• Currently, all complex queries should
be routed through traditional consulta-
tion methods

• Help health care providers identify when
patients have submitted a query that could
be unsuitable for resolution via an OC;

resolution?for example, a complex condition
• What impact do OCs have on

clinical outcomes?

Technology • Is the additional demand via OCs
supply-induced or a previously

• Guide and support patients to provide
sufficient detail about their query

• Primarily allow patients to describe their
queries using unstructured free text rather

unmet (and now unmasked) need?than MCQsa

• How can AI be effectively used
in OCs?

• Allow two-way written messages to be
sent between staff and patients

• Fully describe the OC systems
studied in detail (eg, using the TI-

• Guide and support patients to provide
sufficient detail about their query

DieRc checklist [110])• Integrate with existing core clinical soft-
ware systems used by health care organi-
zations

• Support patients to self-care or signpost
them to other services when appropriate

• Match capacity to demand by limiting the
volume of OC queries a primary care
provider can receive

• Support workflow (eg, determining
whether OCs need clinical vs administra-
tive input)

• Assist in triaging patient queries
• Highlight when patients may require an

in-person appointment
• Explore the potential of using AIb to auto-

mate the aforementioned functions

Adopters • What is the experience of patient
users and low or nonusers of OCs

• Involve patients from a variety of back-
grounds in planning how OCs are imple-

• Involve patients from a variety of back-
grounds in designing OC systems to facil-

from a range of backgrounds?menteditate their adoption
• Why are patients with different

characteristics more or less likely
• Explain and promote the benefits of OCs

to staff and patients during their imple-
to use OCs?mentation—including increased access

for certain patient groups (eg, those with • How can patients from different
backgrounds be supported to usemental health conditions, verbal commu-

nication difficulties, and barriers to at- OCs effectively?
tending in-person appointments) • Are there other specific patient

groups likely to benefit from OCs
and why?

• In what circumstances are in-per-
son consultation methods viewed
as the gold standard and why?

• How are OCs being used after the
COVID-19 pandemic?

Organization • How can OCs most effectively be
incorporated into daily work-

• Widely promote OCs to patients through
various channels (eg, mail-out cam-

• Facilitate planning and booking OCs into
clinicians’ daily schedules

flows?paigns)
• Are OCs suitable for middle-in-

come countries?
• Provide sufficient staff training on OCs
• Divert as much incoming patient de-

mand as possible through OCs
• Plan OCs into clinicians’daily schedules
• Initially respond to patients through

written message or phone call as soon
as possible on the same day to acknowl-
edge their query
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ImplicationsTheme

ResearchersHealth care providersOC designers

• What is the long-term experience
of policies mandating OC use,
particularly in light of the
COVID-19 pandemic?

• Use system-wide policies to increase
OC uptake

• Centralized funding is required to ensure
sustainability

N/AdWider sys-
tem

aMCQ: multiple-choice questionnaire.
bAI: artificial intelligence.
cTIDieR: Template for Intervention Description and Replication.
dN/A: not applicable.

Condition Complexity
It is unclear whether OCs are unsuitable for complex patient
queries or whether workflows and procedures can be better
organized and OC systems can be better designed to deal with
them. Therefore, we recommend that (1) complex conditions
are routed through traditional consultation methods (eg, in
person and telephone) and (2) further research is conducted on
how these types of conditions could be better handled via OCs
to ensure that they benefit all patients.

Technology
On the basis of existing evidence, we recommend that OC
developers (1) allow patients to fully describe their queries using
unstructured free text rather than MCQs, (2) support patients
in providing sufficient detail in their queries for their primary
care provider to respond quickly and safely, (3) allow for
two-way written communication between staff and patients,
and (4) integrate their solutions with existing core clinical
software systems.

Technology design also plays a role in mitigating some of the
undesirable outcomes we identified from using OCs, including
increasing workload and costs. Increased workload is
particularly important as it can lead to a mismatch between
patient demand and health care resources, which can in turn
threaten patient safety if providers are unable to deal with OCs
in an appropriate time frame. A way this could happen is through

increased demand—if there are too many OCs submitted by
patients and not enough staff to deal with them [55]. Whether
this additional demand is a supply-induced [108] or previously
unmet (and now unmasked) need was unclear from the studies
we included [15] and requires further research. Nevertheless,
OC systems could help by (1) supporting patients to self-care
or signposting them to other services when appropriate; (2)
matching capacity to demand by limiting the number of OC
queries that primary care providers can receive from patients;
(3) supporting workflow, for example, by determining whether
OCs require clinical input to relieve the workload of
administrators [86]; (4) assisting in triaging patient queries to
reduce the associated costs of solely relying on clinicians for
triage [22]; and (5) highlighting when patients may require an
in-person appointment to facilitate direct booking to avoid work
duplication [23], which may relate to patient query complexity.

According to our definition [82], many of these functions may
require AI to be most effective, which should be explored by
OC designers (Figure 2). In all, 54% (13/24) of MCQ-based
OC systems in our review used AI (Table 1) [54], although
largely for other functions rather than the aforementioned ones.
Furthermore, AI was usually not the focus of the studies, and
we consequently found only low-confidence evidence regarding
its use in OCs (Multimedia Appendix 8). Therefore, how AI
could be used by OC systems in clinical practice requires further
research.

Figure 2. Artificial intelligence opportunities.
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The included papers did not always adequately describe the OC
systems studied, limiting our ability to determine how their
specific features affected care quality. Future research should
describe OC systems in detail so that evaluation findings can
be usefully compared, for example, by using the Template for
Intervention Description and Replication checklist [110].

Adopters
We found inadequate exploration of participant (especially
patient) experiences to confidently explain how and why the
impacts on care equity arose during OC use. Study authors and
health care staff often speculated reasons [18], but this was
insufficient to formulate evidence-based hypotheses. Future
research should explore the perspectives of patients using (and
not using) OCs from a wide range of backgrounds using in-depth
qualitative techniques such as interview-based methods. Patients
from a variety of backgrounds should be involved in how OC
systems are designed and help plan how they are implemented
in practice.

Staff and patients resisted adopting OCs when they viewed
traditional in-person consultation methods as the gold standard.
Although this was understandable for complex queries [17], it
was unclear whether other factors also influenced this view.
Future research should address this evidence gap, particularly
as COVID-19 has made remote consultations more
commonplace [49]. In the meantime, this perception could be
challenged by explaining the benefits of OCs found in our
review to prospective users [111].

Organization
For patients and staff to experience the benefits of OCs, they
must be widely promoted to patients as a route for them to
contact their primary care provider. This can happen through
various channels, such as mail-out campaigns (eg, via SMS text
message) or by verbally mentioning OCs when in contact with
patients (eg, when receptionists speak to patients on the
telephone).

To minimize workload associated with OCs, we recommend
that organizations (1) allocate sufficient resources to both setting
up and processing them, including the provision of training on
how to use OCs, and to staff and facilities (eg, computers and
rooms) to deal with them; (2) divert as much incoming patient
demand as possible through the system to avoid duplication and
increase the proportion of patient contacts that benefit from
OCs; and (3) incorporate OCs into daily work patterns by
scheduling protected time for staff to deal with them to ensure

that they do not become additional tasks to complete on top of
their normal work.

Our findings show that providers can increase access and patient
satisfaction by responding quickly to OCs, although the
definitions of what this involved were unclear. We recommend
providing an initial response to patients’ OC queries as soon as
possible on the same day—either through written message or
telephone call. This does not mean that the entire query needs
to be resolved at this point, only that initial contact has been
made and the query has been acknowledged.

We included studies from 9 countries, all of which were
high-income Western countries. Owing to their remote nature,
OCs may play a role in middle-income countries where there
are isolated communities and fewer health care staff per head
of population. However, further research is required to
understand how their technological and financial barriers could
be overcome.

Wider System
Governmental policies to promote OCs are effective in
increasing adoption, although centralized funding is needed to
sustain their use. It is unclear what the long-term experience of
such policies is from the papers we included, particularly in
response to those relating to the COVID-19 pandemic.

Conclusions
This is the first theoretically informed synthesis of empirical
research on OCs in primary care and uniquely includes studies
conducted during the COVID-19 pandemic. It contributes new
knowledge that OCs are safe and have positive impacts on care
quality, including increased access to primary care and decreased
patient costs. However, they are also complex and often produce
conflicting impacts on provider costs, staff and patient
workloads, patient satisfaction, and care equity. Some of these
are unintended and conflict with the promotion of OCs by policy
makers as a way to address already increasing workload and
decreasing workforce capacity in primary care [31-36]. Unlike
previous evidence syntheses on the topic, we have shown that
negative impacts on care quality of OCs can be mitigated
through appropriate system design (eg, free text formats and
two-way written communication), incorporation of advanced
technologies (eg, AI), and integration into technical
infrastructure (eg, EHRs) and organizational workflows (eg,
timely responses). Since the advent of COVID-19, OCs have
become indispensable, although further engineering and
implementation research is required to realize their full benefits.
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Abstract

Background: Visual analysis and data delivery in the form of visualizations are of great importance in health care, as such
forms of presentation can reduce errors and improve care and can also help provide new insights into long-term disease progression.
Information visualization and visual analytics also address the complexity of long-term, time-oriented patient data by reducing
inherent complexity and facilitating a focus on underlying and hidden patterns.

Objective: This review aims to provide an overview of visualization techniques for time-oriented data in health care, supporting
the comparison of patients. We systematically collected literature and report on the visualization techniques supporting the
comparison of time-based data sets of single patients with those of multiple patients or their cohorts and summarized the use of
these techniques.

Methods: This scoping review used the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) checklist. After all collected articles were screened by 16 reviewers according to the criteria, 6
reviewers extracted the set of variables under investigation. The characteristics of these variables were based on existing taxonomies
or identified through open coding.

Results: Of the 249 screened articles, we identified 22 (8.8%) that fit all criteria and reviewed them in depth. We collected and
synthesized findings from these articles for medical aspects such as medical context, medical objective, and medical data type,
as well as for the core investigated aspects of visualization techniques, interaction techniques, and supported tasks. The extracted
articles were published between 2003 and 2019 and were mostly situated in clinical research. These systems used a wide range
of visualization techniques, most frequently showing changes over time. Timelines and temporal line charts occurred 8 times
each, followed by histograms with 7 occurrences and scatterplots with 5 occurrences. We report on the findings quantitatively
through visual summarization, as well as qualitatively.

Conclusions: The articles under review in general mitigated complexity through visualization and supported diverse medical
objectives. We identified 3 distinct patient entities: single patients, multiple patients, and cohorts. Cohorts were typically visualized
in condensed form, either through prior data aggregation or through visual summarization, whereas visualization of individual
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patients often contained finer details. All the systems provided mechanisms for viewing and comparing patient data. However,
explicitly comparing a single patient with multiple patients or a cohort was supported only by a few systems. These systems
mainly use basic visualization techniques, with some using novel visualizations tailored to a specific task. Overall, we found the
visual comparison of measurements between single and multiple patients or cohorts to be underdeveloped, and we argue for
further research in a systematic review, as well as the usefulness of a design space.

(J Med Internet Res 2022;24(10):e38041)   doi:10.2196/38041

KEYWORDS

patient data; comparison; visualization systems; visual analytics; information visualization; cohorts; multiple patients; single
patients; time-oriented data

Introduction

Overview
The digitization of health care processes has led to large volumes
of digitized patient data, enabling new scenarios for data
analytics and visualization. In addition to other forms of data
representation, visual representation is becoming increasingly
important for describing and analyzing data, as well as for
drawing conclusions from data and making decisions based on
them. The forms of visual representation are as diverse as the
data, stemming from all areas of the health care system, such
as the care of patients in various subareas of inpatient medicine,
such as internal medicine or surgery, emergency and intensive
care, and outpatient medicine. The presentation of individual
patient data is as important as the presentation of the aggregated
data of groups of individuals with certain characteristics. Thus,
it has become increasingly important to present individual
patient cases in such a way that they are comparable with each
other or with cohorts. This goal becomes even more tangible
as visualization systems enable the visual analysis of complex,
high-dimensional, and heterogeneous data for different
objectives.

Although visualization systems for electronic medical record
analysis have been developed for decades, most health care
information systems still lack basic information visualization
concepts. However, visual analysis and delivery of data in the
form of visualizations are of great importance in health care, as
such forms of representation can reduce errors and improve care
[1] and can also help provide new insights into long-term disease
trajectories. Information visualization and visual analytics also
address the complexity of long-term, time-oriented patient data
by reducing the inherent complexity and facilitating a focus on
underlying and hidden patterns [2]. Visualization techniques
for temporal data enable clinicians to quickly identify relevant
trends in patient health records. Visual comparison techniques
help clinicians look for differences between a particular patient’s
data and his or her group, allowing them to identify, for
example, whether treatment needs to be adjusted. In a research
context, exploratory data visualization for hypothesis generation
is a well-established approach to cohort analysis [3]. By using
appropriate interactive visualization techniques, both established
and emerging, clinicians and researchers can effectively and
efficiently detect patterns, explore relationships, and identify
anomalies.

Visualization of time-oriented data is a well-researched area of
information visualization across diverse domains, such as

finance, the environment, and life sciences. A book by Aigner
et al [4] reports on 101 different visualization techniques for
time-oriented data and is, to the best of our knowledge, the most
detailed review in this area. The research and design of
information visualization is a user-centric area and has led to
frameworks proposing a classification for a what-why-how
differentiation [5]. Munzner [6] suggested a general approach
for task-, data-, and user-driven visualization design, which is
currently a widespread method in the visualization community
and can be applied to time-oriented data [7]. On the basis of the
given aspects of data and time (what), as well as user objectives
and associated tasks (why), different approaches to visualization
techniques (how) have been described [4].

With the increasing availability of clinical patient data for
secondary use in clinical research, new opportunities for
longitudinal studies and data analyses are emerging. Existing
studies have captured time-oriented data visualization in health
care [4,8]. However, these reviews do not specifically focus on
comparing individuals with other individuals or cohorts.
However, the largest and most important task associated with
all available data is comparison, for example, with earlier
periods of a patient’s journey, other similar multiple patients,
or a cohort. We anticipate that this task will become increasingly
important and diverse in the future.

However, there appears to be a gap in research specifically
related to these visual comparison tasks. Rind et al [9] identified
this as an open challenge. In their systematic review, they
reported on time-oriented data visualization techniques in health
care and pointed out the lack of research on the comparison of
a single patient to a group of patients with similar histories. For
this reason, we specifically address the visualization techniques
used to compare single patients with multiple patients or with
a cohort and report on the differences and gaps in design for
single-patient, multiple-patient, and whole-cohort visualization.
Although information visualization and visual analytics are
well-established fields and their application in the medical field
has been explored for decades, the use of interactive
visualizations for the analysis of patients and their cohorts is
still a very active area of research. Therefore, we have gathered
works from both scientific fields, the medical informatics and
visualization community, to provide a comprehensive overview
of the state of the art.

This review aims to answer the following research questions
(RQs):
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• RQ1: Which visualization techniques are used to compare
time-oriented patient data with their cohort data?

• RQ2: What visual analysis objectives and tasks are being
supported?

• RQ3: What are the characteristics of the visualization
systems and applications?

The goal of this study was to provide an overview of
visualization techniques for time-oriented data in health care,
which support patient comparison. More specifically, we
systematically collected literature and report on the interactive
visualization techniques that support the comparison of
time-oriented data sets of a single patient with those of multiple
patients or their cohorts and summarized the use of these
techniques. The visualization systems are described according
to their medical characteristics, data type categories, and further
relevant visualization aspects of such interactions.

Background

Visually Analyzing Data With Information Visualization
and Visual Analytics
Historically, the field of visualization research has been divided
into 3 subfields: scientific visualization, information
visualization, and visual analytics. Although this division is
currently sometimes considered too arbitrary and outdated, it
helps to structure different techniques and applications.
Scientific visualization deals with data that have an inherent
spatial reference, such as volume data from medical imaging
or atomic coordinates in a molecule. The terms “information
visualization” and “visual analytics” are often used
synonymously, although they are not synonymous. However,
the division is often less clear: information visualization
represents abstract data in a visual context and expresses patterns
or trends that are inherent to the data (using mostly 2D
visualization methods, eg, line or bar charts). Information
visualizations are often interactive, enabling the manipulation
of data or the visualization for in-depth analysis. Visual analytics
also represents data in an interactive visual context but further
supports the discovery and identification process of patterns
and trends by combining automated analysis with interactive
visualizations; that is, visual analytics systems use information
visualization methods to communicate data. Moreover,
additional aids for facilitating the understanding of rather
complex data are provided and, therefore, are able to support
decision-making. The term visual analytics was originally
coined in 2005 in the context of complex data analysis systems
for homeland security [10], where it was already described
broadly as “the science of analytical reasoning facilitated by
interactive visual interfaces.” Currently, the visual analytics
approach is used in many different application areas, ranging
from security over software analytics to biology, medicine, and
health [11]. Often but not necessarily, it applies machine
learning methods to support data analysis.

As it is often unclear whether a system should be classified as
interactive information visualization or visual analytics, the
reviewed visualization systems covered both areas. Especially
in the health sector, time-oriented data visualizations play an
important role, both on the level of individual or multiple

patients and on the level of entire populations or cohorts;
therefore, they are important subjects of research in information
visualization and visual analytics. Although existing reviews
investigate visual analytic methods and techniques in public
health and report on techniques from an epidemiological point
of view [8], or focus on visual analytic methods and techniques
applied to public health and health services research [12], these
review visualizations for populations do not specifically address
the visual analysis of single patients.

Investigating Patients: Individual Patients, Multiple
Patients, and Cohorts
Historically, the first cornerstones in the field of exploring data
visualizations of individual patients were laid in LifeLines by
Plaisant et al [12]. Numerous visualization systems for electronic
patient records or their data analysis have been developed since,
such as Knowledge-based Navigation of Abstractions for
Visualization and Explanation (KNAVE) [13], KNAVE-II [14],
Visualization of Time-Oriented Records [15], LifeLines 2 [16],
EventFlow [17], and CareCruiser [18] to name a few. Tools and
concepts supporting the visual analysis of patient progression
and cohort comparisons are still under active investigation. A
recent example is a visual analytics approach that uses
dimensionality reduction to summarize and compare individual
participants. This method was used to transform intensive care
unit data from a controlled animal experiment into 2D curves
representing the changing status of participants, with the
possibility of characterizing the ensembles of the participants
[19]. Another recent study [20] investigated the visual analysis
of event sequences in the context of several topics, of which
health care constitutes only a minor portion. Research on the
applicability of the other approaches to the health care domain
is not covered and, thus, constitutes an avenue for future
research.

Existing systematic reviews report on the prevalence of
electronic health record (EHR) visualization techniques for
individual patients and multiple patients [9,21,22]. Most such
visualization systems support the task of analyzing either a
single patient or multiple patients. Depending on the context
and goal of the analysis, multiple patients with increasing
numbers can build up to a cohort. Time-oriented patient data
comprise event sequences of different data types, which may
be categorized (eg, numeric outcomes to categories) or
aggregated in time. The same holds for multiple patients.
However, time-oriented cohort data (as in epidemiology) differ
in that abstract characteristics such as life expectancy or
self-reported outcome measures, for example, pain scales, are
used for analyses. These data are often reported, for example,
as a calculated mean or median across a group of individuals
at specified time points.

Comparing Time-Oriented Patient Data
Comparison is a widely supported task in interactive
visualization systems [23]. When visually analyzing patient
data, the task of comparison is a common part of the process,
ranging from comparing information about a single patient to
comparing treatment responses at different times and comparing
patients in a cohort.
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Beyond the context of clinical research and patient care, an
increasing number of patients want to manage their own EHRs,
analyze their disease progression, and compare it with similar
patients, similar to the web-based platform patientsLikeMe [24].

However, comparison is not a single clearly defined task but a
range of tasks [23]. Brehmer and Munzner [5] specified 3 tasks
(or scopes) for the user goal to query a specific target: “identify,
compare, and summarize.” This is to query within the scope of
a single target (identify), multiple targets (compare), or a set of
targets (summarize).

The visualization of time-oriented data of a single or multiple
patients has been widely explored [9], and most techniques used
for visualizing the data of a single patient can be applied to
multiple patients up to a certain degree. However, the
visualization of cohorts is different in terms of how data are
aggregated in time and value. For example, cohort data in
clinical trials comprise data that are usually provided at specific
time points (number of visits or days aligned for a baseline
event) and, in most cases, are represented as statistical values
(eg, mean or SDs).

Comparisons within single patients or within cohorts may seem
trivial as the same visualization technique is applied for each.
However, this may not be the case for comparing a single patient
with a cohort, as both may be visualized using a different
technique.

Thus, visual comparisons can be supported in various ways.
However, the visualization of multiple records can produce
visual complexity when visualizing an excessive number of
patient records. Similar to Munzner [6], the survey by Gleicher
et al [23] emphasizes the exploration of designs for the
information visualization of complex data objects, such as
graphs, tabular data, and surfaces, and proposes a general
taxonomy of visual designs for comparison. Both works
differentiate between 3 types of visual comparisons, namely,
juxtaposition (or separation), superposition (overlay), and
explicit encoding (explicit representation of the relationships),
as well as a combination of these. Juxtapositioning means
displaying 2 elements that are the subject of the comparison
next to each other, whereas superposition means showing them
on top of each other in the same view. Gleicher et al [23] found
that comparison tasks became more difficult with more complex
data objects and when more objects are to be compared, whereas
abstracting the data before the comparison can simplify the task.

Methods

Protocol and Registration
This scoping review was conducted in accordance with the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
approach. We drafted the protocol for our review by following
the checklist in the study by Tricco et al [25]. As this scoping
review reports primarily on visualization techniques rather than
on the outcomes of medical studies and PROSPERO
(International Prospective Register of Systematic Reviews) does
not accept scoping reviews, the protocol has not been registered
and published.

Eligibility Criteria
On the basis of the presented objective and RQs, we developed
criteria for articles to be eligible for review. Articles need to
report on a visualization technique, visualization system, or
design study supporting the visual analysis of time-oriented
patient data to compare a single patient with multiple patients
or a patient cohort.

The inclusion criteria were as follows: (1) articles on
visualization techniques of time-oriented patient data; (2) articles
on systems, applications, or prototypes to support the visual
analysis of time-oriented patient data; (3) implementation of
tasks to support the visual analysis of time-oriented patient data;
and (4) study of a visualization technique for time-oriented data
in which physicians or clinical researchers have undergone a
test (or questionnaire).

The exclusion criteria were as follows: (1) articles not in
English; (2) articles not focused on abstract time-oriented patient
data, for example, medical imaging methods (eg, positron
emission tomography, magnetic resonance tomography,
functional magnetic resonance imaging, and computed
tomography); (3) articles on 3D visualizations supporting
surgery, operations, or other medical interventions, for example,
augmented or virtual reality applications; and (4) articles on
deep learning and other machine learning approaches (using
patient data), where visualization is solely used to present the
implementation.

Articles focusing on medical imaging methods were excluded
as they did not fit the information visualization aspect. Although
these use imaging methods and are sometimes called (scientific)
visualization, they do not visualize abstract time-oriented patient
data.

The criteria were revised during the screening process, and we
specified the comparison aspect more strictly to exclude articles
on visualizations where comparing single patients to a cohort
was not supported, either explicitly or implicitly.

Information Sources
To collect potentially relevant articles, we searched the
following publication databases: PubMed, IEEE Xplore, ACM
Digital Library, and the Web of Science core collection. We
identified 4 major areas that reflected the concepts of our RQs:
time, visualization, data, and health care. Starting with these,
we drafted the main sets of keywords based on terms and
synonyms from the literature. Along with an experienced
librarian, we further refined our search strategy. The full search
queries for the different databases are provided in Multimedia
Appendix 1. The search was performed on July 2, 2020. The
search results were imported into Citavi reference management
software. Duplicates were removed after import.

Search
The initial search strategy was developed by a librarian from
the library of the Medical Faculty Mannheim of the University
of Heidelberg and was aimed at searching only titles and
abstracts. It contained the 4 aspects mentioned earlier: time,
visualization, data, and health care. The search strings were
reviewed and improved through 3 iterations, and 4 of the
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reviewers approved the final search strategy. The final search
string for PubMed is shown in Textbox 1.

Details of searches on the other databases can be found in
Multimedia Appendix 1.

In addition to the database searches, we identified the following
reviews regarding the visualization of time-oriented health care

data: West et al [21], Preim and Lawonn [8], and Aigner et al
[4].

We examined the reference lists of these reviews and identified
13 articles that we considered a fit for our search but were not
included in our search results. To address the search for potential
gray literature, we included articles from IEEE VIS annual
meetings and workshops on time or sequence visualizations.

Textbox 1. Search aspects and PubMed search string.

Time

• (“temporal data”[tiab] OR “temporal sequence*”[tiab] OR “temporal pattern*”[tiab] OR “temporal abstraction*”[tiab] OR “temporal event*”[tiab]
OR “time sequence*”[tiab] OR “time series”[tiab] OR “time period*”[tiab] OR “time frame*”[tiab] OR “timeframe*”[tiab] OR timeline*[tiab]
OR time-oriented[tiab] OR (“time”[tiab] AND “events”[tiab])) AND

Visualization

• (visuali*[tiab] OR “visual analy*”[tiab]) AND

Data

• (data[tiab] OR information[tiab]) AND

Health care

• (patient[tiab] OR patients[tiab] OR “health care”[tiab] OR health care[tiab] OR cohort*[tiab] OR “electronic health record*”[tiab])

Selection of Sources of Evidence
In the first screening step, 16 reviewers working in groups of
2 independently screened titles and abstracts for eligibility. In
this first screening, we only focused on visualizations of
time-oriented patient data and did not include criteria for the
comparison of a single patient with a cohort. Disagreements
were resolved through discussion and consensus of a third
reviewer.

In accordance with our objectives, we discussed the results of
the screening and continued to perform a second screening step
to apply the criteria of single-to-multiple or cohort comparisons.

The titles, abstracts, and full texts of the remaining articles were
skimmed for eligibility for an in-depth full-text analysis. The
remaining publications were used for data extraction.

Data-Charting and Extraction Process
For the data extraction, a data-charting form was developed and
refined throughout several iterations. The initial form included
several categories and abstractions for meta-information,
medical context, data, and visualization aspects.

The form was tested by 4 reviewers by applying it to 2 randomly
selected articles, of which 1 was assigned to each reviewer. We
discussed our findings for corrections and reconciliations
throughout the iterative process and released the final version
of the form.

Data Items
For each of the included articles, we specifically focused on
four major aspects: (1) meta-information of the article (authors,
year, and digital object identifier), (2) medical characteristics
(disease, medical context, and medical objective), (3) data type
categories (type of medical data, data type, temporality,

temporal spread, and availability of data set), and (4)
visualization aspects (visualization technique, tasks, interactions,
comparison, and evaluation). We extracted several data items
for each aspect.

The meta-information was collected from the respective
literature databases. It requires no further categorization but can
be used to sort and compare publications, for example, by author
or year and venue of publication.

The section on medical characteristics comprises Medical
Subject Headings (MeSH) terms for the diseases and medical
objectives. The medical context was clinical research, clinical
care, or both. For the extraction and grouping of medical data
types, we used the following categories: encounter (or transfers
or movements), diagnosis, procedure, laboratory results,
medication, cardiology findings, activity, condition, clinical
note, treatment plan, tumor severity, survival, Framingham Risk
Score, and patient-reported outcome. The categories were based
on hierarchically high-ranked concepts of clinical terminology
in the MeSH thesaurus and their frequency in the included
studies.

The data type categories were further distinguished as
qualitative, quantitative, categorical, and free-text. Data
temporality was determined for the time primitives (single time
points, time intervals, or both) and temporal arrangement as
either sequential or cyclic. The temporal spread was extracted
as short (from hours up to a few days), long (longer than a few
days), and short to long (from hours to several days). Data
availability was either described as yes (including restricted
availability), no (if not available), or not applicable if no further
information was given.

In the context of visualization, we applied Visual Vocabulary
[26] to the visualization techniques found in the studies. Visual
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Vocabulary aims to improve chart literacy for people outside
the visualization research community. This visual overview
classifies visualization techniques by their main objective and
structures them into 9 categories such as part to whole or
correlation. The category of change over time is particularly
relevant to our investigation of temporal patient data and
contains techniques such as line charts, calendar heatmaps, or
Priestley timelines. The latter shows sequential and parallel
events on a temporal x-axis, is similar if not synonymous to
Gantt and span charts, and is often simply labeled as “event
timeline.” Although Visual Vocabulary is not a standardized
taxonomy, it is used in both academia and practice. Other
reviews of visualization techniques [27] used the taxonomy
proposed by Borkin et al [28], which is a mix of basic graphs,
data, and task-oriented categories but does not include time as
a specific category. Wilke [29] discussed temporal data
visualizations but did not include them in his Directory of
Visualizations.

Visualization systems are intended to support a wide set of tasks
ranging from simple ones such as finding the laboratory value
of a specific patient at a given date to more complex tasks such
as comparing the progression of multiple characteristics of all
patients within a cohort. To discuss the similarities and
differences of such diverse tasks, different frameworks of
abstract task descriptions have been proposed.

The extraction of tasks in our review was based on the widely
used taxonomy for task abstractions by Brehmer and Munzner
[5], whereas the extraction of actions and targets relied on the
taxonomy by Munzner [6].

At the top level of the taxonomy by Munzner [6], visualization
systems can be categorized according to the user objectives and
associated tasks—why users use visualization techniques in
terms of actions and targets. Actions can be classified as analyze,
search, and query, and these can be further split into
subcategories. Regarding visualization systems of the category
of analyze, a distinction can be made among, for example,
offering data analysis for viewing, understanding information,
and creating new information. Consuming information includes
the discovery of new insights based on visualized data (Analyze:
Consume: Discover), as well as using the visualization for
presenting insights to others (Analyze: Consume: Present) [6].

We opted not to use the health data–specific task taxonomy by
Theis et al [30] as it is designed to capture tasks from the
perspective of patients. The data-driven taxonomy by
Rostamzadeh et al [31] provides a framework for activities and
tasks at different levels of granularity (activities, subactivities,
tasks, and subtasks) and proposes 3 major categories:
interpretation, monitoring, and prediction. However, comparison
is not explicitly defined as a task but rather mentioned as an
inherent task between interpretation (overview: visually
compare) and prediction (recognize: similarity). Consequently,
we considered this taxonomy unsuitable for the collection of
comparison tasks. Therefore, we applied the taxonomy by
Gleicher et al [23] for comparison.

We focused on comparison tasks between different types of
relationships: single-to-single patient comparison (1-1),
single-to-multiple patients comparison (1-n), single-to-cohort

comparison (1-1), and cohort-to-cohort comparison (1-1 or 1-n).
“Single to single” comparison means that users can compare
individual patient data over time with a nominal or target value
or with another single patient. “Multiple patients” stands for ≥2
patients with similar traits or characteristics and, in contrast to
cohorts, are an ad hoc group (ie, a dynamically selected subset
of patients). This includes comparing data, such as time points
and time intervals for procedures, diagnosis, laboratory values,
and encounters, across patients. The data are often aggregated,
as is the case in flow-based or stage-based approaches (eg, Guo
et al [32]). By contrast, cohorts are patient collectives in a
clinical or academic research setting; that is, cohorts generally
include more patients than “multiple patients.” These data tend
to be 1D for ≥1 group. This could be averaged over the entire
cohort.

More details about the items and their concrete sets of attributes
are available in Multimedia Appendix 2 [15,16,18,33-51].

Critical Appraisal of Individual Sources of Evidence
We critically appraised the individual sources specifically for
the comparison task. Visual comparisons can be made between
≥2 individual patients, between patients and a cohort, and
between cohorts. During the charting process, we systematically
collected and collectively discussed visualization techniques in
studies in which the applicability to the RQs was in doubt.
Included articles that mentioned both visualization and
comparison but did not suit our RQs, for instance, because of
the comparison of 2 visualization systems, were excluded from
the collection. For uncertain cases, in which the explicit
comparison of single patients against a cohort was not clearly
provided, we critically evaluated whether the visualization
technique could implicitly or potentially facilitate that objective.

Synthesis of Results
For the synthesis of results, evidence is presented in the form
of charts and tables. For the aforementioned data items, we
present and justify our selection of terms, schemas, and
taxonomies for different relevant attributes to extract. We
combined top-down and bottom-up methods in an iterative
approach and adapted and refined the terms where necessary.

We aimed to specifically report on the collected visualization
techniques and interactions for the comparison task, as well as
summarize the disease, medical objective, and the corresponding
medical data types.

For the quantitative analysis, we created charts for articles
according to the publication year. We used different tools for
the analysis, ranging from a simple dashboard tool for
preliminary analysis [52] to Jupyter notebooks, using the data
analysis library Pandas and the visualization library Altair for
exploratory data analysis. The resulting visualizations were also
used to inform the qualitative analysis of the selected
characteristics of the articles.

Results

Selection of Sources of Evidence
We identified 1154 articles through individual database searches.
Following separate imports into the reference management
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software (Citavi) for each database, we removed 26.95%
(311/1154) of duplicates electronically. As a first screening
step, the titles and abstracts of the 73.05% (843/1154) remaining
articles were checked by 16 reviewers, with each article being
screened independently by 2 reviewers. Approximately 70.5%
(594/843) of papers were excluded based on the study's inclusion
and exclusion criteria. In the second screening step, of the 843
articles, we skimmed the full text of 249 (29.5%) articles, of
which 192 (22.8%) were excluded as they did not report on the

task of comparing patients or cohorts. In the following review
step, the full texts of the remaining 57 articles were analyzed
in depth for the comparison task, of which 35 (61%) articles
were removed as the task of comparing a single patient to
multiple patients or a cohort was not provided explicitly,
implicitly, or potentially. Of the 843 articles, 22 (2.6%) were
included in the synthesis. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flow diagram
is presented in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram showing the identification, screening, and
inclusion of articles.

Characteristics of Sources of Evidence

Overview
We included 22 articles in the scoping review. Most (17/22,
77%) of the included articles were explicitly either
single-to-cohort or single-to-multiple comparisons and
implemented a comparison visually. The remaining articles
(5/22, 23%) were single-to-single (1/5, 20%) or either
cohort-to-cohort or multiple-to-multiple (4/5, 80%) comparisons.
We included these 5 articles as the presented techniques, in our

opinion, could potentially be applied or extended easily to
handle a single-to-cohort or single-to-multiple comparison.

All included articles were published between 2003 and 2020.
Of the 22 articles, 8 (36%) were published before the review
by Rind et al [9] in 2013.

Medical Context
We looked at the medical setting in which the visualization
research took place. Medical context in the corpus was mainly
clinical research (13/22, 59%), clinical care only (4/22, 18%),
and both areas (5/22, 22%; Table 1).
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Table 1. Medical context in the selected articles (N=22).

Articles, n (%)StudiesMedical context

4 (18)Atherton et al [45], Klimov and Shahar [15], Wang et al [16], and Borhani et al [38]Clinical care

13 (59)Gschwandtner et al [18], Gotz and Wongsuphasawat et al [41], Stubbs et al [35], Tao
et al [46], Gotz et al [42], Cho et al [47], Browne et al [48], Dabek et al [49], Ka-
maleswaran et al [40], Gomov et al [39], Wildfire et al [34], Nickerson et al [50], and
Polack et al [37]

Clinical research

5 (22)Guo et al [43], Rogers et al [36], van Dortmont et al [33], Magallanes et al [44], and
Dahlin et al [51]

Clinical research or clinical care

Disease
Most of the included articles (9/22, 41%) reported on
pathological conditions, signs, and symptoms. The second most
frequent diseases mentioned were related to wounds and injuries
(2/22, 9%), neoplasms (2/22, 9%), or cardiovascular disease
(2/22, 9%).

Medical Objective
Nearly all reviewed articles were found to have “Treatment
Outcome” (16/22, 73%) as the primary medical objective. The
second most frequent and equally distributed were “Patient
Outcome Assessment” (3/22, 14%) and “Disease attributes”
(3/22, 14%).

Results of Individual Sources of Evidence

Data
The medical data types identified for visualization and patient
comparison contained in the included sources of evidence ranged
from the laboratory (13/22, 59%), vital signs (9/22, 41%), and
procedures (8/22, 36%) to diagnosis (8/22, 36%). An overview
of all extracted data types is provided in Table 2.

The temporal spread of the data was extracted as short (for a
couple of hours to less than a few days), long (for more than a
few days), and short to long (for data ranging from hours to
more than a few days). Most articles reported on either a long
(10/22, 45%) or short to long (9/22, 41%) temporal spread, and
one of the articles reported on a short (1/22, 4%) spread only.
In 4% (1/22) of articles, we could not determine the temporal
spread of the data.

Table 2. Medical data types in included articles.

Articles, n (%)StudiesMedical data types

13 (59)Atherton et al [45], Klimov and Shahar [15], Wang et al [16], Borhani et al [38],
Gschwandtner et al [18], Stubbs et al [35], Gotz and Stavropoulos [42], Browne et al
[48], Gomov et al [39] Wildfire et al [34], Guo et al [43], van Dortmont et al [33], and
Magallanes et al [44]

Laboratory

9 (41)Borhani et al [38], Stubbs et al [35], Cho et al [47], Browne et al [48], Gomov et al
[39], Wildfire et al [34], Nickerson et al [50], Polack et al [37], and van Dortmont et
al [33]

Vital signs

8 (36)Wang et al [16], Gotz and Wongsuphasawat [41], Stubbs et al [35], Tao et al [46],
Gomov et al [39], Guo et al [43], Rogers et al [36], van Dortmont et al [33], and Dahlin
et al [51]

Procedures

8 (36)Stubbs et al [35], Tao et al [46], Gotz and Stavropoulos [42], Dabek et al [49], Gomov
et al, 2017 [39], Guo et al [43], van Dortmont et al [33], and Dahlin et al [51]

Diagnosis

5 (23)Gotz and Wongsuphasawat [41], Gotz and Stavropoulos [42], Browne et al [48], Gomov
et al [39], and Guo et al [43]

Medication

5 (23)Wang et al [16], Dabek et al [49], Guo et al [43], van Dortmont et al [33], and Magal-
lanes et al [44]

Encounters (or transfers or move-
ments)

5 (23)Atherton et al [45], Gotz and Wongsuphasawat [41], Stubbs et al [35], Nickerson et
al [50], and Rogers et al [36]

Patient-reported outcomes (or out-
comes)

5 (23)Stubbs et al [35], Kamaleswaran et al [40], Polack et al [37], van Dortmont et al [33],
and Gotz and Wongsuphasawat [41]

Cardiology

4 (18)Browne et al [48], Nickerson et al [50], Polack et al [37], and Rogers et al [36]Activity

3 (14)Tao et al [46], Dabek et al [49], and Rogers et al [36]Conditions

2 (9)Gotz and Wongsuphasawat [41] and van Dortmont et al [33]Clinical notes

2 (9)Gschwandtner et al [18] and (treatment plans) Dahlin et al [51] (tumor severity and
survival)

Other
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Visualization Techniques
The visualization system comprised ≥1 visualization technique
(mean 2.86, SD 1.36). Most (18/22, 82%) of the articles
combined multiple visualization techniques, although some of
the used techniques were not explicitly directed at the
comparison task and were rather used for auxiliary visualizations
or for purposes not related to the comparison. Some articles
(4/22, 18%) implemented only 1 visualization technique,
whereas some (4/22, 18%) featured more complex visualizations
using a combination of up to 5 techniques. Systems provide
multiple techniques by showing them either side by side
(juxtapositioned, eg, in coordinated multiple views or in a
dashboard), overlaid (superpositioned, ie, resulting in combined
visualizations), or on different pages within a system (eg,
interactively switching between multiple views). We identified
all visualization techniques and grouped them according to what
they mainly intended to show (see the visualization categories
in Figure 2).

In general terms and detached from the restriction of analyzing
only the articles with explicit single-to-cohort or multiple
comparisons, the major visualization techniques identified in
our review are line and Priestley timeline charts, histograms,
scatterplots, and bar charts.

Out the 22 articles, 17 (77%) included at least one technique to
show change over time, with 2 (9%) articles [36,37] using 3
techniques from this group and 6 (27%) articles using 2
techniques. Overall, we identified 27 occurrences to visualize

the progression of 1 or multiple attributes. The most frequently
used were temporal line charts (8/22, 36%) and event timelines
(8/22, 36%), followed by columns (4/22, 18%), connected
scatterplots (2/22, 9%), and fan charts (2/22, 9%). Techniques
used once ranged from calendar heat maps to area charts and
candlesticks.

The second largest visualization category was distribution, with
41% (9/22) of articles having ≥1 technique from this group. Of
the 22 articles, overall, we extracted 12 occurrences of
techniques showing the distribution of values: histograms were
used in 7 (32%) articles, box plots in 3 (14%), and violin plots
and barcode plots in 1 (4%) article each.

The third largest category supports the analysis of correlation,
with scatterplots (5/22, 23%) and bubble charts (2/22, 9%) being
the most applied techniques.

Other techniques used more than once included Sankey charts
(3/22, 14%) from the flow category, bubble charts, network
diagrams, stacked bars, and dot strip plots (2/22 each, 9%) from
various other categories.

Using the taxonomy for visual comparison by Gleicher et al
[23], we found that most works either applied juxtaposition
(10/22, 45%), some (4/10, 40%) of which featured an additional
explicit encoding of the relationship, or superpositioning (10/22,
45%), some (3/10, 30%) of which featured explicit encoding.
Only 9% (2/22) of studies applied both juxtaposition and
superposition, and only a single study applied an additional
explicit encoding.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e38041 | p.149https://www.jmir.org/2022/10/e38041
(page number not for citation purposes)

Scheer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Visualization techniques in the selected articles. Each dot indicates the existence of the technique in a system, with full saturated dots
representing the application of the technique for the explicit task of comparison. References within the gray background were identified to support the
comparison of multiple patients (single-to-cohort or single-to-multiple). Colors indicate the visualization category, with the bars on the right showing
the distribution of the techniques. Bars at the bottom represent the number of techniques identified for each article. Techniques are sorted based on the
number of occurrences, and articles are sorted based on the year of publication.

Tasks
User objectives can be characterized by task pairs of actions
and targets (compare data items). We have summarized these
for the articles in Figure 3.

In all the tasks of the reviewed articles, the action of discovering
new knowledge in the visualized data is presented (Analyze:
Consume: Discover). Only 9% (2/22) of articles featured the
action of presenting visualized data as the main action (Analyze:
Consume: Present).

The second most frequent action in this category was derive,
creating new material from the shown data (Analyze: Produce:
Derive; 10/22, 45%). Only one of the articles supported
annotation (Analyze: Produce: Annotate): the ChronoCorrelator
supports tagging events with free-form texts that can be used
later on, for example, to highlight or filter events for further
exploration [33]. In the category of search, the actions locate
(13/22, 59%), finding a known target at an unknown position,
and explore (13/22, 59%), searching for an unknown target at
an unknown position, appeared most frequently. The actions of
lookup (11/22, 50%), looking for a known element at a known

location, and browse (8/22, 36%), browsing for ≥1 element
without knowing their identity but knowing their characteristics,
appeared less frequently. The most frequent action from the
category of query was compare (Query: Compare; 20/22, 91%),
comparing multiple targets, a result we expected because of our
RQ, followed closely by the task of identify (Query: Identify;
18/22, 82%). The least frequent was the action of summarize
(Query: Summarize; 10/22, 45%).

The targets of the actions were heterogeneous, with a notable
exception being All Data: Trends (19/22, 86%), which appeared
more frequently than others. Targeting outliers (All Data:
Outliers) and features (All Data: Features) was part of 54%
(12/22) and 50% (11/22) of articles, respectively. However,
correlation as a target (All Data: Correlation) was only featured
once (1/22, 4%). Actions can target ≥1 attribute of data. The
most frequent attribute from the category many was similarity
(Attributes: Many: Similarity; 11/22, 50%), followed by
dependency (Attributes: Many: Dependency; 8/22, 36%) and
correlation (Attributes: Many: Correlation; 7/22, 31%).
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The targeting of a single attribute occurred less frequently with
distribution (Attributes: One: Distribution; 10/22, 45%),

appearing far more often than extremes (Attributes: One:
Extremes; 3/22, 14%).

Figure 3. Identified tasks (actions and targets) in the included articles. The plot shows the tasks as actions (analyze, query, and search) and targets (all
data, attributes, and network data) that could be completed by visualization systems presented in the articles in our selection. For the categorization of
tasks, we used the taxonomy by Munzner [6]. Gray backgrounds indicate articles where patients (single-to-cohort or single-to-multiple) could be
compared. Bars on the right-hand side represent the number of articles that used the displayed task category.

Interaction Techniques
Although interactions offer a way of facilitating a more
explorative method of data analysis, more than one-quarter of
the articles of interest (6/22, 27%) did not offer any interaction
(“No interaction” in the middle of Figure 4) regarding the main
task—the comparison of single patients with multiple patients
or cohorts.

The most frequent interaction possibility found in 41% (9/22)
of the articles was the interactive selection of the individual
patient or the composition of the cohort. In addition,
approximately half of the articles (10/22, 45%) offered an
interactive way of showing additional information (details on
demand; 8/22, 36%), using hover (6/22, 27%), highlighting
(4/22, 18%), or other techniques. The other most commonly
used interactions were align (7/22, 32%), filter (8/22, 36%),
select measure (7/22, 32%), and zoom and pan (8/22, 36%).

In most studies in scope comparing a single patient with a cohort
or multiple patients (17/22, 77%), we identified the selection
of a patient and the definition of a cohort as a key interaction
technique (select patient or cohort; 6/17, 35%).

This was followed by details on demand (5/17, 29%) and
hovering (4/17, 23%). Only 23% (4/17) of these studies did not
use any interaction technique for the comparison task.

Depending on the objective of the visualization system to
explicitly explore, analyze, and compare patient data, up to 4
interaction techniques are applied directly to support the task
for single-to-single or single-to-cohort comparisons [34].
Approximately half of the included articles (9/22, 40%)
supported only a single interaction technique for the main task
of comparison, whereas some (8/22, 36%) articles combined
≥2 interaction techniques to support the comparison of data
elements.
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Figure 4. Interaction techniques identified in all included articles. Dark blue dots indicate the explicit application of interaction for the task of comparison.
Light blue dots indicate the existence of interactions in the system. References within a gray background were identified to support the comparison of
multiple patients (single-to-cohort or single-to-multiple).

Individual Results of Visualization Techniques for
Comparisons

Overview

In this section, the individual results of some of the included
articles are presented. The most frequent visualization
techniques are shown, and a more detailed analysis is provided
for line charts, Priestley timelines, scatterplots, and histograms.

For the visual comparison of time-oriented patient data from
the category of change over time, line charts and Priestley
timelines were used most frequently. The second most
commonly used visualization categories were distribution and
correlation, with histograms and scatterplots. Depending on the
complexity of the presented visualization system, between 1
and 5 visualization techniques were used to visually support a
comparison (Figure 2). Table 3 summarizes the visualization
techniques used for comparison, the supported combinations
of patient entities, and the used visual comparison approach.
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Table 3. Overview of all articles containing visualization techniques for comparison.

Visual comparison by Gleicher et al [23]Type of comparisonVisualization technique supporting
comparisons

Author

s-sb, s-mc, and s-cdKamaleswaran et al [40]a • s-s: superposition+juxtaposition• Distribution: barcode plot
• Change over time: line • s-m: superposition+juxtaposition

• s-c: superposition+juxtaposition• Distribution: histogram

s-s, s-m, and s-cGomov et al [39]a • s-s: juxtaposition• Change over time: calendar
heat map • s-m: juxtaposition

• s-c: juxtaposition+explicit encoding

s-s and s-mAtherton et al [45]a • s-s: juxtaposition• Change over time: Priestley
timeline • s-m: juxtaposition

s-s and s-mGschwandtner et al [18]a • s-m: juxtaposition+explicit encoding• Correlation: scatterplot
• Change over time: columns • s-s: juxtaposition+explicit encoding
• Change over time: candlestick

s-s and s-mTao et al [46]a • s-s: juxtaposition• Change over time: Priestley
timeline • s-m: juxtaposition

• Flow: Sankey

s-s and s-mGuo et al [43]a • s-s: juxtaposition• Change over time: columns
• Part to whole: tree maps • s-m: juxtaposition

s-sBrowne et al [48] • s-s: juxtaposition• Change over time: columns
• Change over time: connected

scatterplot

s-mWildfire et al [34]a • s-m: superposition• Change over time: line

s-c, s-m, m-me, s-s, and c-cfWang et al [16]a • s-c: juxtaposition• Change over time: Priestley
timeline • s-m: juxtaposition+explicit encoding (ad-

ditive)• Distribution: histogram
• Part to whole: stacked column

or bar

s-c and s-mKlimov and Shahar [15]a • s-c: superposition• Change over time: line
• s-m: superposition

s-c and s-mStubbs et al [35]a • s-c: superposition• Change over time: line
• s-m: superposition

s-c, c-c, c-mgGotz and Wongsuphasawat [41]a • c-c: superposition• Flow: Sankey

s-cBorhani et al [38]a • s-c: superposition• Correlation: scatterplot

s-c—hvan Dortmont et al [33]a • s-c: superposition+explicit encoding

c-c, s-mGotz and Stavropoulos [42]a • c-c: superposition+explicit encoding (an-
imation)

• Correlation: bubble

c-c and s-cDabek et al [49]a • c-c: juxtaposition• Flow: network
• s-c: juxtaposition

c-c and s-cDahlin et al [51]a • c-c: superposition• Change over time: connected
scatterplot • s-c: superposition

c-c and m-mCho et al [47] • c-c: juxtaposition+explicit encoding (ad-
ditive)

• Deviation: Surplus or deficit
filled line

• Change over time: columns
• Change over time: line
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Visual comparison by Gleicher et al [23]Type of comparisonVisualization technique supporting
comparisons

Author

• c-c: juxtaposition+explicit encoding, su-
perposition+explicit encoding

• s-c: juxtaposition

c-c and s-c• Change over time: line
• Change over Time: fan chart
• Change over time: Priestley

timeline

Rogers et al [36]a

• c-c: juxtapositionc-c• Correlation: XY heat mapNickerson et al [50]

• c-c: superposition+explicit encoding (ad-
ditive)

c-c• Change over time: Priestley
timeline

Polack et al [37]

• c-c: superpositionc-c• Distribution: box plot
• Correlation: scatterplot

Magallanes et al [44]

aContain a comparison of single patients to cohorts or to multiple other patients, as visualized in Figure 2.
bs-s: single-to-single.
cs-m: single-to-multiple.
ds-c: single-to-cohort.
em-m: multiple-to-multiple.
fc-c: cohort-to-cohort.
gc-m: cohort-to-multiple.
hNot available.

Visualizing Change Over Time: Line Charts and Timelines

This section provides a qualitative description of some of the
key findings regarding the main RQ. Of the 22 articles, 5 (23%)
used line charts for comparison, of which 4 (18%) specifically
provided a visualization of the task of comparing single patients
to multiple or a cohort of other patients. Few (2/22, 9%) of these
studies used the Priestley timelines in addition to line charts;
therefore, they applied 2 change over time techniques.

The line chart used by Klimov and Shahar [15] demonstrated
the visualization of a single concept over time; that is, the
visualization of a single raw parameter (eg, carbon dioxide)
over time for 1 group of patients (Figure 5, top right). The chart
displays the top line for the maximal values, the bottom line for
the minimal values, and the wide line (thick line) in the middle
for the average values in the selected group of patients. The
selected patient is displayed as an additional line, which, among
other techniques, facilitates the comparison of a single patient
with the cohort for this single parameter over time.

In Sim-TwentyFive by Stubbs et al [35], multiple multiline
charts (arranged as small multiples) displayed various patient
parameters for multiple similar patients (Figure 5, center right).
Similar to the study by Klimov and Shahar [15], color coding
was used to highlight the queried, selected, or most recently
selected patient (green, white, or yellow, respectively), which
enabled an easy comparison of the lines of interest, whereas
unselected patients remained partially transparent black. In
addition, aggregate polygons could be superimposed optionally
to visualize the cohort mean and SD of a measure.

Similarly, Wildfire et al [34] used a multiline chart to display
the development over time of multiple patients for a single
selected patient measure (Figure, 5 top left). The time axis could
be switched between days (starting at the baseline event of a
study) or visits (the number of visits in a study). At the end of

each multiline chart, a box plot representation helped compare
the single selected patient line with the overall value across the
cohort.

The line chart of Rogers et al [36] allowed a multitude of
interactions, ranging from aggregation to normalization, serving
primarily to show the development of self-reported patient
outcomes over time for different cohorts and individual patients
(Figure 5, bottom right). Individual patient scores could be
viewed in a multiline chart, which enabled a comparison
between patients. Color coding based on the calculated quartiles
across the cohort could also enable individual patient
comparisons with the cohort.

Composer by Rogers et al [36] and SafetyExplorer by Wildfire
et al [34] used Priestley timelines in addition to line charts.
Composer shows Patient-Reported Outcomes Measurement
Information System scores over time as line charts and patient
procedure code history in a Priestley timeline. The 2
visualizations (Figure 5, right) are time aligned with new time
range selections reflected in both views. One or multiple patients
can be selected in the nonaggregated line chart whose procedure
code histories are shown in the Priestly timeline. In contrast,
SafetyExplorer provides a line chart and event timeline on
separate pages rather than in a coordinated manner. The suite
provides all views as components.

Chronodes by Polack et al [37] explicitly showed only the use
of Priestly timelines in the context of a cohort-to-cohort
comparison. In detail, they used event glyphs called “kebabs”
to show the occurrences of specific, differing event sequences
preceding or following single or multiple shared sequences of
events, called “focal events.” As the relative frequency of the
preceding or following sequence was shown, this allowed the
user to compare cohorts (ie, groups sharing the same focal
event).
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The aforementioned articles used these techniques for the task
of comparing patients, and several articles also featured the
same techniques but for tasks other than comparison.

For example, Borhani et al [38] also used line charts to display
individual patient parameters over time but not directly for
comparison. Gomov et al [39], among others, also used the
Priestly timeline but only to visualize additional data, such as
procedures, medication, or infections, on a per-patient basis.

Figure 5. Examples showing line charts as the primary visualization technique for change over time. Use of a line chart to display the cohort (mean,
maximum, and minimum boundaries) and a single selected patient (top left) (reproduced from Klimov and Shahar [15], an Open Access article). Use
of a line chart to display multiple patients (unselected, selected, and queried individuals) (center left) (reproduced from Stubbs et al [35], an Open Access
article). Use of a line chart to display and compare 2 cohorts (mean and quantiles) over time (bottom left). In addition, selected single patients are
displayed below as Priestley timelines (reproduced from Rogers et al [36], an Open Access article, which is published under Creative Commons
Attribution 4.0 International License [53]). Use of a line chart to display multiple patients (top right). In addition, small multiples (line charts) display
more parameters for a selected patient (reproduced from Wildefire et al [34], with permission from Springer, conveyed through Copyright Clearance
Center, Inc). Another view in the system in shows Priestley-like timelines (dot-stripe) for individual patients (bottom right) (reproduced from Wildefire
et al [34], with permission from Springer, conveyed through Copyright Clearance Center, Inc).

Visualizing Distribution: Histograms

In contrast, 1 common visualization technique was used only
sparingly (7/22, 32% articles) for the comparison task: the
histogram. Of the 7 uses of histograms, 6 (86%) were featured
in studies using single-to-cohort or single-to-multiple
comparisons (Figure 2). However, only 33% (2/6) of the studies
used histograms for the comparison task directly. These 2
studies, by Wang et al [16] and Kamaleswaran et al [40], used
the histogram differently.

LifeLines2 by Wang et al [16] used an event-aligned timeline
in which other types of events could be plotted as a histogram
over the complete cohort (Figure 6, left). By using interactions,
certain patients with events in specific regions could be selected,
and a single patient’s event pattern could be directly compared

with the general distribution of events, as indicated by the
histogram.

Kamaleswaran et al [41] offered a detailed view of their system
in which the distribution of a parameter, for example, heart rate
variability, over the complete cohort was superimposed with
the distribution of measured heart rate variability for a single
patient (Figure 6, center). This enabled the direct comparison
of a selected patient with the cohort.

The other studies that did not use histograms as a means of
direct comparison used them as an auxiliary visualization,
displaying additional data. For example, Gotz and
Wongsuphasawat [41] used it to show the frequency of the types
of interventions or medication in a selected subgroup of patients,
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and van Dortmont et al [33] used it as a basis for interactive filtering of the data set (Figure 6, right).

Figure 6. Examples of histograms to display distribution over time. Use of a histogram to display the occurrences of procedures before and after an
event (left) (reproduced from Wang et al [16], with permission from IEEE). Use of histograms to display the distribution for a selected measurement
of a cohort and an individual (center). Additionally, line charts display the raw data (reproduced from Kamaleswaran et al [40], with permission from
the authors). Use of a histogram as an interactive filter (right) (reproduced from van Dortmont et al [33], with permission from the authors).

Visualizing Correlation: Scatterplots

The third largest group contained techniques for exploring and
analyzing correlations. The 2 most frequent techniques were
scatterplots with 5 occurrences and bubble charts with 2
occurrences, which extended scatterplots by additionally
encoding an additional attribute to the size of the marks.

The scatterplots in the reviewed systems enabled comparison
through 2 means: showing a connecting line to highlight a single
patient (superpositioned) or combining them with an additional
technique (juxtapositioned). Approximately 57% (4/7) of the
scatterplots showed the derived data by projecting
multidimensional data to 2D data [32,38], visualizing correlation
as bubble size [42], or calculating a similarity value [35].

Klimov and Shahar [15] visualized the measurement of a
parameter over time in a group of patients. Here, the diagram
showed the measurements for multiple patients without visual
distinction for different patients. When a patient was selected,
all measurements were connected by a line. In this way, a single
patient could be visually compared with a group of patients.

Borhani et al [38] projected a 4D model onto a 2D plane (Figure
7, top left). The measurements of multiple patients in the
“normal” state were shown as a cluster of blue dots. The
measurements of the first and last hours of a selected patient
were shown within the scatterplot in green and red, respectively.
This allowed for quick identification of normal and abnormal
measurements of the patient. In addition, the original (ie,
nonprojected) measurements of the selected patients were shown
in line charts juxtapositioned below.

CareCruiser (Gschwandter et al [18]) showed the parameters
over time for multiple patients under investigation (Figure 7,
top center). For each patient, a chart visualized the parameter’s
values over time to view their condition. The time axes were
relative to a specified time point; thus, the vertically
juxtapositioned charts enabled a direct comparison. Different
color-coded bands eased visually identifying relevant events of
the patient’s development.

The Sim-TwentyFive visualization system [35] enabled querying
and comparing episodes and measurements of a selected patient
with the 25 most similar other patients (Figure 7, top right). A
“cartesian coordinate plot” mapped a calculated score to the
x-axis such that the distance to the selected patient indicates
their similarity for different measures. Users could switch

between different continuous and categorical parameters along
the y-axis. The similarity index allowed viewers to compare
selected patients with multiple others.

DecisionFlow [42] aggregated event sequences into milestones
and intermediate episodes, resulting in visually less complex
sequences. DecisionFlow contained a statistical panel with a
bubble chart as the main visualization (Figure 7, bottom left).
The bubble chart enabled the comparison of events over time
and the identification of relevant events for further exploration.
Each circle represents an event type, positioned onto 2 axes
representing positive or negative support; that is, “the fraction
of intermediate episodes in the positive [resp. negative] outcome
group containing one or more occurrences of the event type.”
Its size encoded the correlation, with the additional color
showing an odds ratio consistent with all other color codings
within the visualization system. The correlation and odds ratios
were based on the positive and negative outcome groups. Thus,
circles closer to the x-axis represented event types that appeared
more often in episodes with a positive outcome and vice versa.

Guo et al [43] presented color-coded circles on a 2D chart to
support a visual comparison of event co-occurrence (Figure 7,
bottom center). It visualized multiple dimensions on a 2D plane
using a dimension reduction technique. This dimension
reduction approach resulted in similar events being closer
together and dissimilar events being more distant in this chart.
Although the used t-distributed stochastic neighbor embedding
projection often seemed to show clusters, it is heavily dependent
on the chosen parameters of the algorithm. The position of each
individual event on the x- and y-axes is semantically ambivalent,
and thus, this view is only tangentially related to classic
scatterplots.

The scatterplot in the study by Magallanes et al [44] enabled
the comparison of different weekdays, event sequences, and
event occurrences (Figure 7, bottom right). Although it did not
facilitate single-to-cohort or single-to-multiple comparisons, it
was an unusual approach for visualizing a parameter over time
(ie, the occurrence and duration of consultation events). The
scatterplot was shown as a superposition of the scatterplots for
different patients. This allowed for the quick identification of
normal and abnormal measurements. Although the data points
can be identified as outliers, the user cannot identify the patient
the event occurrence belongs to.
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The presented examples of individual results demonstrate
common approaches for comparing time-oriented data. Most
applied techniques are line charts that show the development
of a parameter over time for single or multiple individuals or
aggregated for cohorts. Priestley timelines in the presented cases
show the periods and mark the start and end of an episode type
to be compared but not for directly comparing the quantities.

Bar charts and histograms display the distribution over time
and are often used as interactive charts for filtering.

Scatterplots have diverse applications, from simple dots over
time to more complex techniques that show correlations between
patients and parameters.

Figure 7. Examples of scatterplots to display correlation. Use of a scatterplot to display a 2D projection of values of a cohort and a single patient (top
left) (reproduced from Borhani et al [38], with permission from IEEE). Use of a scatterplot to display measurements over time for multiple patients (top
center) (reproduced from Gschwandtner et al [18], with permission from IEEE). A scatterplot to show similarity scores across multiple patients (top
right) (reproduced from Stubbs et al [35], an Open Access article). Use of a scatterplot (bubble chart) to display the positive and negative outcome
contributions of a selected sequence of procedures (bottom left) (reproduced from Gotz et al [42], with permission from the authors). A scatterplot to
display a 2D projection of event co-occurrences (bottom center) (reproduced from Guo et al [43], with permission from IEEE). A scatterplot to display
occurrences and duration of consultation events (bottom right) (reproduced from Magallanes et al [44], with permission from IEEE).

Discussion

Summary of Evidence

Methodology
The first screening step was conducted by a diverse
interdisciplinary team, with contributors having different levels
of expertise in visualization research. The last screening and
analysis steps were performed by 4 experts from the core team.
Although experience and expertise in visualization were
advanced, many issues arose during the extraction of data items
when applying the different taxonomies. We are aware that in
some of our extraction steps, the interpretation of the presented
visualizations and application of the corresponding taxonomies
may vary. Although we discussed debatable data items, other
individuals may obtain different results in some cases.

To provide a systematic overview of the visualization
techniques, we investigated different existing taxonomies and
classification schemas. We chose Visual Vocabulary as it
structures the techniques according to the main objectives. In
addition to the task classification by Munzner [6], we collected
techniques and their visual analysis objectives and tasks. We
found it beneficial to have experts and incorporate publications
from both the medical and visualization fields. Through the
combination of taxonomies from practice and academia, we
were able to collect and review the types of visualizations used
for the specific task of comparing temporal patient data. In this

way, we could provide an overview of the different visualization
techniques and the contexts in which they are used (RQ2).

On a secondary note, we find it worthwhile to highlight how
the 2 communities may learn from each other. State-of-the-art
reports (STARs) are a major approach to systematically
reviewing specific fields in information visualization (McNabb
and Laramee [54] and Wang and Laramee [2]). Although they
are similarly rigorous in their approach, there is no standardized
methodology for collecting and documenting evidence in
information visualization reviews. In contrast, STAR articles
often use visualizations to summarize their findings. Thus, there
might be 2 promising targets for information visualization
researchers to build more standardized reviewing and survey
procedures and for medical informatics researchers to embrace
some of the visual summaries that STAR articles use.

To provide readers with an interactive way of exploring the
visualization systems from our scoping review, we created a
visual literature browser using the SurVis software [55]. Our
tool not only provides a selection of attributes to see the use of
specific visualization techniques but also enables cross-filtering
to identify systems combining a set of attributes such as medical
context, visualization, and patient entities. Our companion tool
is available on the web [56].

Medical Characteristics
As synthesized previously, most of the reviewed studies were
in the field of clinical research. We assume this to be because
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of higher data quality and availability in clinical research, in
contrast to data from clinical care, where data are often stored
in legacy systems and are not necessarily standardized. A recent
survey on EHR visualizations confirmed this assumption; the
authors identified 3 challenges impeding the use of EHR data:
accessibility, data quality, and interoperability [2].

With respect to the abstracted MeSH terms for coding the
diseases, and leaving the generic category of “Pathological
Conditions, Signs and Symptoms” aside, we observed a rather
wide spread of diseases targeted in the visualization systems.
From a medical perspective, this seems to be unexpected, as
tumors and cardiovascular diseases are more common. However,
from an opportunistic perspective, in selected medical areas,
more data are often digitized and easily available, which might
result in higher use frequency in medical informatics studies.

This increasing availability of data from primary care facilities
enables secondary use in the field of clinical research. In the
reviewed studies, we identified the treatment outcome as the
major objective of analysis, stemming from both clinical
research and clinical care (RQ2). Overall, this emphasizes the
need to visually compare changes over time, distributions, and
correlations between individuals and their cohorts.

Visualizations
The visual analysis objective most supported in the reviewed
systems was to show changes over time. This observation
matched our expectations, as the review focused on temporal
patient data. Although many medical data have a temporal
component, not all visualizations in the medical field focus on
time. A scoping review on public health visualizations [12]
identified visually analyzing spatial patterns as the most
common objective (43.6%), with change over time coming in
a distant second, at 14.5%.

To visually investigate correlations, scatterplots and bubble
charts were identified as the most common. Here, we noticed
that some systems use scatterplots in a nontraditional manner,
as they plot a parameter over time on 1 axis [16,19,43].
Although time is a continuous scale and, thus, fits the definition
of scatterplots, a more common technique for showing a
continuous measure over time is a line chart. When the dots are
not sequentially ordered on 1 of the 2 axes but by the values of
a nontemporal measure, a connected scatterplot could be used.
Both the line chart and connected scatterplot were from the
change over time category. We can only assume that the choice
of scatterplots (or, perhaps more precisely, scattered dots over
time) was because of the design goal of having less cluttered
views by omitting the lines. This exemplifies how visualization
techniques typically not used for temporal data are used in such
ways.

Owing to the nature of single or individual patient data, simple
visualization techniques are being used, and the same applies
to multiple patients as well, up to a certain degree. In the case
of cohorts, which are most often represented as 1D data
(aggregated on value and or on time), the same applies and the
basic techniques are the most used.

The reported visualization techniques are part of the
visualization systems or prototypes of varying maturity levels.

Some more advanced and highly interactive systems with a
variety of views combined a multitude of techniques, whereas
others presented only 1 single and static visualization for 1
objective. We did not evaluate this characteristic and therefore
considered the maturity level (complexity of the system, variety
of use cases, and tasks) as an interesting parameter for future
work. Some articles were simple mock-ups (eg, showing a
prototype of a user interface). Other presented articles were
edge cases in the sense that the application of the visualization
system was primarily developed outside the health care domain,
and its application to patient data was shown as a potential use
case (eg, ChronoCorrelator showing a use case for analyzing
event threads on a server).

Comparison
We identified single patient, multiple patients, and cohort as
the entities to visually compare and collected visualization
techniques supporting the comparison of any of their
combinations. As the reduction of the original search results
allowing the comparison of different single patients to the results
and the comparison of a single patient to a cohort or multiples
was quite noticeable (from 57 to 22), we retained a subset of
the studies that would have been dropped at this stage. Thus,
these studies (Figure 2) were analyzed in the same manner as
the studies explicitly allowing the targeted task. Although these
studies might not have been specifically designed to allow the
comparison of a single patient with multiple patients or cohorts,
the used techniques themselves seemed to be capable of such
tasks with little modification. This shows that (1) the visual
comparison of a single patient with multiple other patients
(single-to-multiple and single-to-cohort) is relatively
underdeveloped in comparison with single-to-single or
cohort-to-cohort and (2) many existing visualizations
purpose-built for the comparison of cohorts among themselves
or of a single patient with another individual patient could be
adapted to further combinations as well.

By applying our taxonomy for detailed identification of the
comparison aspect, we introduced the differentiation between
single-to-single, single-to-multiple, single-to-cohort,
cohort-to-cohort, multiple-to-multiple, and multiple-to-cohort.
Although this differentiation may seem trivial with respect to
set theory, it reveals the not directly obvious disruption between
showing multiple individuals or a group to be considered the
opposing entity of the comparison (Figure 8).

When visualizing patients, we identified the difference between
multiple patients and a cohort not in the size of the group, but
in the fact that visualizing cohorts requires aggregation of the
data beforehand. As shown in our review, this typically goes
hand in hand with a different visual representation. For showing
a measurement over time, a way of representing the cohort is
by visualizing the central tendency (eg, mean) and spread (eg,
range) as different lines. An alternative would be to select fitting
temporal windows and visualize the spreads of the measurement
per time range as box plots.

In Figure 9, we show all possible combinations of visually
comparing measurements over time between different patient
entities. Figure 9 exemplifies this for line charts, whereas the
conceptual space of the different comparison combinations is
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agnostic to the used visualization technique. In addition, we
only show variations for juxtapositioned versus superpositioned
layouts, whereas a wide range of alternate options such as
interactions exist. Choosing the appropriate visualization, layout
position, and interaction is a major challenge in designing visual
analysis systems and requires human-centric development

approaches to match the visualizations with the tasks and
requirements of users. Overall, although this visual example
using line charts provides some initial hints into what might
work better than other combinations (eg, superpositioned
multiple-to-multiple comparisons seem to be visually overly
complex), it is an early exploration of a design space.

Figure 8. Schematic overview of the possible comparisons between different patient entities ranging from single patient to multiple patients and cohorts.
Multiple-to-cohort emphasizes the distinction between the visual representation of multiple patients versus an aggregated view of the cohort.

Figure 9. All possible combinations for comparing 1 measurement over time between different patient entities (single patient, multiple patients, and
cohorts) in the case of line charts. For single and multiple patients, each line represents 1 measurement, whereas, for cohorts, the chart represents the
mean and range. All combinations are shown in juxtapositioned and superpositioned layouts, with the colors supporting legibility in the latter.

Limitations
Although we did not restrict our search to journals and included
conference proceedings as these are one of the primary types
of publications in the computer science field, we found only a
small number of articles that matched all criteria. As the
importance of visual analytics in general and visual analytic
systems in particular continues to grow, we expected to include
more articles from recent years; however, only a few were
identified to match our criteria. As described earlier, we
iteratively refined our search terms in collaboration with an
experienced librarian, and therefore, we assume this to be
because of the particular combination of patient-to-cohort
comparisons and visualizations focusing on time-oriented data.
However, we are aware that we may have missed relevant
works; for example, systems that could be primarily cohort
visualization tools might also support some detailed highlighting
of individual patients without mentioning this explicitly or
discussing it in their written report.

We extracted and synthesized a wide set of relevant attributes
to summarize the major characteristics of the reviewed studies.
However, there is a range of further investigations that we found

to be outside the scope of this review. Although we took various
specifics of the data into account, we did not evaluate data
preparation or data transformation steps alone if they were not
an essential aspect of the used visualization technique (such as
showing high-dimensional data in a 2D display).

Studies on visual analysis systems usually gather feedback
through usability evaluations or demonstrate its applicability
through case studies. Although we did not synthesize such
attributes in our scoping review, we acknowledge the importance
of understanding user feedback to properly assess the usefulness
of visualization systems and emphasize the need for further
research in this regard.

In addition to the authors and publication year, we restricted
the metadata extraction to information about the publication
outlet. Analyzing this would allow us to explore the correlations
between the extracted attributes and the research area. For
instance, one could investigate whether visualization researchers
use more complex visualization techniques than researchers in
the medical field. This could not be covered in this review, and
we did not incorporate it into the analysis.
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Furthermore, we did not fully synthesize combinations of the
extracted attributes. For instance, it might be insightful to further
examine the kinds of interactions that are offered more
frequently for specific visualization techniques. The
investigation of this explicit combination could lead to a better
understanding of which selection techniques for 1 or multiple
patients with specific characteristics are appropriate for different
aggregated cohort visualizations. Although the articles were
analyzed to include visualization of task-specific actions and
targets, in this review, it could not be evaluated in further detail
whether specific action-target pairs appeared more or less
frequently. However, the analysis of these pairs could lead to
interesting RQs in the field of visualization research. Our
web-based companion tool at [55] provides the first basic
possibility of exploring combinations of extracted attributes
such as medical diseases and visualization techniques.

Conclusions
Visual analytic systems mitigate the complexity of time-oriented
patient data through data analysis and interactive visualizations
by facilitating attention to underlying and hidden patterns. In
this scoping review, we examined the available literature and
identified and clustered visualization techniques that specifically
supported the task of comparing time-oriented patient data
(RQ1). We collected and reported on the visual analysis
objectives and tasks with a specific focus on the range of options
to compare individual patients with multiple patients or with a

cohort (RQ2). Finally, we surveyed and presented the medical
characteristics, data type categories, and interaction techniques
of the reviewed visualization systems (RQ3).

As this work is a scoping review, we consider the identified
articles and the performed extraction steps as the first step for
conducting further research in the form of a more advanced
extraction. We found that a small set of publications specifically
contained single-to-multiple or single-to-cohort comparison
and provided visualizations to support this task. In most cases,
we also found that basic visualization techniques such as line
charts, event timelines, histograms, or scatterplots were used
efficiently. Time-oriented comparisons between a single patient
and multiple patients or a cohort are mostly used for laboratory
and vital sign parameters, followed by analysis and comparison
of procedures and diagnoses. We identified many potentially
interesting approaches and deemed many of these techniques
to be applicable for a comparison of single patients with multiple
patients and cohorts through small adaptations.

We anticipate that we have convincingly argued for the
usefulness of visually comparing individual patients with cohorts
and encourage researchers to further investigate visualization
and interaction techniques for such comparisons. Finally, our
review showed the need to systematically review further systems
and techniques to propose a proper design space for comparing
the temporal data of single, multiple, and cohort patients.
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Abstract

Background: Telemedicine is becoming routine in health care. Postpandemic, a universal return to face-to-face consultations
may risk a loss of some of the advantages of telemedicine. However, rapid implementation and adoption without robust evaluation
of usability, efficacy, and effectiveness could potentially lead to suboptimal health outcomes and downstream challenges to
providers.

Objective: This review assesses telemedicine interventions against international guidance and sufficiency of evidence to support
postpandemic utilization in pediatric settings.

Methods: This scoping review was performed following searches on PubMed, Embase, and CINAHL databases on April 15,
2021, and May 31, 2022, and examined studies focused on telemedicine, remote consultation, video call, or remote patient
monitoring in children (0-18 years) receiving outpatient care for diabetes, asthma, epilepsy, or renal disease. Exclusion criteria
included studies published before 2011 as the technologies used have likely been improved or replaced, studies in adult populations
or where it was not possible to disaggregate data for participants younger than 18 years as the focus of the review was on pediatric
care, and studies not published in English. Data were extracted by 4 authors, and the data were corroborated by a second reviewer.
Studies were examined for feasibility and usability, clinical and process outcomes, and cost-effectiveness.

Results: Of the 3158 studies identified, 56 were suitable for final inclusion and analysis. Data on feasibility or usability of
interventions (48 studies) were overwhelmingly positive in support of telemedicine interventions, with common themes including
convenience, perceived cost savings, and ease of use. However, use in preference to usual care was rarely explored. Clinical and
process outcome data (31 studies) were mostly positive. Across all studies, there was limited measurement of standardized clinical
outcomes, although these were more commonly reported in asthma (peak flow) and diabetes (glycated hemoglobin [HbA1c]).
Implementation science data generally supported cost-effectiveness of telemedicine with a reduction of health care costs.
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Conclusions: There is promising evidence supporting telemedicine in pediatric settings. However, there is a lack of evaluation
of telemedicine in comparison with usual outpatient care for noninferiority of clinical outcomes, and this review highlights the
need for a more standardized approach to evaluation of digital interventions.

(J Med Internet Res 2022;24(10):e38267)   doi:10.2196/38267

KEYWORDS

telemedicine; telehealth; eHealth; digital health; video consultation; remote consultation; paediatric; child; safeguarding; diabetes;
diabetic; asthma; epilepsy; epileptic; renal; kidney; evidence-based medicine; review

Introduction

Telemedicine is the practice of medicine using technology to
provide remote health assessment and therapeutic intervention
to a patient at a distant site. The spectrum is broad, from simple
telephone and video consultations, through wearable digital
monitoring, to complex experimental interventions with
surgeons guiding robotic instruments to deliver remote surgery.

The adoption of telemedicine consultations escalated rapidly
in response to the COVID-19 pandemic [1]. Aside from social
distancing, benefits of virtual consultations include potential
cost savings and support of sustainability.

Postpandemic, a universal return to face-to-face consultations
may risk the loss of some of the advantages of telemedicine.
However, rapid implementation and adoption without robust
evaluation of usability, efficacy, and effectiveness could
potentially lead to suboptimal health outcomes and downstream
challenges to providers.

Guidance documents have been published to assist health care
professionals to deliver telemedicine [2]. Reviews and
evaluations to date have typically focused on specific condition
groups and modalities, which does not reflect the variety often
encountered in general pediatric outpatient services.
Furthermore, there is significant variation in the quality and
modality of telemedicine intervention evaluations and potential
gaps in outcome measures [3]. A recent broader systematic
review of randomized controlled trials (RCTs) in pediatric
telemedicine [4] evaluated feasibility, accessibility, satisfaction,
and outcomes but did not assess the evaluation of the
telemedicine intervention.

Frameworks to benchmark and improve digital health
interventions have been developed, for example by the National
Institute for Health and Care Excellence (NICE) [5]. These are
often designed to evaluate mature interventions and facilitate
procurement decisions. In contrast, a World Health Organization
(WHO)–published guidance [6] on monitoring and evaluating
digital health interventions provides a more fluid framework
that can also be applied to novel interventions undergoing
iteration as well as more mature interventions being scaled up.

To this end, a group of clinicians with an interest in child health
(the Child Health in Practice Group, a voluntary network of
UK-based pediatricians) [7] highlighted the need to undertake
a high-level scoping review of telemedicine interventions in
pediatric outpatient care. The need to understand how children
and young people can be effectively supported by emerging
technologies was also an outcome finding of the Royal College
of Paediatrics and Children Health (RCPCH) 'Paediatrics 2040'
project [8]. This review aimed to assess if telemedicine
interventions are being evaluated in line with international WHO
guidance as well as if there is sufficient evidence to support
postpandemic utilization of telemedicine in pediatric settings.

Methods

Study Rationale
The review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-SR) statement [9].

At initial study conception, 4 common conditions were examined
with the aim to inform clinicians on the suitability of virtual
care solutions in outpatient pediatric services. Diabetes was
selected for readily measurable biomarkers that can track both
long- and short-term disease control (eg, glycated hemoglobin
[HbA1c] and blood glucose concentrations), asthma was selected
because its biomarkers (eg, peak flow) predominantly reflect
short-term disease control, epilepsy is a common condition
without a clearly trackable biomarker, and nephrology [10] is
an example of a less common patient population whose care is
delivered in fewer specialist centers that cover large
geographical areas. Initially intended as 4 separate reviews,
early in this process, it became apparent that the similarity in
methodologies, the number of resulting studies, and the
telemedicine modalities in these studies meant that it was more
practicable to report findings collectively.

Eligibility Criteria
Studies were selected on the basis of the inclusion and exclusion
criteria in Textbox 1.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e38267 | p.165https://www.jmir.org/2022/10/e38267
(page number not for citation purposes)

Southgate et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/38267
http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Inclusion and exclusion criteria, with rationale, of the studies.

Include:

• Children (0-18 years) receiving outpatient care for any of the following: diabetes, asthma, epilepsy, or renal disease

• Interventions: telemedicine, remote consultation, video call, remote patient monitoring (collecting patient data outside of traditional health care
settings to support ongoing patient care)

• Studies comparing interventions with usual outpatient care (including control arms, historic comparisons, or based on user with or without
clinician perceptions)

• Studies published between 2011 and the present day

• Studies published in the English language

• Studies that are primary research studies

Exclude:

• Adults (>18 years) or where not possible to disaggregate data for participants younger than 18 years

• Outcome data pertaining to conditions other than diabetes, asthma, epilepsy, or renal disease

• Interventions not intended to replace current outpatient medical health care services:

• Education

• Behavioral interventions (eg, cognitive behavioral therapy)

• Family therapies (where not intended to replace current outpatient health care services)

• Remote patient monitoring not directly related to outpatient care:

• Support telemetry of electroencephalogram (EEG), electrocardiogram (ECG), or other continuous data from inpatients or transport patients

• Teleconferencing between health care professionals (eg, tertiary center reviews or multidisciplinary team meetings)

• Studies not published in the English language

• Studies that are conference abstracts, letters, study protocols, systematic reviews, or review articles.

Information Sources and Search Strategy
PubMed, Embase, and CINAHL databases were searched using
the search strategies presented in Table S1 in Multimedia
Appendix 1 on April 15, 2021, and repeated on May 31, 2022.

Selection Process
The Rayyan [11] web-based tool was used to assist the selection
process, initially by identification of duplicates, which required
acceptance or rejection by a reviewer. After removal of
duplicates, all records were initially screened by title and
abstract, performed independently by 2 reviewers assigned to
each record. Decisions were unblinded after completion. Where
decisions conflicted, this was resolved by discussion or a third
reviewer if agreement could not be reached.

Data Collection Process
Data were initially extracted into synthesis tables for each
disease group and corroborated by a second reviewer. To ensure
good inter-reviewer consistency, a blinded calibration exercise
was performed.

Data Items (Outcomes)
For all studies, the following data fields were extracted into the
synthesis table:

• Title, author, date of publication, URL, and DOI
• Study design, number of participants, study population, and

location of study

• The telemedicine intervention under evaluation and its
maturity

• Evidence of impact on pediatric care in 3 domains:
• Usability and feasibility of telemedicine in pediatric

settings
• Efficacy and effectiveness as evidenced by process and

clinical outcomes [12]
• Implementation science issues

• Confidence in the strength of the evidence in each of these
domains

Studies were analyzed for maturity of intervention, risk of bias,
and outcomes reported. The WHO guidance [6] was used to
determine the maturity of the telemedicine intervention, in turn
defining the appropriate focus of evaluation as well as
appropriate claims regarding the anticipated benefits of the
intervention. Intervention maturity was defined by the size of
deployment, intervention setting (controlled/uncontrolled), and
what previous testing of the intervention has taken place. Data
categories related to the impact on pediatric care were also based
on the stages of evaluation outlined in the WHO guidance [6].

Due to the variety of study designs anticipated, formal quality
assessment tools (eg, Critical Appraisal Skills Programme or
National Institutes of Health National Heart, Lung, and Blood
Institute tools) were not used. Instead, the hierarchy of evidence
outlined in the WHO guidance [6] was used as a high-level
indication of the confidence in the strength of the evaluations’
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evidence, categorized as poor, fair, good, or excellent based on
the overarching study methodology. This framework was chosen
as it enables high-level assessments of evidence across different
study designs and meaningful comparison of interventions of
different maturities.

The blinded calibration exercise identified that proportions of
agreement for both intervention maturity assessment and
strength of evidence were 100% for all extractors.

Study outcome measures and findings were reviewed, collated,
and synthesized in tabular form. Studies were examined for
reported outcomes (feasibility and usability, clinical and process
outcomes, and implementation science issues), and coded as
either positive, negative, or equivocal.

Results

Following a priori exclusions (Figure 1), a total of 56 published
studies relating to telemedicine in pediatric services were
included.

Figure 1. A series of 4 CONSORT diagrams reporting identified articles and reasons for exclusion; a total of 56 articles was suitable for final inclusion
and analysis.

Description of Studies
A total of 11 studies were RCTs, of which 3 were multisite, the
highest level in the WHO hierarchy of evidence [6]. Other study
designs were quasiexperimental studies (9 studies), cohort
studies (11 studies), case control studies (4 studies),
cross-sectional studies (19 studies), observational studies (1
study), and quality improvement project (1 study).

Of these studies, 49 were quantitative in nature, 3 studies utilized
mixed methods, and 4 studies were qualitative.

Interventions and Stage of Maturity
The scale and maturity of the telemedicine deployments varied
from prototypes undergoing user testing all the way to
large-scale deployments covering multiple sites. Using the WHO
6-stage intervention maturity life cycle [6], the interventions
across the primary papers were categorized as prototype or
pre-prototype (9 studies), pilot (usually a single deployment in

controlled circumstances; 42 studies), demonstration
(moderate-scale implementation no longer in controlled settings;
3 studies), and scale-up (intervention that is ready for
implementation at subnational or higher level; 2 studies).

A range of telemedicine modalities were utilized, with 46 studies
examining a single modality, namely videoconferencing or
video calls (22 studies); telephone (4 studies); instant messaging,
chatbot, or SMS (3 studies); and remote patient monitoring
(RPM; 17 studies). In 6 studies, the RPM platform was hosted
on a smartphone application. The remaining 10 studies examined
a combination of 2 or more of the modalities.

Main outcomes were feasibility or usability, clinical or process
outcomes, and implementation science issues. Figure 2
summarizes the data that were reported and overall findings.
Clinical or process outcomes are included only where
comparison was made and not if simply reporting the number
of events, for example.
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Figure 2. Summary of findings for main evaluation domains, classified as "Not reported," "Positive," "Neutral," or "Negative" [13-68].

Feasibility and Usability of Telemedicine
Data on feasibility or usability of the telemedicine intervention
were reported in 45 studies. All but 1 of the studies not reporting
these data looked at a pilot stage intervention, with the remaining

study [20] examining a scale-up stage intervention. Technical
difficulties were reported in 20 studies, but not all positively or
negatively testified to this. A breakdown of the confidence in
the strength of the evidence in this evaluation domain across
the studies is outlined in Table 1.
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Table 1. Summary of confidence in the strength of the evidence of usability or feasibility of telemedicine interventions across each condition group in
45 studies.

TotalAsthmaDiabetesNephrologyEpilepsyVariables

Confidence in the strength of the evidence, number of studies

11000Excellent

24111003Good

203566Fair

00000Poor

45/56 (80)15/19 (79)15/21 (71)6/7 (86)9/9 (100)Number of studies within condition group reporting these data, n (%)

In the results, there were common positive themes identified
from health care professionals, patients, and families in support
of the telemedicine interventions, including convenience,
perceived cost savings, and ease of use. Interventions were
generally well-accepted and would be recommended to others.
Use in preference to usual care was explored in 4 studies. In 1
study [63], families reported use of telehealth beyond the
coronavirus pandemic was not wanted, and in 3 studies
[50,64,68], parents emphasized it was wanted to supplement
but not substitute in-person clinics.

There were 16 studies (16/56, 29%) that had requirements for
participants to have specific owned mobile devices or internet
access or excluded participants for whom technical issues meant
consultation could not proceed. Damgaard and Young [35]
presented a statistically significant improvement in parental
satisfaction following intervention; however, broadband
bandwidth was insufficient for many schools with the
intervention, necessitating installation of separate internet
connections.

For smartphone-based RPM, this evaluation domain was
conducted in 4 of 6 studies. In 1 study [21], 96% of pharmacists
were satisfied with the intervention, and although 77% of
patients felt it was easy to use and 78% would recommend to
others, 19% reported technical issues as a reason to not use the
intervention. In 3 other studies, patient satisfaction was reported,
but health care professionals’ satisfaction was not. In 1 pilot
study [25], children were satisfied (63%) or very satisfied (32%)
with their experience with the app, similarly rated by parents.
The interventions by Mikalsen et al [24] had a median score of
18/20 for functionality and overall assessment, while mean

System Usability Scale scores in the study by Mayoral et al [31]
were 92.9 (0: negative; 100: positive).

The majority of evidence against the use of telemedicine came
from studies in asthma services, although this is in the context
of otherwise very positive evidence, including from 1 study
[13] with excellent confidence in the strength of the evidence.
Prototype interventions were examined in 2 studies [14,15],
with issues related to the usability of the non-smartphone–based
remote monitoring system. A third study [19] looking at scale-up
of a non-smartphone–based remote monitoring system found
that 4 of 14 sites were unable to successfully implement the
intervention, although in only 1 case was a reason (insufficient
staff) provided. Finally, a pilot study [28] of telephone
consultations for asthma found that only 40% of respondents
wished to continue with the modality beyond the pandemic.

Telemedicine Impact on Processes and Clinical
Outcomes
Clinical and process outcome data were collected in 31 studies:
23 pilot studies, 4 prototype studies, 2 scale-up studies, and 2
demonstration studies. Of those not reporting outcome data, 19
were pilot studies, 5 were prototype studies, and 1 was a
demonstration.

For the studies that collected and reported outcomes data, a
breakdown of the confidence in the strength of this evidence is
outlined in Table 2.

Outcome data, when provided, were mostly, but not universally,
positive. Process measures were more frequently provided than
clinical outcomes. Almost all the studies with good or excellent
confidence in the strength of the evidence looked at asthma or
diabetes.

Table 2. Summary of confidence in the strength of the evidence of clinical or process outcomes of telemedicine interventions across each condition
group in 30 studies.

TotalAsthmaDiabetesNephrologyEpilepsyVariables

Confidence in the strength of the evidence, number of studies

32100Excellent

189801Good

50104Fair

42200Poor

30/56 (54)13/19 (68)12/21 (57)0/7 (0)5/9 (56)Number of studies within condition group reporting these data, n (%)
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A summary of the outcomes, appraisal, and quality of evidence
of each of the 56 studies is presented in Table S2 in Multimedia
Appendix 1 [13-68]. Across all subgroups, the telemedicine
intervention was acceptable or feasible to the patient, their
family, or the health care professionals; however, not all studies
reported the view of all parties. Telemedicine interventions were
considered beneficial, and for diabetes and asthma particularly,
perceived benefits included improved understanding and
management of the child’s condition, with some studies
reporting measures of quality of life. Across all studies, there
was limited measurement of standardized clinical outcomes,
although these were more commonly reported in asthma (peak
flow) and diabetes (HbA1c). Many studies reported interventions
adopted as a consequence of the COVID-19 pandemic, and
although generally well-accepted in their own right, acceptability
in comparison or instead of usual care was not always explored.
The study by Gandrud et al [40] was the only study in which

clinical outcome data were compared with standard care. Their
intervention demonstrated improvement in HbA1c and
health-related quality of life in the intervention group, but this
was not statistically significant.

One limiting factor common across all groups was exclusions
of participants based on lack of access to the internet or an
appropriate device.

Confidence in the Strength of the Evidence of Studies
As outlined in Figure 3, 10 studies reported outcome data
without examining feasibility or usability, while 23 studies only
reported feasibility or usability data. The majority (21/22, 96%)
of studies that reported both variables had fair or good
confidence in the strength of findings. A solitary study [13] was
assessed as having the highest confidence (excellent) for both
evidence of feasibility or usability and evidence on outcomes.

Figure 3. Bubble plot depicting the quality of data (per World Health Organization guidance [6]) of studies reporting feasibility and/or usability and
outcomes. The size of the bubbles corresponds to the size of the study cohort, and the color indicates the disease category: green: diabetes; blue: asthma;
pink: epilepsy; yellow: nephrology.

Implementation Science Issues of Telemedicine
The most common implementation science factor examined
was cost-effectiveness, reported in 5 studies (5/56, 9%; details
in Table S2 in Multimedia Appendix 1).

One study [53] examining epilepsy services focused on a
demonstration of a telephone consultation intervention that
identified a saving of 865 INR (approximately US $11.25 per
patient). A study in the pilot phase [62] that utilized multiple
telemedicine interventions in nephrology patients, identified
cost savings, estimated to be US $505 per consultation, mostly
associated with reducing travel and accommodation
requirements. Finally, a pilot study [23] of a smartphone-based
RPM intervention for asthma care found a statistically
significant decrease in medical expenses from 1179 RMB to
931 RMB (approximately US $145) per patient. A
quasirandomized multicenter study found direct
diabetes-associated 6-month costs to be €4702 in the
intervention group, compared with €4936 in the control group
[51]. Another pilot study [61] found a statistically significant

difference (P<.001) in out-of-pocket expenses for telehealth,
US $35, compared with US $176 for an in-person visit.

When compared with usual clinics, Gali et al [61] found that,
with telehealth, missed school hours were reduced by 49%,
missed work hours were reduced by 48%, and mileage was 32
miles compared with 49 miles for in-patient visits (all P<.001).
Significant time savings were also identified when using
videoconferencing for diabetes [45] and reported (but not
quantified) by 98% of respondents using non-smartphone–based
remote monitoring for epilepsy [57]. The final implementation
science issue identified was in non-smartphone remote
monitoring for asthma, for which lack of structural financial
reimbursement was identified as the main barrier [19].

Discussion

Principal Findings
This review examined the existing literature regarding pediatric
telemedicine interventions in asthma, diabetes, epilepsy, and
nephrology. These conditions cover a mixture of common and
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rare diseases, with and without availability of biomarkers
including short- and long-term control. Reported clinical
outcomes were heterogeneous, making pooling of results
impossible. A wide variety of outcome and process measures
was used, with no clear standardization, even within condition
groups. This also made cost-effectiveness analysis challenging.
Although several studies did report cost-effectiveness, this was
usually heavily caveated and thus not conducive to supporting
larger commissioning or service redesign decisions.

With regards to how digital interventions are used and perceived,
the majority of identified studies examined the evidence on
usability and feasibility of the telemedicine intervention.
Satisfaction levels among clinicians and patients were high,
with users open to and often enthusiastic for future use of
telemedicine. The confidence in the strength of these findings
was most typically fair or good. In no study were there observed
disagreements between the sentiment of professionals and those
of patients and families. Further research should build on this
evidence base, and we recommend that research and evaluation
frameworks encourage the standardized collection of usability
and acceptability data, particularly in prototype, pilot, and
demonstration stage interventions.

Where problems with the usability and feasibility of
telemedicine were identified, this was primarily due to technical
issues with video conferencing as well as non-smartphone–based
RPM. In one instance [19], wider implementation issues (eg,
lack of staff) prevented successful scale-up of an asthma
non-smartphone–based RPM intervention in 4 of 14 sites and
identifies lack of structural financial reimbursement of
web-based monitoring as a significant obstacle in diffusion of
eHealth innovation. Such challenges of large-scale digital
implementation are well known, with national reports suggesting
that the process can take several years to fully iterate [69]. In
contrast, smartphone-based RPM had particularly positive
evidence, with clinician and patient satisfaction levels over 90%
and good confidence in the strength of the evidence in one-half
of these studies.

With regards to the impact of digital interventions, the majority
of literature found that outcomes improved or were equivocal
to traditional care. Where there was evidence of negative impact
on clinical outcomes, this was not statistically significant. The
strength in the confidence in clinical outcome evidence varied
across the literature. There was poor evidence in nephrology.
In contrast, in diabetes and asthma, conditions with established
biomarkers that can objectively monitor disease progression,
there were several studies with excellent confidence in the
evidence. Unfortunately, this was not always coupled with good
quality evidence on the perception and use of the intervention.
Only 18 studies reported good or excellent confidence in the
evidence for both how the studied intervention was received
and its impact.

The potential long-term benefits of telemedicine include
decreased travel (time and expense) for families, reduced
exposure to nosocomial infection for vulnerable patients, and
reductions in the carbon footprint of health care [70]. The
COVID-19 pandemic has seen the rapid implementation of
telemedicine interventions with many of these benefits realized

over the past 2 years [1]. Improvements in digital
implementation could represent a boon for its wider adoption,
but caution should prompt the collection of meaningful data to
ensure these are noninferior to traditional modalities of care.

Among the potential limitations are a lack of physical
examination and the resulting impact on clinical
decision-making, privacy concerns, and the impact of digital
exclusion [63]. However, reassuring outcome data and user
satisfaction, in line with WHO guidance [6], can provide
assurance in these regards. One important reflection is the lack
of child protection or safeguarding literature in the area [3].

Evidence From Previous Literature
The search protocols identified 5 previous reviews [71-75]
focused on telemedicine in diabetes and not included in the final
synthesis. These papers examined a variety of modalities
including video consultations, telephone consultations, text
services, and RPM, all in the pilot stage. Of these reviews, 4
[71,73-75] identified data on feasibility and usability, with
findings consistent with this synthesis. With the exception of a
small number of technical problems with 1 intervention’s GPRS
wireless system [71], findings were universally positive.
Identified benefits included improved access to care, increased
parental satisfaction, and perceived time savings.

Four reviews identified outcome data [71-74], 2 of which
reported statistically significant improvements in HbA1c and
emergency department visits [72,74]. Two reviews noted that
telephone, SMS services, and non-smartphone–based RPM
[71,73] had no impact on HbA1c. One of these reviews [71]
identified that telephone and SMS services may improve patient
engagement and self-efficacy.

Recommendations
The review identifies an urgent need for a more standardized
approach to evaluation of digital interventions. There is a lack
of literature examining this area despite the increasing adoption
of such virtual consultations. Much of the literature does not
include meaningful data on usability and feasibility of the
intervention recommended by the WHO guidance [6] and
particularly important for early, pilot-stage interventions.

Although usability is an important measure, it is also important
to evaluate changes in health care practices for noninferiority
for clinical outcomes. Evaluations should be designed to review
meaningful clinical outcomes, for example, in pediatric
nephrology, the rate of progression of renal impairment and
transplant survival. Proxy measures for these could also include
proteinuria and medication concordance. Standardization,
perhaps through an agreed outcome set, would enable
interventions to be compared and results pooled. Professional
organizations such as the RCPCH can lead this to produce
evaluation frameworks, facilitating scientific rigor among
suppliers to undertake high-quality evaluations.

For clinicians interested in digital implementation, the early
findings across these studies are promising, particularly in
smartphone-based RPM and video consultation. Clinicians who
are implementing or piloting digital interventions should focus
on building robust evaluation strategies, in line with established
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guidance. Additions to the evidence base should focus on
promoting higher-quality studies, ideally RCT or other
experimental study designs.

High-quality evaluation can be promoted through restructuring
innovation funds, which should reward comprehensive
evaluation strategies aligned with international guidance and
which should ideally set aside a portion of funding to be used
exclusively for evaluation.

Limitations
Although the review is a starting point for further evaluation
and research, a number of limitations should be acknowledged.
The focus on 4 disease groups, a pragmatic amalgamation of
initially parallel reviews, provides breadth but is not complete.
The review is also at high risk of publication bias. Although we
found several examples of prototype interventions with mixed
results, other interventions that may have had unfavorable results
may have been excluded from publication. A common theme
in studies was the potential exclusion of participants who did
not have access to appropriate technology, and this may have
implications of health inequalities in this space.

The WHO framework [6] offers a high-level assessment of
digital health interventions, enabling comparison between
different study designs. However, it does not differentiate
between the quality of similar designs. For example, a poorly
designed multisite RCT may offer less compelling evidence
than a well-designed longitudinal study, which would not be
reflected in our chosen approach. Nonetheless, the framework
is well-suited to assess interventions of varying maturity and
enables some comparison between different study designs.

Conclusion
Current evidence indicates that, across a range of modalities,
including telephone or video calls, text messaging, and more
comprehensive RPM systems, telemedicine is viewed as an
acceptable tool to deliver pediatric outpatient care. Although
promising, existing results should be taken with consideration
of the data’s limitations. When telemedicine interventions are
to be implemented, appropriate gathering of data is needed to
secure an evidence base that interventions are safe and not
associated with inferior clinical outcomes. Outcome measures
should include child safety and clinical outcomes to ensure
noninferiority to traditional face-to-face consultation.
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Abstract

Background: With no current cure for mild cognitive impairment (MCI), delaying its progression could significantly reduce
the disease burden and improve the quality of life for patients with MCI. Computerized cognitive training (CCT) has recently
become a potential instrument for improvement of cognition. However, the evidence for its effectiveness remains limited.

Objective: This systematic review aims to (1) analyze the efficacy of CCT on cognitive impairment or cognitive decline in
patients with MCI and (2) analyze the relationship between the characteristics of CCT interventions and cognition-related health
outcomes.

Methods: A systematic search was performed using MEDLINE, Cochrane, Embase, Web of Science, and Google Scholar. Full
texts of randomized controlled trials of CCT interventions in adults with MCI and published in English language journals between
2010 and 2021 were included. Overall global cognitive function and domain-specific cognition were pooled using a random-effects
model. Sensitivity analyses were performed to determine the reasons for heterogeneity and to test the robustness of the results.
Subgroup analyses were performed to identify the relationship between the characteristics of CCT interventions and cognition-related
effectiveness.

Results: A total of 18 studies with 1059 participants were included in this review. According to the meta-analysis, CCT
intervention provided a significant but small increase in global cognitive function compared to that in the global cognitive function

of the control groups (standardized mean difference=0.54, 95% CI 0.35-0.73; I2=38%). CCT intervention also resulted in a
marginal improvement in domain-specific cognition compared to that in the control groups, with moderate heterogeneity. Subgroup
analyses showed consistent improvement in global cognitive behavior in the CCT intervention groups.

Conclusions: This systematic review suggests that CCT interventions could improve global cognitive function in patients with
MCI. Considering the relatively small sample size and the short treatment duration in all the included studies, more comprehensive
trials are needed to quantify both the impact of CCT on cognitive decline, especially in the longer term, and to establish whether
CCT should be recommended for use in clinical practice.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42021278884;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=278884

(J Med Internet Res 2022;24(10):e38624)   doi:10.2196/38624
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Introduction

Mild Cognitive Impairment
The older adult population is increasing worldwide. In 2017,
962 million people or 13% of the global population were over
60 years of age, and this figure is predicted to rise to 1.4 billion
by 2030 [1]. This raises concerns about the growing global
burden of degenerative disorders, especially dementia. The
development of interventions to prevent, delay, and treat
dementia is now recognized as a matter of urgency [2]. Mild
cognitive impairment (MCI) is recognized as an intermediary
phase between the cognitive changes of normal aging and the
onset of dementia, suggesting that it may represent an opportune
time to prevent or delay the onset of dementia. Petersen et al
[3] reported that globally, an estimated 14.9% of people with
MCI aged over 60 years progressed to dementia in the following
2 years and one-third of people living with MCI develop
dementia within 5 years [4]. The prevalence of MCI is estimated
to be around 16% in adults aged over 60 years, with the risk
increasing with age [2]. The diagnostic criteria for MCI include
a change in cognition, abnormal cognitive function in one or
more domains, but without notable interference in everyday
functioning [5].

Currently, there is no specific diagnostic test for MCI. However,
global cognitive function is measured most commonly using
the Mini-Mental State Examination and the Montreal Cognitive
Assessment [6]. Measures such as executive function, working
memory, episodic memory, and quality of life are also
commonly used. In this context, executive function is the most
complex cognitive process necessary for goal-directed behavior
[7]. Working memory is a limited capacity system that briefly
stores and manages the information required in other cognitive
operations [8]. Episodic memory is a past-oriented memory
system that encodes, stores, and searches personally experienced
events [9].

Existing Interventions for MCI
The increasing prevalence of MCI and the risk of progression
to dementia raises questions about interventions that delay or
prevent this process [10]. Interventions for MCI can be divided
into pharmacological interventions and nonpharmacological
interventions. Currently, there are no specific pharmacological
interventions for the treatment of MCI. In the United Kingdom,
the 2 drugs used for Alzheimer disease, cholinesterase inhibitors
and Memantine, have not been shown to help people with MCI
[11]. The US Food and Drug Administration has given the drug
Aducanumab accelerated approval as a treatment for Alzheimer
disease and MCI. However, there is no evidence for the drug’s
effectiveness data in the treatment of MCI [12]. Most nondrug
interventions for MCI address the underlying modifiable causes
of MCI, including lifestyle and the treatment of health conditions
such as hypertension, obesity, diabetes, stroke, and vitamin
deficiency [13]. However, there is no evidence for the
effectiveness of dietary changes, including Vitamin E
supplements, for delaying MCI [14]. Physical exercise programs
have been shown to reduce a person’s risk of MCI development
[15]. However, the effectiveness of increased physical activity
in delaying or delaying the progress of cognitive disorders

remains unclear [16]. Other nondrug interventions for MCI
include memory training, staying mentally and socially active,
and cognitive training [17]. The quality of interventions
involving social activities for alleviating MCI remains
controversial across existing studies [18,19].

Noncomputerized and Computerized Cognitive
Training
With insufficient evidence to support the use of pharmacological
and nonpharmacological interventions as described above,
cognitive training has been proposed as an intervention to
improve cognitive function. This involves repeated activities
based on the theory of brain plasticity [20]. With advances in
computing technology, traditional cognitive training based on
pen and paper has gradually been replaced by computerized
cognitive training (CCT) in settings where there is good access
to appropriate technology among target groups. CCT is an
application of digital health in which individuals can access
engaging and interactive cognitive exercises from their own
computers, tablets, virtual reality (VR), or mobile devices [21].
CCT involves guided drill-and-practice on standardized tasks,
typically without explicit teaching of memory or
problem-solving strategies, which distinguish CCT from other
approaches for cognitive training [22]. Compared with non-CCT,
CCT is more accessible, comprehensive, and flexible to
adaptation to individuals’ capacity. The game-like nature is
often experienced as intrinsically rewarding [23]. In addition,
CCT has generated considerable attention as a safe, relatively
inexpensive, and scalable intervention that may maintain
cognition in older adults [24]. Further, with enjoyable activities,
immediate feedback, and automatic adaptations based on
participants’ performance, CCT is thought to increase
participants’ motivation and adherence [25].

Existing Studies and Research Gap
Since 2010, a rapidly increasing number of studies started to
evaluate the effectiveness of CCT programs specifically
targeting certain cognitive domains such as memory [26],
executive function, and processing speed [27]. Among them,
working memory has garnered particular attention in recent
years. A recent systematic review of the effectiveness of CCT
has found moderate effect sizes on cognition in healthy older
adults [28]. However, the effectiveness of CCT in addressing
cognitive decline in people with MCI remains inconclusive.
Most of the existing reviews, which synthesized evidences from
randomized controlled trials (RCTs) of CCT on participants
with MCI, revealed small-to-moderate effects on improving
cognitive function [29-32]. Three reviews combined CCT and
non-CCT therapies (such as therapeutic drugs, diet modification,
and physical activity), providing conclusions about the specific
effectiveness of CCT [29,31,32]. A recent Cochrane review
included only interventions that lasted more than 12 weeks [33],
but that review found only 8 studies with small sample sizes;
therefore, conclusions about intervention effectiveness could
not be drawn. Considering the rapid development and increasing
accessibility of CCT in the last decade, updating the latest
evidence about CCT is necessary to inform clinical practice.
Therefore, we conducted this review to determine whether CCT
is an effective intervention for addressing cognitive decline in
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people with MCI. The objectives of this review were to (1)
analyze the effectiveness of CCT on preventing progression in
cognitive decline and (2) explore the relationship between the
characteristics of CCT interventions and cognition-related health
outcomes.

Methods

Data Sources and Search Strategy
This systematic review and meta-analysis were performed
according to PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement and was registered with
PROSPERO (Prospective Register of Systematic Reviews;
CRD42021278884). Five web-based databases, that is,
MEDLINE, Cochrane, Embase, Web of Science, and Google
Scholar were searched and updated in August 2021. The
literature search used a combination of search terms and
keywords for the following main concepts: “cognitive decline,”
“mild cognitive impairment,” “cognitive training,” “cognitive
exercise,” “computerized cognitive training,” “virtual reality,”
and “technology.” All keywords were concatenated using
Boolean operators and appropriate truncation symbols depending
on database requirements. The detailed search strategy is shown
in Multimedia Appendix 1 [25,34-50]. Snowballing methods
identified potential papers by screening reference lists from
relevant reviews.

Eligibility Criteria
The inclusion and exclusion criteria were identified based on
the PICO (Population, Intervention, Comparison, and Outcomes)
approach as follows.

1. Study design: only full-text peer-reviewed RCTs published
in English between 2010 and 2021 were included. Pilot
studies and studies with abstract only were removed.

2. Population: The population of interest was adults aged 18
years or older who had MCI. Studies including healthy
people or those already diagnosed with dementia or with
other neurological and psychological disorders were
excluded.

3. Intervention: Participants in the experimental groups were
treated with CCT only. Studies in which CCT was used
along with other therapies or drugs aiming to improve
participants’ cognitive functions were removed. The
programs used computers, consoles, and VR.

4. Control: Either active control (such as watching general
education material and any non–CCT-based training) or
usual care (without any intervention applied or waiting list)
was included.

5. Outcomes: These included (1) participants’global cognitive
function; (2) specific cognitive function, including executive
function, working memory, and episodic memory; and (3)
new cases of dementia.

Study Selection and Data Extraction
Two reviewers (RL and RY) independently conducted the initial
search of the databases by looking through titles and abstracts.
Then, the full text of the included studies was reviewed against
the eligibility criteria. The snowballing method was used for
the reference lists of the relevant papers. Study citations were

imported into the reference management software (Endnote
X8.0, Clarivate Analytics) for selection. Any disagreement was
resolved by discussing with an additional reviewer.

Three authors extracted the following data: (1) study
characteristics (author, year of publication, study location), (2)
information of participants (study population, number of
patients, gender, age), (3) details about activities in intervention
and control group (duration of intervention, frequency of
intervention, time per session, delivery device, feedback
providing mechanism, interactive patterns, and activities), (4)
relevant cognitive function outcomes, including global and
specific cognitive function, and (5) when outcomes were
measured at multiple time points, measures immediately after
the completion of the intervention were extracted. All data were
checked by an independent researcher (RL).

Data Synthesis and Analysis
The primary outcome of this review was participants’ global
cognitive function, which assessed individuals’general cognitive
status. Secondary outcomes were domain-specific cognitive
function, including executive function associated with
goal-directed behavior [7]; working memory regarding
attentional and short-term memory [8]; episodic memory or
long-term memory that encodes, stores, and searches personally
experienced events [9]; visual memory; and verbal memory.
The R software (R Core Team and the R Foundation for
Statistical Computing; version 4.1.2) was used to analyze the
quantitative data, and a two-tailed P value of less than .05 was
defined as statistically significant. As all the outcomes of
effectiveness of CCT were continuous variables, standardized
mean differences (SMDs) estimated by Hedge’s g method and
their corresponding 95% CIs were used to determine the effect
size based on the differences between preintervention and
postintervention. For studies with multiple interventions, we
calculated the effect size separately for each comparison. Due
to the possibility of between-study heterogeneity, the
random-effects model was used in the meta-analysis with the
pooling method of DerSimonian-Laird. Heterogeneity was

evaluated by χ2 (Cochrane Q), I2, and Tau2 statistics and
displayed in forest plots. To quantify the magnitude of

heterogeneity, we defined a value of I2 more than 50% as
moderate-to-high heterogeneity. Funnel plots were applied to
assess publication bias if more than 10 papers were available
for an outcome in the meta-analysis. Besides visual inspection,
Egger and Begg tests were conducted to adjust the potential
effect of publication bias on the interpretation of the results
[51]. Furthermore, to test the robustness of the results, sensitivity
analyses were conducted using the leave-one-out method. To
explore the effects of different characteristics of patients and
CCT interventions on the impact of measured effectiveness of
global cognitive function, we conducted prespecified subgroup
analyses by testing 1 variable at a time. Intervention
characteristics included year of publication, delivery devices
(computer/tablet or other technology), CCT-targeted domains
(multiple or single), feedback provided after treatment or not,
interactive patterns (interventions with a patient-provider
discussion after treatment), intervention settings (intervention
carried out in a group or an individual), and training dose with
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cutoff chosen at mean values, including duration (less than 3
months or not), frequency (less than 3 days per week), and time
per intervention session (less than 1 hour). Comparator
characteristics were defined as whether patterns of activities
were actively controlled or passively controlled.

Assessment of Risk of Bias
To adequately assess the risk of bias (ROB) in the included
studies in this review, the Cochrane ROB tool was used (version
5.4). All information about the features of the process of
randomization, allocation concealment, blinding of participants,
blinding of outcome assessors, incomplete outcome, and
selective reporting were assessed. In addition, the risk of funding
bias and baseline imbalance were considered. The ROBs in this
review were classified as “high ROB,” “low ROB,” or “unclear
ROB.”

Results

Search Results
As shown in Figure 1, the initial search found 4936 studies after
excluding 1697 duplicated records. A further 4812 records were
excluded after screening the titles and abstracts of the remaining
records. A total of 124 full‐text records were assessed for
eligibility and 110 records were further excluded. Of these, 7
studies were English abstracts only, 49 studies had invalid
interventions (such as the treatment was not CCT or the control
group received other interventions with treatment effects), 19
studies reported outcomes irrelevant to the aims of this review
(such as safety, acceptance, and feasibility of CCT), 23 studies
had irrelevant populations (such as healthy older people and
people with dementia), and the study designs of 12 studies were
not RCTs. An additional 4 studies were identified from
references of relevant reviews. After the above selection process,
18 studies were included in this review.

Figure 1. Flow diagram of study selection. RCT: randomized controlled trial.

Study Characteristics
The characteristics of the participants and trials in the included
studies are shown in Table 1. A total of 18 different RCTs with
1059 participants were published between January 2010 and

August 2021, 8 of which were published since 2019. Sample
sizes ranged from 22 to 141, and the mean age of the participants
ranged from 58.8 years to 78.2 years. All studies were conducted
in high-and-middle-income countries.
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Table 1. Study characteristics.

Control groupIntervention characteristicsMean (SD) age (years)NaStudy

Active: combined physical and cognitive

training but not CCTc-based (reciting
poems, crossing obstacles practicing
math calculations, etc)

VRb: physical activity + cognitive train-
ing

73.1 (6.8)21/21Liao et al [34], 2020

Active: educational program on general
health care

VR: physical activity + cognitive training72.6 (5.4)33/33Thapa et al [35], 2020

Passive: did not engage in any activityVR: physical activity designed to im-
prove spatial memory

71.9 (3.1)28/28Park [44], 2020

Active: tabletop activities, maze and
pencil-paper with table activities

VR: spatial cognitive task75.8 (8.5)18/17Park et al [25], 2020

Passive: not provided with cognitive in-
tervention

Computer: cognitive training69.5 (7.3)78/63Li et al [43], 2019

Passive: standard clinical careComputer: cognitive rehabilitation71.2 (5.1)25/21Nousia et al [48], 2019

Active: reading web-based e-books and
playing web-based games such as puz-
zles

VR: working memory training75.4 (6.6)33/33Yang et al [36], 2019

Passive: wait-listSmartphone: cognitive training58.8 (5.0)37/16Oh et al [49], 2018

Active: received only an information
brochure to read at home

Web application: cognitive training64.5 (4.8)12/11Pereira-Morales et al [46],
2017

Passive: clinic as usualiPad game: cognitive training75.2 (7.4)21/21Savulich et al [37], 2017

Passive: usual careiPad tablet: cognitive training73.7 (4.8)43/42Han et al [47], 2017

Active: sham cognitive trainingComputer: working memory training75.1 (7.4)34/34Hyer et al [50], 2016

Active: computer games and puzzlesComputer: plasticity-based training pro-
gram; Computer: traditional CCT that is
embedded within Neuropsychological
and Educational Approach to Remedia-
tion model of treatment

75.6 (8.8)31/20,
23/20

Gooding et al [41], 2016
(CCT), and Gooding et al

[41], 2016 (CVTd)

Passive: cross-over (rest)Computer: reminiscence therapy + cog-
nitive training

74.4 (5.7)46/60Barban et al [39], 2016

Active: underwent a training protocol
consisting of watching a documentary
and answering questionnaire

Computer: cognitive training67.6 (4.0)14/14Styliadis et al [42], 2015

Active: sham cognitive (watch short
videos) + sham exercise (stretching and
seated calisthenics)

Computer: cognitive training + sham
exercise

70.1 (6.7)22/24Fiatarone Singh et al [40],
2014

Active: thoughts in motion; sound
thinking; headline clues

Computer: cognitive training + mental
training

68.9 (6.8)32/28Bozoki et al [45], 2013

Active: cognitive activities including
find names of countries and correspond-
ing capitals etc

Computer: memory and attention train-
ing

78.2 (1.4)11/11Herrera et al [38], 2012

aNumber of participants in intervention group/control group.
bVR: virtual reality.
cCCT: computerized cognitive training.
dCVT: cognitive vitality training.

CCT Characteristics
Common activities included attention training, visual processing,
sensory integration, and recollection exercises. Thirteen studies
were delivered as cognitive training programs on computers or
tablets [37-43,45-50]. Another 5 studies [25,34-36,44] used
VR-based interactive video games, with 1 study combining both
tablets and VR devices [37]. In 5 studies, participants completed

all treatment in groups under supervision by trained cognitive
therapists [27,37-40]. Others carried out CCT interventions by
themselves. The frequency of CCT sessions was 2-5 times per
week, with a mean frequency of 3 times per week. The length
of each session was around an hour in all 18 studies. Mean trial
duration was 10.5 (range 4-24) weeks. The average dropout rate
in the studies was 8% (range 0%-23%). The main reasons for
dropout were unwillingness to continue and unrelated health
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issues. Eight studies reported no missing data from baseline to
completion [25,36-38,42,44,46,48]. The activities of the CCT
programs were diverse and 7 of them targeted multidomain
cognitive function [34,35,39-43]. Most CCT programs included
more than 1 activity, including remembering items in a limited
time, mathematical calculations, and auditory stimuli (an
auditory stimulus and recognizing a synthetically generated
syllable from a confusable pair). CCT interventions in some
studies, especially VR-based CCT interventions, inevitably
combined some physical activities [34,35,39] such as balance
training, agility training, strength training, and flexibility
training. In 7 studies [25,34,37,41,44-46], feedback was
provided to the participants, either in real time or as they
finished each activity during the CCT session, such as “Good
job,” “Better next time,” and visual and auditory feedback.
Seven studies conducted interactions between providers and
patients in CCT groups during the intervention or after they
finished each session [25,35,38-40,46,47].

Outcome Measures

Global Cognitive Function
Eleven studies measured the change in global cognitive function
between preintervention and postintervention immediately after

completion of the whole treatment by using Mini-Mental State
Examination [35-37,39,41-43,47], Montreal Cognitive
Assessment [25,34], or Alzheimer’s Disease Assessment
Scale-Cognitive subscale [40]. Gooding et al [41] had more
than one intervention group with the same outcomes measured.
Therefore, 12 trials were shown in the meta-analysis of global
cognitive function. The pooled SMD of global cognitive function
(Figure 2) showed a statistically significant improvement for
participants in the intervention groups compared to that in the
control groups (SMD=0.54, 95% CI 0.35-0.73), with moderate

heterogeneity between studies (P=.09; I2=38%). No significant
publication bias was suggested, as no asymmetry was detected
in the funnel plot (Multimedia Appendix 2), and neither Egger
(P=.98) nor Begg (P=.89) tests were significant. Effect size in
sensitivity analysis remained significant with no notable change
(Multimedia Appendix 3 [25,34-37,39-43,47]). Subgroup
analyses (Table 2) showed consistent improvement in global
cognitive behavior in the CCT intervention groups across all
variables mentioned above. However, we observed no significant
difference in the effect size in each comparison.

Figure 2. Forest plot for global cognitive function [25,34-37,39-43,47]. CCT: computerized cognitive training; CVT: cognitive vitality training; SMD:
standardized mean difference.
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Table 2. Subgroup analyses of global cognitive function.

P valueStandardized mean difference (95% CI)I2 (%)Trials (n)Study subgroup characteristic

N/Aa0.54 (0.35-0.73)3812Overall

Intervention characteristics

.75Publicationb

0.51 (0.26-0.76)2352019 or later

0.58 (0.27-0.88)527Prior to 2019

.22Delivery devices

0.61 (0.35-0.86)488Computer/tablets

0.38 (0.10-0.65)04Virtual reality

.51Computerized cognitive training type

0.57 (0.30-0.84)528Multidomain

0.45 (0.18- 0.71)04Single domain

.33Interaction

0.43 (0.22-0.65)05With

0.62 (0.31-0.93)547Without

.29Feedback

0.85 (0.19-1.52)673With

0.49 (0.31-0.66)139Without

.96Setting

0.53 (0.27-0.80)04Activities in group with supervision

0.54 (0.27-0.82)558Individual

Training dose

.10Duration

0.81 (0.37-1.24)624>3 months

0.41 (0.23-0.60)08≤3 months

.39Frequency

0.46 (0.21-0.71)276≥3 days per week

0.64 (0.33-0.95)526<3 days per week

.96Time

0.54 (0.26-0.82)478≥1 h per session

0.55 (0.27-0.83)324<1 h per session

.69Comparator characteristics

0.52 (0.21-0.83)548Active control

0.59 (0.39-0.80)04Inactive control

aN/A: not applicable.
bCutoff chosen was the year this updated review added newly published studies compared with the latest published review [30].

Domain-Specific Cognition

Executive Function

Eight studies assessed the change of executive function by using
the Stroop test [43,46], the Trail Making Test [25,35,48],
Controlled Oral Word Association Test [40], Memory

Diagnostic System (executive subscale) [49], and Executive
Interview [34]. As shown in Figure 3, the overall pooled SMD
of executive function was 0.41 (95% CI 0.12-0.71), with

moderate inconsistency between the studies (P=.046; I2=51%),
but no publication bias was presented (Multimedia Appendix
2). The sensitivity analysis provided results consistent with the
original result (Multimedia Appendix 3).
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Figure 3. Forest plot for studies assessing specific domains of cognitive function (executive function, working memory, episodic memory, and verbal
memory) [25,34-36,38-41,43,44,46-50]. CCT: computerized cognitive training; CVT: cognitive vitality training; SMD: standardized mean difference.

Working Memory

A total of 8 studies measured the change in the working
memory. The digit span test was the most common instrument
used to measure this outcome [25,36,38,48], followed by
Auditory Logical Memory and Auditory Verbal Logical Test
(immediate recall) [40,43], memory diagnostic system (working
memory subscale) [49], and Span Board [50]. The working
memory of the participants in the intervention groups showed

an improvement compared to that of those in the control groups
(SMD=0.41, 95% CI 0.07-0.74) (Figure 3). Heterogeneity across

the studies was moderate (P=.008; I2=63%) (Multimedia
Appendix 2).

Episodic Memory

A total of 8 studies measured the change in episodic memory
by varied delayed memory recall tests [36,38-41,43,47,48]. The
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forest plot for episodic memory is presented in Figure 3, with
a pooled SMD of 0.62 (95% CI 0.21-1.03), reflecting the benefit
from the intervention group. However, the heterogeneity
analyses suggested considerable heterogeneity between the

studies (P<.001; I2=82%) (Multimedia Appendix 2).

Verbal and Visual Memory

Four studies specifically investigated the change in participants’
verbal memory [34,41,43,44] and revealed an SMD of 0.53

(95% CI 0.02-1.05; P=.001; I2=78%) in favor of CCT groups
(Figure 3). No publication bias was detected in the funnel plot
(Multimedia Appendix 2). In terms of the visual memory, only
1 study measured visual memory based on the Wechsler
Memory Scale-Revised Visual Reproduction subset [41], but
there was no significant difference between the CCT group and
control (SMD=0.33, 95% CI –0.08 to 0.75).

Other Findings

Adverse Effects
There were no adverse events reported from the CCT
interventions across the 18 studies. However, the study
conducted by Fiatarone Singh et al [40] revealed 2 adverse
events in the control groups due to falls or pre-existing arthritis
symptoms exacerbated while participating in strength testing
or training.

Effect Durability and Feasibility
Five studies reported additional assessments after the end of
interventions [38-40,43,50]. The duration of the follow‐up

after the end of the interventions ranged from 3 to 12 months.
All 5 studies evaluated the long-term maintenance of
CCT-related cognitive benefits. Out of the various cognitive
measures, all reported some sustained improvement,
significantly better than controls. Notably, only 1 study reported
dementia incidence after the training [43]. Three of the total 78
patients in the CCT group were diagnosed with Alzheimer
disease in 6 months and another 3 (33 assessed) developed
Alzheimer disease over 12 months after cessation of training,
compared with 15 out of 63 and 6 out of 30 in the control group,
respectively. No study measured participants’ satisfaction
pertaining to the intervention itself. However, improved overall
memory satisfaction and psychosocial satisfaction were reported
[40,49].

ROB With Studies
As depicted in Figure 4 and Figure 5, no study exhibited a low
ROB in all items of assessment, while 9 studies had a high ROB
in at least one item of assessment [25,34,38,39,42,44,45,49,50].
Overall, 11 studies were assessed as low risk of selection bias
[25,34-37,39,40,44,46,47,49], and another 7 studies
[38,41-43,45,48,50] were assessed as unclear because they did
not report a clear process of generation of a randomized
sequence. Four studies had a high risk of performance bias, as
participants were unmasked during the treatment [34,38,39,44].
The risk of detection bias was high in 3 studies [42,45,50], as
outcome assessors were not blinded to the intervention
allocation. Other biases were judged as low risk in all 18 studies.

Figure 4. Results of risk of bias presented as percentages across all included studies.
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Figure 5. Results of risk of bias for each included study [25,34-50]. Key for colors: Red: high ROB; Yellow: unclear ROB; Green: low ROB. ROB:
risk of bias.

Discussion

Summary of the Principal Findings
This systematic review synthesized 18 RCTs with a total of
1059 participants to assess the effectiveness of CCT in delaying
the progression of MCI. The findings of this review indicated
that CCT interventions provided a statistically significant
improvement in global cognitive function. In addition, CCT
interventions resulted in a positive effect in executive function,

working memory, episodic memory, and verbal memory in
people with cognitive decline compared to those in the control
groups. We analyzed the relationship between the characteristics
of CCT interventions and cognition-related health outcomes by
using meta-analyses. Our results emphasized that CCT is a
promising approach for improving global cognitive function.
According to the subgroup analyses, more effective interventions
were those that were performed within patients’ groups, which
used interaction and feedback between providers and patients,
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and those targeting multidomain cognitive functions with longer
durations per course and longer sessions, although the effect
size is marginal and is not statistically significant. Interestingly,
although not reaching a level of significance, subgroup analysis
showed that the effect sizes in studies involving CCT sessions
with no more than 3 times per week appeared to be higher than
those in studies involving CCT sessions more than 3 times per
week. This finding is in line with a previous meta-analysis,
which showed that the intensive frequency of CCT sessions
resulted in worse outcomes and training fatigue [51]. Therefore,
future research should include variations in frequency of CCT
delivery to assess the impact of the different treatment doses of
CCT and to determine the frequency of the sessions with optimal
outcomes. Although we categorized studies by all essential
characteristics of CCT interventions mentioned from previous
reviews, we did not identify any specific characteristics that
could improve the effect of the CCT in global function. Possible
explanations include the strict inclusion criteria, which meant
there were a small number of studies in each subgroup as well
as marked heterogeneity in study design, and the effect might
be confounded by other factors that were not identified.

We found that those interventions conducted after 2019
[25,34-36] were more likely to deliver CCT by VR. VR-based
training could help to overcome the barriers of lack of
infrastructure, enhance motivation, and increase user
participation by resembling real-life scenarios [52]. In addition,
physical activities were often added to CCT interventions,
especially in VR-delivered cognitive sessions. In future studies,
it would be important to investigate the beneficial or synergistic
effects of the combination of cognitive and physical components,
especially for using such applications among older adults with
MCI [53]. No study on the cost-effectiveness of CCT of MCI
has been conducted. However, economic analysis is necessary
for further research, especially given the huge economic burden
of dementia for the society and family. Compared with
traditional cognitive training, CCT is largely web-based,
facilitating dissemination, and not requiring highly trained
cognitive trainers (as does traditional cognitive training), and
this considerably reduces the cost for patients and health
systems.

Limitations of This Study
The chief weakness of this review is the small number of studies
included, especially at the level of subgroup. Second, this
systematic review only included English language studies
published in peer-reviewed journals, thereby potentially reducing
the diversity of studies. Third, the mean age range of the
participants in our studies was 68-76 years. Petersen et al [5]
found that the risk of older people aged 80-84 years developing
MCI is almost 4 times higher than that of those aged 60-64
years; therefore, we may lack data on the age group that might
most benefit from the interventions.

Implications for Further Study
Our review clearly shows that the quality of evidence is overall
low, with small sample sizes, short follow-up duration, and
imbalanced number of studies with different CCT

characteristics, especially at the subgroup level. Although we
show overall statistical significance, clinical significance is still
questionable, and there is insufficient evidence to support the
scale-up of such treatments. Several suggestions to improve the
quality of trials are as follows.

First, longer term follow-up is needed. Only 4 studies conducted
follow-up assessments after the end of the interventions
[38-40,51]. The number of participants who develop dementia
during the follow-up should also be an outcome measure in
further studies. Further, concerning the problem of study design,
the sample size of the included studies was small, ranging from
22 to 141. In addition, some intervention and control activities
were similar, and this might have counteracted the effect of the
CCT. Although computerized programs allow cognitive training
designed to target specific cognitive capabilities, the problem
of transfer of effects to tasks and cognitive domains not directly
trained is a major issue in CCT [54]. Therefore, future research
should clearly differentiate CCT interventions and control
groups and identify the effectiveness of specific cognitive
capacities. Further, more studies call for comprehensive analyses
of the effectiveness of dual-task approaches such as cognitive
training accompanied with physical activities.

Second, concerning statistical analysis, no power calculation
was conducted in the included studies. It is important for studies
to present sample size calculations to improve the validity of
the results [55]. In addition, if the achieved smaller size differs
from the planned sample size, the limitations for the implications
need to be addressed.

Third, to date, there are no well-established CCT treatment
guidelines. Most of the activities in the interventions were
designed without standard criteria, including technical details,
feasibility, and sustainability of the intervention strategies. The
evidence in this review is heterogeneous in quality,
completeness, and objectivity of the reporting of CCT
interventions, thus making comparisons across intervention
activities difficult. This is partly attributable to the
multidisciplinary nature of CCT, which combines different
approaches from the fields of health care and technology. The
rapid pace of CCT development often outpaces the research
ability to generate evidence. Therefore, a set of standards is
needed, which can harmonize and improve the quality of CCT
intervention, both for implementation and evidence
dissemination.

Conclusions
With aging populations increasing globally, there is a huge
interest in interventions to delay or prevent cognitive decline.
The findings from this review suggest that CCT may be a
promising approach to improve global cognitive function and
executive function. High accessibility and no necessity for
delivery by trained experts are the major advantages of CCT as
a clinical tool. However, studies with rational sample sizes,
long-term treatment, and sufficient follow-up duration are
needed to provide the evidence for recommendations for
integration into clinical practice.
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Abstract

Background: Gestational diabetes mellitus (GDM) is one of the most common medical complications during pregnancy. eHealth
technologies are proving to be successful in supporting the self-management of medical conditions. Digital technologies have
the potential to improve GDM self-management.

Objective: The primary objective of this systematic literature review was to identify the views of health professionals (HPs)
and women with GDM regarding the use of eHealth for GDM self-management. The secondary objective was to investigate the
usability and user satisfaction levels when using these technologies.

Methods: Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) approach, the search
included primary papers in English on the evaluation of technology to support self-management of GDM from January 2008 to
September 2021 using MEDLINE, CINAHL, Embase, ACM, and IEEE databases. The lists of references from previous systematic
literature reviews, which were related to technology and GDM, were also examined for primary studies. Papers with qualitative,
quantitative, and mixed methodologies were included and evaluated. The selected papers were assessed for quality using the
Cochrane Collaboration tool, National Institute for Health and Care Excellence clinical guidelines, Critical Appraisal Skills
Programme Qualitative Checklist, and McGill University Mixed Methods Appraisal Tool. NVivo (QSR International) was used
to extract qualitative data, which were subjected to thematic analysis. Narrative synthesis was used to analyze the quantitative
data.

Results: A total of 26 papers were included in the review. Of these, 19% (5/26) of studies used quantitative research methodologies,
19% (5/26) used qualitative methods, and 62% (16/26) used mixed methods. In all, 4 themes were identified from the qualitative
data: the benefits of using technology, engagement with people via technology, the usability of technology, and discouragement
factors for the use of technology. The thematic analysis revealed a vast scope of challenges and facilitators in the use of GDM
self-management systems. The challenges included usability aspects of the system, technical problems, data privacy, lack of
emotional support, the accuracy of reported data, and adoption of the system by HPs. Convenience, improved GDM
self-management, peer support, increased motivation, increased independence, and consistent monitoring were facilitators to use
these technologies. Quantitative data showed that there is potential for improving the usability of the GDM self-management
systems. It also showed that convenience, usefulness, increasing motivation for GDM self-management, helping with GDM
self-management, and being monitored by HPs were facilitators to use the GDM self-management systems.

Conclusions: This novel systematic literature review shows that HPs and women with GDM encountered some challenges in
using GDM self-management systems. The usability of GDM systems was the primary challenge derived from qualitative and
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quantitative results, with convenience, consistent monitoring, and optimization of GDM self-management emerging as important
facilitators.

(J Med Internet Res 2022;24(10):e39689)   doi:10.2196/39689
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Introduction

Background
Gestational diabetes mellitus (GDM) is defined as any degree
of carbohydrate intolerance with onset or first recognition during
pregnancy [1]. GDM is one of the most common medical
complications of pregnancy [2], with a significant increase in
its prevalence in different ethnic groups and countries over the
last several years [3,4]. GDM is most prevalent in the Middle
East and North Africa, with an estimated median of 12.9%, and
least prevalent in Europe, with an estimated median of 5.8% of
all pregnancies [5]. In the United Kingdom, the prevalence of
GDM is approximately 4% of all pregnancies [6]. The rate of
GDM is likely to rise owing to a growth in GDM risk factors,
such as greater prevalence of maternal obesity and advancing
age of childbearing [7], leading to an increasing demand for
GDM clinical services [8].

GDM is associated with serious maternal [9-11] and fetal
complications [12-15]. Mothers who have been affected by
GDM are also at risk of developing type 2 diabetes [16] and
cardiometabolic disorders later in life [17], and their infants are
more at risk of developing adulthood obesity and type 2 diabetes
[12,18]. These complications represent significant health
problems and cost [19] for health services. The risk of adverse
effects of GDM can be minimized by good control over maternal
blood glucose (BG), diet, and physical activities [20]. However,
there is limited time between diagnosis and delivery to optimize
care for women with GDM [21]. Therefore, regular clinic visits
[22] to a multidisciplinary team are advised to provide care
during pregnancy. Nonetheless, traveling to specialist clinics
in central locations [23] is expensive [24], time consuming, and
inconvenient for women [25]. Recently, there has been an
increase in the use of technology to enable self-management of
GDM by women and to shift GDM management away from
hospital-based care [26].

In light of increased adoption of technology to access
information and communication, a digital GDM
self-management system might offer advantages such as
reducing patient travel and waiting time [27], saving medical
practitioner time [8], reducing costs [28,29] to both the health
care system and patients, greater convenience [30], attainment
of better pregnancy outcomes [31], and an increased feeling of
self-efficacy [32]. This can further lead to better BG control
[29,33] and a decrease in GDM complications owing to greater
accuracy and more frequent monitoring [34]. Such outcomes
are evident in the results of several studies, which have found
that health care technology can be beneficial for women with
GDM in the improvement of hemoglobin A1c [35-37], mean
BG [21,38-40], maternal weight [41], and maternal and fetal

outcomes [38,42,43]. Technology could also offer high-quality
remote health care in a critical situation such as the COVID-19
pandemic to women with GDM, where travel and in-person
contact have been severely restricted [44,45]. Therefore, there
is an urgent need to consider computer-based communication
technologies for the management of diabetes. This could
contribute to better diabetes management by improving patient
knowledge, attitudes, skills, lifestyle behavior [46], quality of
care, and access to care [29].

Study Aims
Digital GDM self-management systems developed in recent
years are available mostly as mobile apps or websites [8,30,34]
and offer a wide range of features such as monitoring BG [23],
diet, physical activity, blood pressure, and ketonuria [8] for
women with GDM. However, a recent study by Kalhori et al
[47] suggests that the few GDM apps available in popular app
stores are poor in quality, using the Mobile App Rating Scale
as a basis for this result [47].

Furthermore, most GDM self-management systems are not
widely used [48,49], and some are no longer supported [8,50],
one reason for which is obsolete hardware (ML Bartholomew,
MD, email communication, 2018). Previous systematic reviews
in the scope of technology and GDM management were carried
out on available technology for GDM self-management
[47,51-53], the impact of technology on clinical and pregnancy
outcomes or GDM management [54-56], comparing women’s
clinical outcomes using technology with standard care [35], and
the psychological aspect of using technology [57]. However,
to the best of our knowledge, there is no systematic literature
review of the opinions of health care professionals and women
with GDM about using technology for GDM self-management.

The primary aim of this systematic literature review was to
identify the views of health professionals (HPs) and women
with GDM regarding barriers and facilitators of using
technology for GDM self-management. The secondary aim was
to investigate the usability and user satisfaction of these
technologies.

Methods

Approach
The search strategy was developed by following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) approach [58] with the help of a professional
librarian. The PRISMA guidelines lead to standardized reports
and enhance the clarity of systematic literature reviews [59].
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Criteria of Inclusion and Exclusion To achieve the aims of this review, the criteria for inclusion and
exclusion were developed as presented in Textbox 1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

1. Views of health care professionals, pregnant women diagnosed with gestational diabetes mellitus (GDM) or postpartum women with a history
of GDM about their pregnancy period

2. Technology (eHealth or telemedicine being used, evaluated, reviewed, or discussed by participants) or usability evaluation or reports of user
satisfaction levels

3. Any primary research studies

4. Aspects of GDM management (eg, blood glucose control, diet, weight, physical activity, medication adherence, or information)

Exclusion criteria

1. Published papers written in any language other than English

2. Women with preexisting type 1 and type 2 diabetes (except papers that provide information about GDM distinct from type 1 and 2 diabetes)

3. Any nondigital technology

4. Papers published before 2008

5. Posters, abstracts, and news items

6. Systematic literature reviews

7. Usability results for task performance

Search Strategy and Screening Process
A search was carried out using 3 search
terms—“self-management,” “gestational diabetes,” and
“technology” (Multimedia Appendix 1). The search terms were
identified from papers in eHealth for GDM in the PubMed
database.

The search included publications written in English from
January 2008 to September 2021 in the MEDLINE, CINAHL,
Embase, ACM, and IEEE databases. This date limitation was
chosen to represent contemporary technology for GDM
self-management.

The screening process was conducted by the first author in line
with previous studies [60,61] and with the help of the research
team and a professional librarian using the following steps:

1. Identification: the results of the search from different
databases were exported to the EndNote X7 software.
Furthermore, the reference lists of previous systematic
literature reviews related to technology and GDM were
examined in the primary studies. All citations were collated
into one group and duplicate records were removed.

2. Screening: the titles and abstracts of the remaining citations
were screened based on the inclusion and exclusion criteria
to select potential papers by the first author. At this stage,
2 other members of the research team independently
conducted a double screening of the first 10% of the results.
Following a discussion phase, this screening process was
repeated to ensure reliability based on inclusion and
exclusion criteria.

3. Eligibility: Mendeley software was used to keep electronic
copies of the full text of potential papers. The full text of
the papers was assessed based on the inclusion and
exclusion criteria.

4. Included: the final papers were selected from the full text
based on the inclusion and exclusion criteria by the first
author. The papers were discussed with the research team
if there was any lack of clarity in their inclusion.

Data Extraction
The study characteristics were extracted from the final 26
included papers. A predefined data extraction table was
populated with information, such as study design, sample size,
location, analysis method, participants’ ages, inclusion and
exclusion criteria, analysis methods, study goals, quantitative
and qualitative data collection tools, and key findings
(Multimedia Appendix 2 [13, 21, 25, 27, 30, 34, 41, 43, 48, 50,
62-77]).

NVivo 12 was used to extract relevant qualitative data to achieve
the primary aim of the review. A predefined table, including
the author, measures, scale items, and results, was used to extract
relevant quantitative data.

Quality Assessment
Appropriate appraisal tools were chosen based on the
methodology and study design. Each of the studies included in
this review was critically assessed using an appropriate tool:
the Cochrane Collaboration tool for randomized controlled trials
(RCTs) [78], National Institute for Health and Care Excellence
clinical guidelines for questionnaire studies or surveys [79], the
Critical Appraisal Skills Programme Qualitative Checklist for
qualitative studies [80], and the McGill University Appraisal
Tool for Mixed Methods [81].

To meet the aims of this systematic literature review and not to
exclude data relevant to this review, the quality of papers was
not assessed with the purpose of excluding them. Instead,
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limitations of the included studies were considered during the
analysis and synthesis of data.

Analysis
The analysis was completed in 2 phases for qualitative and
quantitative data. Thematic analysis with an inductive approach
[82] was used to develop themes from 73% (19/26) studies that
included qualitative data following the 6 steps outlined by Braun
and Clarke [82].

Level 1 (reviewing codes of each theme for existence of
coherent patterns) and level 2 analyses (reviewing the themes
to assess whether they reflect the entire data set) were conducted
by the first author and the second coauthor. Interrater reliability
was not carried out, in line with the recommended process by
Braun and Clarke [83].

Narrative review was used to analyze the quantitative data owing
to the heterogeneity of research methods used. A narrative
review is flexible and allows different types of evidence to be
combined into a coherent summary. The narrative review
process [84] included summarizing and explaining the
quantitative data presented in 69% (18/26) included papers.

Results

Study Selection and Study Characteristics
The search and screening strategies are shown in Figure 1.

A total of 26 papers were included from the full text based on
the inclusion and exclusion criteria. Of the included papers,
19% (5/26) were quantitative, 19% (5/26) were qualitative, and
62% (16/26) used mixed methods (Multimedia Appendix 2).
The sample sizes varied among the studies, ranging from 9 [62]
to 340 [63] participants. Most of the included studies were from
Europe (15/26, 58%), and the rest were from North America
(3/26, 11%), Australia (4/26, 15%), Singapore (1/26, 4%), New
Zealand (1/26, 4%), and South Korea (1/26, 4%), with 4% (1/26)
study of unspecified location. Studies varied in exploring the
views of women and HPs. Of these, 96% (25/26) studies
included the views of women, with 23% (6/26) including the
views of HPs, and only 4% (1/26) including HPs’views without
those of women.

Figure 1. Study identification flowchart. GDM: gestational diabetes mellitus; HP: health professional.

Methodological Quality Assessment
In general, the 26 included studies showed some degree of bias
in their research.

Figure 2 [21,25,34,43,50,64] and Figure 3 show the risk of bias
summary and graph (specific to an RCT study design),

respectively, for the included studies using Review Manager
5.3 (Cochrane Collaboration desktop software).

On the basis of the nature of the included studies that used
technology as a core of their research, it was impossible to blind
participants and researchers from the knowledge of the
intervention participants received [35]. Therefore, performance
bias was not included in the risk of bias assessment (Figures 2
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and 3) [35]. Of the 23% (6/26) RCT studies, quality assessment
showed that 15% (4/26) had a low risk of bias [21,25,43,64].
The other 8% (2/26) studies presented a risk of bias in
incomplete outcome data owing to the withdrawal of a large
number of participants during the study [50] and an unequal
number of participants in the intervention and control groups
[34]. Furthermore, the allocation concealment method has been
adequately reported in only 8% (2/26) studies [25,50].

Quality appraisal of the remaining studies (Multimedia
Appendix 3 [13,21,25,27,30,34,41,43,48,50,62-77]) revealed
that 11% (3/26) qualitative studies were of good quality in
design, data collection procedure, and data analysis [62,65,66].
The common limitations for the rest of the studies (including

quantitative, qualitative, or mixed methods) were bias in
sampling [49,67,68], small sample sizes relative to the type of
study conducted [67,69,70], lack of information about the
validity and reliability of the data collection tools [67,69-71],
lack of information about inclusion and exclusion criteria [68],
poor qualitative results [64], and unclear recruitment strategy
[72]. In addition, there was a lack of information regarding the
method of gathering qualitative data [13] and the analysis
process [13,72]. In 8% (2/26) mixed methods studies, it was
stated that the quantitative data would be collected in the
following phase, but there was no clear explanation about how
the triangulation of the quantitative and qualitative data would
answer the research question [27,48].

Figure 2. Risk of bias summary—each risk of bias item across included randomized controlled trial studies. Green: Yes (low risk of bias); Red: No
(high risk of bias); Yellow: Unclear (bias is not clear or bias cannot be determined) [21,25,34,43,50,64].

Figure 3. Risk of bias graph—the risk of bias item presented as percentages across included randomized controlled trial studies. Green: Yes (low risk
of bias); Red: No (high risk of bias); Yellow=Unclear (bias is not clear or bias cannot be determined).

Thematic Analysis of Qualitative Data

Overview
Of the included studies, 73% (19/26) contributed qualitative
data to the thematic analysis. The views of women and HPs
were integrated and reported together throughout the analysis.

A total of 4 themes were identified: benefits of using technology,
engagement with people via technology, usability of technology,
and discouragement factors for the use of technology (definitions
of the themes and subthemes are available in Multimedia
Appendix 4). Furthermore, 2 subthemes were identified, as
outlined in Figure 4.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39689 | p.196https://www.jmir.org/2022/10/e39689
(page number not for citation purposes)

Safiee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Thematic map showing themes and subthemes. GDM: gestational diabetes mellitus.

Theme 1: Benefits of Using Technology

Overview

Both women and HPs reported their confidence in [27,72] and
willingness to use GDM self-management systems because of
the benefits of these systems for women with GDM [25,30] and
for their babies’ health [65,66,72]. Furthermore, some HPs
considered technology to be beneficial for complementing the
limited number of health care professionals, while the rate of
GDM is increasing [66]. The benefits of using technology
themes included 2 subthemes: “convenience of technology use”
and “improving self-management by using technology.”

Convenience of Technology Use

Convenience was the predominant benefit of using technology
for GDM management. A total of 50% (13/26) papers reported
that women with GDM and HPs found the convenience of
reduced travel and clinical appointments, as well as the
pervasive use of technology, the most beneficial reasons for its
use. Women in the studies of Khalil [66] and Edward et al [73]
expressed that traveling is “exhausting” [66] particularly toward
the end of their pregnancy [73], and especially for women living
at a distance [27,30,66]. Women and HPs also indicated that it
would lead to a reduction in the need for women to make
potentially stressful arrangements for finding childcare and
managing absence from work [25,27]. Therefore, technology
could be highly advantageous for women with busy lives,
especially those who already have children [30]:

I am amazed with the technology and it suited me
much better than having to travel in a lot and wait,
especially with little ones [Patient 10]

Generally, women and HPs lauded the ease and convenience
of using technology rather than traditional paper logbooks. This
was mainly because of the ability to access technology anytime
[74] or anywhere, driven by the growing pervasiveness of
mobile devices [62,73]—“you’ve always got your phone haven’t
you, so it’s the easiest way to do stuff” (Patient 3).

Women and HPs also recognized constant access to information
related to GDM [62,65,73] and being familiar with using similar
technology [48,62,72-74] as further elements of ease and
convenience.

Saving time is another convenient aspect of technology use for
both women [25,27,75] and HPs [64]. In a study by Bromuri et
al [64], a telemedicine system helped HPs review BG values
quicker than to review them on a paper logbook, owing to alerts
that highlighted out-of-range BG values resulting in

hyperglycemia and hypoglycemia being recognized quickly.
Women and HPs agreed that it takes considerable time to attend
clinical appointments [27] just to “be told you’re doing
everything right” [25,75]:

They don’t want to spend all of their time trying to
get to the hospital and look for parking and spend
long periods waiting at hospital. [Clinician 2]

Improving GDM Self-management by Using Technology

Improving the ability of women to self-manage GDM is another
prominent benefit of using such technology. Increasing
awareness of one’s own data has been perceived as an important
element of using technology for GDM self-management
[25,63,65]. Women in some studies indicated that real-time
feedback [63,65,74], visualization of data (eg, graphic nutrient
summaries or recommendations) [63,65,74] and the ability to
review and track their data [25,63,75] empowered them with
“self-awareness” about their own data [63,65,74]. The clarity
of the relationship between different attributes, particularly diet
and BG levels, was seen as beneficial [63,65,73]. Data
relationships also helped women to identify “where it
[self-management] was working or where it was going wrong’’
[25] and supported them to change their lifestyle [63,65,74].
However, women and HPs had different opinions about the
accuracy of women’s self-reported data. Although some women
favored recording data with technology because they were more
accurate and precise [74], other women admitted misreporting
their data values to get more positive feedback [65]. Some HPs
did not want to rely on women’s self-reported data [76] because
they did not trust the accuracy of the data; they preferred to
enter data into the system themselves [72].

Women also found information related to diet [49,63,68,73,74]
and peer support [73,75] useful in improving their lifestyle.
Moreover, women felt “automatic messages” [63], rewards, and
goal tracking on the system motivated them to change their
lifestyle and optimize their GDM self-management.

Both women and HPs perceived increased independence through
technology [66,72]. Women and HPs also expressed that using
a digital GDM system improved both their self-management
skills [27,65,66] and exercise of control on their GDM condition
[25,27,63,65,71,73,74,77]:

myDiabby helped patients self-manage their health.
[66] [Nurse 2]

Technologies help us being more autonomous. We
feel more responsible. [66] [Patient 1]
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Theme 2: Engagement With People via Technology
This theme included 2 main components including engagement
with peers and engagement with health care professionals.

Women with GDM indicated that accessing “peer support” by
a digital GDM self-management system would be useful [75]
as “somebody may know something more” [68]. Although some
women had little or no experience with web-based group
communication, they were still interested in communicating
with other women with GDM via technology [68]. Peer support
provided an opportunity for women to access “other people’s
experiences” [73] for sharing and exchanging information [68].
As a woman with GDM indicated, peer support provided “a
better overview of risks associated with GDM, what could go
wrong potentially, and the good stories as well” [73]. Overall,
women perceived that peer support empowered them with a
broader scope of GDM knowledge than other women who were
experiencing the same condition [73]. In addition, peer support
reassured women that they were “not alone” [73] and offered
them a “constant feeling of support” [73]. Furthermore, it
enabled women to talk about their condition and experience in
a “safe space” without being judged by other people [73].
Women indicated a lack of peer support in the current care
system that might be addressed using technology [75].

Regarding engagement with health care professionals, women
appreciated the possibility of receiving additional support using
technology. They valued sharing their data and having regular
GDM monitoring by HPs via technology [25,66,68,72,73,76],
specifically for benefiting both their own health and that of their
baby [72]. Women expressed how sharing data with HPs was
“reassuring” and gave them a “safety net” [25] owing to a
feeling of being monitored more closely by the HPs [73].
Similarly, some HPs believed that sharing data would provide
an opportunity to review and monitor the data frequently [64,66],
detect any changes or problems at an early stage [25,48] and
thereby allow the early application of treatment or interventions
for women with GDM [25,64,66].

Although some women and HPs felt comfortable communicating
via technology [30,66,71,73,75], others were concerned about
a lack of physical and emotional support [27,62,66,75] and a
poorer quality of conversation [25,27,66]:

I like the one to one contact so you can ask questions.
[25]

Nevertheless, women still felt there was a need to provide more
interaction and communication between HPs and women via
mobile app technology [76].

Theme 3: Usability of Technology
Women and HPs provided various perspectives on the usability
of digital GDM systems in this theme. The content of the
systems, including the quality of information and format and
presentation of patients’ data, was the main usability aspect
discussed by women and HPs in the included papers.

When women and HPs found the GDM systems “easy to use”
[25,30,66,72,74], “simple” [25,66], “intuitive” [66] and
“straightforward” [25,74], these impressions were influenced
by the presence of simple language and images [63] and the

simplicity of information presentation, such as displaying all
data on one screen [62,72,77].

When usability concerns arose, they were also related to the
data format and layout. Women and HPs suggested improving
the layout and format of the information by changing the size
of images or the amount of text [49], using videos [27],
improving the data summary presentation [74,77], changing the
data format to be similar to that of a paper logbook
[25,48,63,74], and distinguishing different degrees of BG
severity [48]:

To look back and see is there a blood sugar previous
to try and identified yourself which was the pre and
which was the post [meal test]. [25]

In the study by Pustozerov and Popova [76], HPs also indicated
that improving the data format would help them review the data
more easily.

Discussions on usability were also directed at the effectiveness
of GDM apps in fulfilling the needs of women. Participants in
different studies provided opinions about the lack of
functionality in their GDM self-management systems. Some of
their diverse suggestions included an option to scan barcodes
of food [74], a time-alerting function for entering data [13], an
educational or coaching feature [48], the ability to add a note
to BG readings, and the ability to record the type of physical
activity they have performed [65].

Women were also interested in having pop-up messages [65],
informing them about any changes in their data [48], their
condition [73], or any new activities in the forum [68] on the
system:

To be able to review previous (entered) results and
comments, to get an alert notice if results are out of
the ideal range... [48]

A final aspect of usability concerned the effectiveness of
information content. Women and HPs found the GDM
information in both older technology [73] as well as that
introduced by the studies [63,65,77] to be insufficient and
simplistic [63,65,73,77]. Personalized information was
considered vital [63] for diet [48,49] and in-depth information
about GDM [65,77]. In addition, some women had issues with
the clarity of the content and wanted simple, clear [49,77] and
commonly used language [63,77] such as using “tablespoon”
or “bowl” as familiar measurement units used by their dietitian
rather than imperial measurements that were used to display
food quantities on the app [63].

Despite the clear views of some women and HPs that using
GDM self-management technology was more efficient in
monitoring [48] and recording [68], other women were
concerned about the inefficiency of their GDM systems [73,74].
Women with GDM found it was time consuming to use the
system, particularly to retrieve information from food databases
[74]. Postpartum women who had GDM perceived that the apps
they used for GDM were overcomplicated and required too
much commitment to complete a task [73]:

For something that was quite simple, it would take
actually a long time to find it. [74]
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I’ve never managed to do it for a long period, because
of the amount of commitment. [65]

Theme 4: Discouragement Factors for the Use of
Technology
The apparent disinterest of HPs was a cause of discouragement
for women with GDM. Some said HPs lacked interest [63,65,71]
and knowledge [65] in using technology. Indeed, their HPs’
preference for a paper logbook discouraged women from using
digital GDM self-management tools [65], particularly those
who were already unfamiliar with such technology [27]:

I had no interest in writing it two places, and I
understood that no one was going to read or use my
app…They always asked for my book, so I used that.
[79]

Similarly, HPs were concerned about women’s abilities to use
technology:

they’re all on their screens but at the end of the day,
some of them don’t actually have credit to even look
at a website or download a piece of information. [67]

Confirming this, some women reported little or no experience
of using “message boards and things of that nature” [68].
Therefore, women themselves believed that some training might
be needed to increase their confidence to use such technologies
[27,72]. Some women with GDM were also concerned about
the privacy of personal health information recorded on the
systems [25,77].

In addition, HPs were concerned about the time required to use
the systems and thought it would increase their workload
[25,48,66,75]. They were also concerned that some women
might not be able to afford the technology [75]:

We have some women who have got quite a low
socioeconomic status, most of them still have
phones...but not all have [mobile] data. [67]

Women with GDM and HPs also experienced technical
problems as barriers to the use of GDM self-management
technology. Both women and HPs reported some difficulties
with data transmission [62,65,71], problems with accessing
technology [75], and poor access to the local internet [25,30].

Narrative Review of Quantitative Data
A narrative review was used to analyze the quantitative data,
including the usability and user satisfaction results from 50%
(13/26) of the included studies. Quantitative data from the
remaining 27% (7/26) studies were not included in the analysis,
as the results were not related to usability or user satisfaction
[27,48,49,63,72,75] or were the result of objective task
performance [77].

Usability
Quantitative studies used various measurements to gather data.
Of these, only 12% (3/26) included a usability questionnaire to
evaluate their systems, as summarized in Table 1.

Of the included studies, 8% (2/26) applied the system usability
scale (SUS) developed by Brook in 1996 [85], with defined
acceptability ranges for SUS scores (0-50 not acceptable, 50-70
marginal and 70-100 acceptable range) [86]. Jo and Park [13]
reported a marginal score for their app, just below the acceptable
threshold, (69.5 of 100). A similar, but acceptable, score was
reported in the study by Gianfrancesco et al [74] for their
web-based dietary system (70.9 out of 100) [74]. Pustozerov
and Popova [76] included a custom questionnaire wherein
women with GDM rated the “usefulness” and “convenience”
of their GDM system on a 10-point scale. Usefulness was rated
highly (8.7 out of 10), with convenience scoring somewhat
lower (7.2 of 10).

In short, although these results suggest that previous GDM
systems have usability challenges, it is impossible to draw any
reliable conclusions with only 12% (3/26) studies providing
results from a usability questionnaire.

Table 1. Included studies that used a usability questionnaire.

TypeUsability

SUSa questionnaireGianfrancesco et al [74]

SUS (Korean version)Jo and Park [13]

Custom usability questionnaire (10-point scale questions on convenience and usefulness + open-ended questions)Pustozerov and Popova [76]

aSUS: system usability scale.

User Satisfaction
The included studies used different measurements to evaluate
user satisfaction. Given et al [25] used an adapted version of
the Telemedicine Satisfaction and Usefulness Questionnaire by
Bakken et al [87]. Of the studies that included user satisfaction
questionnaires, 4% (1/26) did not make their satisfaction
questionnaire available [21], 12% (3/26) used specially
developed satisfaction questionnaires [30,34,50], and the rest
(4/26, 15%) used satisfaction questionnaires without any
information on how they were developed [21,67,69-71]. Studies
by Hirst et al [30] and Mackillop et al [43] were the only ones

to provide evidence of the validity and reliability of their
developed questionnaires.

The included studies reported generally high user satisfaction
in their evaluations of GDM systems [21,25,30,34,50,67,69-71].
However, their user satisfaction questionnaires evaluated many
different aspects of GDM systems regarding the type of
technology and its features, making it difficult to clearly
summarize areas for improvement. Table 2 shows the key
measures of the user satisfaction questionnaires in the included
studies (the complete measures are available in Multimedia
Appendix 5). Most questionnaires used a Likert scale rating to
assess the degree of participants’ agreement with their
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statements about the GDM systems. Women in these studies
interacted with the technology within the period from GDM
diagnosis until childbirth (usually between 8 and 10 weeks).
They all used and evaluated the real working prototypes.
Miremberg et al [21] were not included in Table 2 because the
questions or satisfaction items were not available in their study.

Assessment of the aspects of convenience was common.
Caballero-Ruiz et al [34] highlighted the convenience of
minimizing travel to centralized clinics as the strongest indicator
of satisfaction (approximately, on average, 9.5 out of 10). In
other studies, women rated GDM apps highly for factors such
as not complicating their lives [34,69,70] and the ability of these
apps to fit into their lifestyles [30].

Improvement of GDM self-management was a highly rated
aspect of the studied systems, including helping women to
record BG levels [71], reminding them to take medication and
record BG levels, helping them eat healthier, encouraging them
to be more active [67], and helping to improve their GDM
knowledge [34]. Moreover, most women found SMS text
messages helpful and motivated them to optimize their GDM
self-management [50,67]. A total of 2 studies also reported a
general increase in women’s confidence in the management of
their GDM [34,70].

Confidence or trust in GDM systems was rated well. Women
with GDM reported confidence that the health care team checked
their BG levels on the GDM system [71]. Many studies reported
high ratings of confidence in the GDM systems, with women
recommending them to others [34,43,50,67,69] or planning to
use them in their next pregnancy [25,43,50,67]. Similarly, a
study reported a high degree of trust (average 9 out of 10) in
the GDM system [34], while another study reported that the
GDM system was reliable [30].

Slightly lower satisfaction scores were reported for other aspects
of ease of use: clarity of visualization of changes to treatment
was rated approximately 7 out of 10 [34], and Peleg et al [70]
reported satisfaction with system response time as approximately
3.5 out of 5, and ability to assist with interpreting self-monitored
data approximately 3.8 out of 5.

Overall, based on the usability results (scores just under or above
the acceptable threshold), there is much room for improvement
in the usability of GDM self-management systems. However,
with the limited number of papers providing a quantitative
usability evaluation and the heterogeneity of questions assessing
satisfaction, more studies are needed to identify where the
improvement of usability and user satisfaction should be
focused.
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Table 2. User satisfaction question topics in the included studies.

StudySummary of key measures of user
satisfaction questionnaires

Given et
al [25]

Hirst
et al
[30]

Bartholomew
et al [50]

Peleg et
al [69]

Caballero-
Ruiz et al [34]

Peleg et
al [70]

Mackillop
et al [43]

Johnson and
Berry [67]

Varn-
field et
al [71]

✓✓aConvenient

✓Avoiding displacement

✓✓✓✓✓Fit in with life or did not complicate
it

✓✓Adapt to daily life and context
changes

✓✓Number of hospital consultations is
enough

✓Help to record BGLsb

✓Help to remember to take medication

and take BGc

✓Help to eat healthier or become more
active

✓Helps to improve GDMd knowledge

✓Increased motivation for self-manage-
ment

✓Improved diabetes control

✓✓✓Help to feel confident in managing
GDM

✓Feel confident that health care team
checked BGLs

✓✓✓✓✓✓Recommending to others

✓✓✓✓✓Using it again

✓✓Useful

✓✓✓Easy to use

✓✓Ease to learn how to use

✓✓Helps data interpretation

✓✓Clarity or effectiveness of visualiza-
tion

✓Clarity of activities’ sequence in app

✓Personalized

✓✓System response time

✓Experiencing error with the system

✓Time consuming

✓Trust is being well controlled

✓Trust it to work

✓✓Reliable to use

✓Satisfaction regarding diabetes fol-
low-up

✓✓Satisfied with the system

✓✓Enjoyable or interesting

✓✓Paying for the system
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a✓: illustrates where a study included a measure of user satisfaction in its participant questionnaire.
bBGL: blood glucose level.
cBG: blood glucose.
dGDM: gestational diabetes mellitus.

Discussion

Principal Findings

Overview
The primary objective of this systematic literature review was
to identify the views of HPs, women with GDM, and postpartum
women who have had GDM regarding GDM self-management
technology. The secondary objective was to investigate the
usability and user satisfaction levels of existing technologies
and quantitatively evaluate these factors.

Regarding the first objective, thematic analysis of the qualitative
data in the selected papers identified four themes: (1) the
benefits of using technology, (2) engagement with people via
technology, (3) usability of technology, and (4) discouragement
factors for the use of technology.

The thematic analysis of qualitative data revealed barriers to
usability, including technical problems, data privacy, lack of
emotional support, the accuracy of reported data, and adoption
of the system by HPs. Convenience, improving GDM
self-management, peer support, increasing motivation,
increasing independency, and providing consistent monitoring
were common facilitators of using this technology.

For the second objective, the narrative review of the quantitative
data (usability and user satisfaction) showed that there is room
for improvement in the usability of GDM self-management
systems.

Benefits of Using Technology

Convenience of Technology Use

The influence of convenience in our analysis, in both the
qualitative and quantitative findings, is echoed in other literature
on telemedicine. Pérez-Ferre et al [88] reported a 65% reduction
in the number of clinical visits for women with GDM who were
using telemedicine. The main benefits of doing so are the
improvement of HPs' work efficiency and a better quality of
life for women with GDM [57].

Although our findings indicated a strong positive desire to
reduce in-person clinics through technology, not everyone
wanted clinical visits replaced altogether. This was affirmed in
a recent systematic review that highlighted the negative impact
of losing in-person contact between women with GDM and HPs
[57], particularly for women who experience social isolation
and anxiety during pregnancy [89]. However, these studies were
carried out before the COVID-19 pandemic. Today, patients
may be more familiar with remote consultations, and the impact
of this would benefit from further investigation.

Improving GDM Self-management by Using Technology

Our results revealed that women appreciated the use of
technology to manage various aspects of their condition. These
findings are consistent with those of relevant studies outside

the scope of this review. Leziak et al [90] explored the
experiences of women with GDM and pregnant women with
type 2 diabetes using mobile health (mHealth) during pregnancy.
Their results showed enhanced self-management through the
use of mHealth technology [90]. Similarly, Yee et al [91]
explored how pregnant women with GDM or preexisting
diabetes perceived an SMS-based intervention during their
pregnancy, showing an optimization of GDM self-management
and increased motivation for diabetes self-care. In 2007, Homok
et al [32] evaluated the feasibility of a web-based telemedicine
system that monitored the BG levels of underserved (poor
socioeconomic status) women with GDM using the Diabetes
Empowerment Scale [92]. Participants experienced increased
diabetes management self-efficacy, such as readiness to change
their lifestyle behaviors to achieve diabetes goals.

In summary, evidence suggests that technology could help
women optimize their GDM self-management abilities, leading
to benefits for both themselves and their baby’s health. As a
result of good practices initiated through GDM self-management
technology, women could also improve control over their health,
which could be maintained habitually after giving birth to
prevent the development of type 2 diabetes.

Engagement With People via Technology
As mentioned earlier, this theme consists of 2 main components:
“engagement with peers” and “engagement with health care
professionals.”

The results of the thematic analysis demonstrated the benefits
of peer support in digital GDM self-management systems
[68,73,75] a finding supported by similar studies outside the
scope of this review. Leziak et al [90] explored the experiences
of low-income women with GDM and pregnant women with
type 2 diabetes, using mHealth technology to support and
improve diabetes self-management during pregnancy. Their
results highlighted how women valued social interactions with
other women and accessed their knowledge and experiences.
McMillan et al [93] evaluated mHealth technology to support
postpartum women with a history of GDM in maintaining
postnatal activity and good dietary habits, finding that a
discussion forum was a valuable feature in doing so [93]. As
other previous studies have emphasized, such favorable opinions
of women toward peer support stem from their ability to share
or read stories about other women [91] and receive emotional
support [94], which is an important factor in health
communication [95,96]. Indeed, some HPs believed that
pregnant women valued other women’s experiences more than
HPs’ advice during their pregnancy [97]. However, Sherman
and Greenfield [94] found that, when examining message boards
for pregnant teenagers, some of the medical information posted
by pregnant women was misleading because it was suitable for
their specific condition and therefore inappropriate for others
[94]. Furthermore, validation of posted information is also a
major challenge [95], and further work is needed in this area to
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provide a reliable and validated communication path between
women with GDM.

Our thematic analysis described women’s interest in sharing
data with their clinicians by remote means, to obtain reassurance
and to be monitored more consistently. This is also evident in
some previous studies. Dalfra et al [31] found that women with
GDM and pregnant women with type 1 diabetes appreciated
their telemedicine system for sharing their data with HPs and
their ability to communicate with them whenever needed.
Similarly, Leziak et al [90] showed that women were also in
favor of sharing data with HPs and receiving real-time feedback.
However, in the included studies, some HPs found it difficult
to trust women’s reported data [72,76]. In contrast, Kruger et
al [98] found that HPs were satisfied with the accuracy of the
data reported by women with GDM via a telemedicine system.
Other studies have found that it is unlikely that women would
misreport their records, as they are highly motivated to maintain
BG control [31] for the sake of their baby’s health [57]. Further
work is needed to examine the means of decreasing the
possibility of reporting incorrect data.

Usability of Technology
Although the evidence available regarding the usability of digital
GDM self-management systems is limited [99], the findings of
our review are in line with those of previous studies on mHealth
self-management systems for type 1 and type 2 diabetes. Katz
et al [100] assessed 8 current diabetes self-management apps
for adults with type 1 diabetes, discovering issues in the
interpretability of data and high cognitive load. These results
were corroborated by Fu et al [101] in an evaluation of 4 apps
for type 2 diabetes management. Further studies have also found
usability challenges with data format on mHealth
self-management systems [102-104], such as difficulty
interpreting or understanding data in its current format [104].
A useful digital self-management system should display data
trends and patterns, specifically showing which data are normal
or abnormal. Usability issues with data formats thus prevent
patients from understanding their data [105,106], thereby
limiting their self-management capabilities.

Our review also identified limitations in the functionality of the
systems as another usability concern across the included studies.
Previous reviews of general diabetes self-management apps
have highlighted important missing functionality, including
automatic transfer of BG data from a glucometer to a mobile
app, personalized diabetes management advice [107], prevention
of errors [108], freedom to edit or remove data entries and
appointments, and the ability to automate common tasks [109].

The limited functionality of diabetes self-management systems
can be considered a usability problem [109] and is likely to
result in these systems failing to meet users’ needs [107].
Addressing these functionality limitations would mitigate some
of the usability challenges and help users optimize their
engagement and interaction with these systems.

Quantitative evaluation of GDM self-management apps in the
studies by Jo and Park [13] and Gianfrancesco et al [74] yielded
SUS scores just below and above the acceptable threshold,
respectively. Unsurprisingly, previous studies that used the SUS

questionnaire to evaluate diabetes self-management apps in
different domains have received similarly poor ratings
[101,110,111]. Similar to this systematic review, these previous
studies used guidance from Bangor et al [85] to interpret the
SUS scores, with most apps falling below the acceptable range.

Our quantitative analysis identified the need to improve the
usability of GDM self-management systems. However, with
the limited number of papers providing a quantitative usability
evaluation, the heterogeneity of questions assessing satisfaction
and the variation in systems being assessed, it is difficult for
quantitative studies to identify where the improvement of
usability and user satisfaction should be focused. Therefore, it
is an aspect that needs further investigation.

Discouragement Factors for the Use of Technology
Despite the perceived benefits of GDM technology, our analysis
revealed technical problems as a prevalent barrier across the
included studies. Previous studies have reported similar technical
problems when using eHealth and self-management systems
[102,112-115]. Moreover, a previous systematic literature review
by Simblett et al [116] identified technical problems as one of
the most significant barriers to using mHealth technologies.
The most common technical problems in their review were app
disappearance, loss of power, restarting without warning, not
receiving notifications, receiving them at the wrong time, and
having a difficult connection. Indeed, 2 participants withdrew
from one of the included studies because of difficulties with
internet connectivity. Parallel to the findings of this review,
technical problems were the cause of reducing participants’
motivations [112,113] and even the cause of leaving the study
by participants with other health conditions [114,116].

In addition to technical problems, the privacy of personal health
information was a concern for some women. Simblett et al [116]
also reported privacy concerns in one of the included studies.
Although the use of advanced encryption algorithms and
pseudoanonymization of personal data should address security
and privacy challenges at the system level, it is important for
future GDM systems to effectively communicate good security
practices to reassure new users [117].

Although most women across all studies were interested in using
self-management technology, some suggested that their HPs
were disinterested. Similarly, Wake et al [118] recognized the
lack of awareness and adoption of technology by HPs as an
important barrier to using eHealth for diabetes self-management
[118]. HPs’ difficulty to accept technology was experienced in
previous studies [119-121], influenced by difficulty integrating
it with their workflow [102,121], lack of integration with the
medical record system [120], or a lack of technical knowledge
[116]. Further work is required to involve HPs in the design
and development of GDM technology more effectively to reduce
this barrier.

Limitations and Further Work
The strengths of this review were its application of a rigorous
process in paper selection and summarizing results that include
both qualitative and quantitative data to cover a wide scope of
understanding. Although this systematic literature review was
conducted by the first author, we mitigated the potential for bias
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through a double screening of a proportion of papers’ citations
(title and abstract) by the entire research team, in line with
previous systematic literature reviews published in JMIR. Two
of the authors were also involved in theme development and
the methods and results were reviewed by all authors.

Thematic analysis was restricted to the qualitative data contained
in the papers (19/26, 73%). It is possible that the authors of the
included studies did not report significant results. However, it
is unlikely that the key findings were not reported in the original
papers.

The details of the methods and methodologies applied were
limited in some studies. The available evidence is also limited
by several factors. First, some studies used small sample sizes.
Methodologically robust trials of greater sizes are needed to
confirm the findings of our review. Second, the number of
quantitative studies that measured usability was limited. Third,
most of the evaluations of satisfaction did not address the
validity and reliability of the satisfaction questionnaires.
Furthermore, some questions in the satisfaction questionnaires
were generic. Using standard evaluation tools and valid
questionnaires would offer consistent and robust results across
different studies.

Overall, further work is required to improve the usability of
GDM self-management systems. There is a need to evaluate
the systems using various usability approaches [109,122,123]
and larger samples to obtain broader usability perceptions and
identify problems with the systems. Furthermore, more engaging
elements in a GDM self-management system are needed to
develop better emotional support for women. Work is needed
to improve peer communication to develop more support for
women with GDM.

Further work is also needed to assess the design and
development process of these GDM self-management
technologies that might help identify the source of these usability
challenges.

Conclusions
This is the first systematic literature review to carry out a
comprehensive review of the perspectives of HPs, women with
GDM, and postpartum women who have had GDM about using
technology for GDM self-management during pregnancy.
Despite the existence of several studies on technology and
GDM, information about the perceptions of women with GDM
and HPs regarding GDM self-management technology is limited.
More rigorous studies are needed to reveal evidence-based
barriers to and facilitators of using existing GDM
self-management systems.
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Abstract

Background: Several systematic reviews evaluating the use of telemedicine by clinicians, patients, and health authorities to
improve the delivery of care in the 53 member states of the World Health Organization (WHO) European Region have been
conducted in recent years. However, a study summarizing the findings of these reviews has not been conducted.

Objective: This overview of systematic reviews aimed to summarize findings regarding the use of telemedicine across the 53
member states and identify the medical fields and levels of care in and at which the effectiveness, feasibility, and applicability
of telemedicine have been demonstrated. The barriers to and facilitators of telemedicine use were also evaluated and collated to
help with the design and implementation of telemedicine interventions.

Methods: Through a comprehensive systematic evaluation of the published and unpublished literature, we extracted clinical,
epidemiological, and technology-related data from each review included in the study. We focused on evaluating the barriers to
and facilitators of the use of telemedicine apps across the 53 member states considered. We rated the methodological quality of
each of the included reviews based on A Measurement Tool to Assess Systematic Review 2 approach and judged the overall
certainty of evidence by using the Grading of Recommendations, Assessment, Development, and Evaluations methodology. The
entire process was performed by 2 independent authors.

Results: This overview drew on data from >2239 primary studies, with >20,000 enrolled patients in total, within the WHO
European Region. On the basis of data from randomized trials, observational studies, and economic evaluations from several
countries, the results show a clear benefit of telemedicine technologies in the screening, diagnosis, management, treatment, and
long-term follow-up of a series of chronic diseases. However, we were unable to pool the results into a reliable numeric parameter
because of the high heterogeneity of intervention methodologies, scheduling, primary study design discrepancies, settings, and
geographical locations. In addition to the clinical outcomes of the interventions, the social and economic outcomes are highlighted.

Conclusions: The application of telemedicine is well established across countries in the WHO European Region; however,
some countries could still benefit from the many uses of these digital solutions. Barriers related to users, technology, and
infrastructure were the largest. Conversely, the provision of health services using technological devices was found to significantly
enhance patients’ clinical outcomes, improve the long-term follow-up of patients by medical professionals, and offer logistical
benefits for both patients and health workers.
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Trial Registration: PROSPERO (International Prospective Register of Systematic Reviews) CRD42022309375;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=309375

(J Med Internet Res 2022;24(10):e40877)   doi:10.2196/40877
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Introduction

Telemedicine is an accessible, cost-effective medical system,
delivering high-quality care and reducing overall morbidity and
mortality [1,2]. Telecommunications have benefited
patient-related outcomes, improved health workers’
performance, reduced health workers’workload, and decreased
the isolation of health care professionals in remote locations
[3,4]. Remote clinical care has increased, particularly during
the COVID-19 pandemic [5-7]. The pandemic decreased
in-person outpatient consultations and consequently increased
telehealth legislation and public health guidance, which
indirectly contributed to decline in transmissibility and mortality
rates [8-10].

In the World Health Organization (WHO) European Region,
an extensive body of literature has recently been produced,
evidencing multiple positive health-related outcomes and the
creation of integrated and finely structured remote health
counseling programs [11-15]. European Union countries are
covered by the European Commission’s digital policies and
priorities, which provide a common framework for digital
interventions [16]. In addition, the European Commission
provides funding programs to develop and implement these
guidelines. No study has collated and summarized the available
evidence to indicate the status of telemedicine in Europe.
Therefore, this overview of systematic reviews aims to
summarize findings regarding the use of telemedicine across
the 53 member states of the WHO European Region and to
identify the medical fields and levels of care in and at which
the effectiveness, feasibility, and applicability of telemedicine
have been demonstrated. The barriers to and facilitators of
telemedicine use were also evaluated and collated to help with
the design and implementation of telemedicine interventions.

Methods

Overview
The protocol for this overview of systematic reviews was
published on February 17, 2022, in PROSPERO (International
Prospective Register of Systematic Reviews; CRD42022309375;
Multimedia Appendix 1). There were no substantial deviations
from the proposed methodology. We adhered to an adapted
version of the guidelines of the Cochrane Handbook for
Systematic Reviews of Interventions and followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement and the Preferred Reporting Items
for Overviews of Systematic Reviews checklist [17-19].

Ethical Considerations
This study relied on secondary data; therefore, no ethics
approval or patient consent was required.

Search Strategy
Five databases (PubMed, Embase, Web of Science, the Cochrane
Library, and Scopus) were searched from their inception to
February 14, 2022. The search strategy is presented in
Multimedia Appendix 2. All studies were processed in EndNote
X9 (Clarivate) and subsequently imported into Covidence. In
addition, we manually searched the first 2 pages of Google
Scholar results and reviewed shortlisted records to identify
additional studies. If a full-text study could not be obtained, a
ResearchGate request was sent to gain full access.

Selection Criteria
Two investigators independently assessed titles and abstracts
and analyzed appropriate studies through full-text evaluation.
Cochrane and non-Cochrane systematic reviews with or without
meta-analyses were included if they had adequately displayed
the status of telemedicine among the 53 member states of the
WHO European Region or reported on the barriers to and
facilitators of the use of such technologies, regardless of
publication data and the primary language. Reviews were
considered eligible if >50% of the primary studies originated
from the WHO European Region [20]. As telemedicine solutions
and the publication time for manuscripts increased during the
pandemic, we considered preprints and unpublished data.
Exclusion criteria were (1) study unrelated to telemedicine, (2)
study full text unavailable on the web, and (3) the scope of
interventions does not include the WHO European Region. Any
disagreement was resolved by discussion a third reviewer. We
classified selected studies into systematic reviews (with or
without meta-analyses), scoping reviews, and “others” (studies
that were not classified into either of the 2 previously mentioned
designs yet used a comprehensive execution methodology).

Data Extraction and Management
Two investigators independently extracted data by using Excel
(Microsoft). A third party resolved discrepancies. The data
extraction form (Multimedia Appendix 3) contains review
identification features, telemedicine specialty, medical specialty
or disease focus, countries and settings of focus, sample size,
the main findings, barriers, facilitators, and the main challenges
associated with the use of telemedicine.

Assessment of Methodological Quality
Two investigators independently appraised methodological
quality by using A Measurement Tool to Assess Systematic
Review 2 (AMSTAR 2). Discrepancies were resolved through
consensus. In addition to the systematic reviews of intervention
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trials, additional types of literature were included. Some
AMSTAR 2 ratings were therefore adjusted (Multimedia
Appendix 4 [21-53]). After rating each domain, overall
confidence in the results of the review were judged as “critically
low,” “low,” “moderate,” or “high.” Adherence ratings for the
transparency of the researchers’ judgments were reported, with
explanations for each item.

Data Synthesis and Evaluation of the Level of Evidence
Evidence was synthesized based on the core disease or condition
by using the International Classification of Diseases, 10th
edition (ICD-10). A comprehensive narrative description of the
characteristics and main findings was created and displayed in
summarization tables. Furthermore, significant barriers and
facilitators were presented, categorized, and discussed using
the tree-mapping method, which displays hierarchical data as
a set of nested rectangles. Limitations were also evaluated, and

the effect of publication and small-study biases on results was
considered. Finally, using an adapted version of the Grading of
Recommendations, Assessment, Development, and Evaluations
methodology, the evidence was assessed considering 5
modifiers: risk of bias in studies, inconsistency, imprecision,
indirectness, and publication bias [54].

Results

Overview
In total, 944 records were retrieved, including 9 duplicates. In
title and abstract screening, 806 publications were excluded. Of
the remaining studies, 96 were excluded. Therefore, 33 articles
were included in the final analysis. Additional records were
found after checking the reference lists of included reviews.
The overview flowchart is shown in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for new systematic reviews that include
searches of databases and registers only.

Characteristics of the Included Reviews
The characteristics of the included reviews are reported in in
Multimedia Appendix 5 [21-53]. A total of 33 reviews were
published between 2011 and 2022, mostly (17/33, 51%) between
2020 and 2021. The reviews were published in a range of

indexed journals in English, Portuguese, or German. Translation
support was sought through Cochrane TaskExchange. Regarding
primary studies, 23 out of 53 member states of the European
Region had at least one study evaluating the status of
telemedicine (the United Kingdom, 17/33, 52%; Italy, 15/33,
45%; Denmark, 13/33, 39%; the Netherlands, 13/33, 39%;
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Germany, 8/33, 24%; Norway, 8/33, 24%; Belgium, 6/33, 18%;
Austria, Finland, France, and Sweden, 5/33, 15%; Spain, 4/33,
12%; Greece, 3/33, 9%; Iceland, Poland, Switzerland, and
Türkiye, 2/33, 6%; and Albania, Ireland, Ukraine, Romania,
and the Russian Federation, 1/33, 3%). The included reviews
focused on various conditions or diseases, mainly those related
to mental and behavioral disorders (Chapter V of ICD-10; 4/33,
12%), diseases of the circulatory system (Chapter IX of ICD-10;
4/33, 12%), diseases of the respiratory system (Chapter X of
ICD-10; 4/33, 12%), diseases of the nervous system (Chapter
VI of ICD-10; 3/33, 9%), and diseases of the skin and
subcutaneous tissue (Chapter XII of ICD-10; 3/33, 9%). Of the
33 studies, 12 (33%) were classified as “multifocal studies”
because they assessed multiple conditions or diseases and could
not be assigned to just 1 chapter of the ICD-10.

Population and Study Designs
A total of 2239 primary studies were characterized as
observational, interventional, medical, and economic
modeling-based analyses and mixed methods studies.

Publication designs were mostly “systematic reviews without
meta-analyses” (19/33, 58%), “scoping reviews” (8/33, 24%),
“others” (3/33, 9%), and “systematic reviews with
meta-analyses” (3/33, 9%). Not all reviews specified the number
of patients, but the data suggest that there were 61,589 patients.

Quality and Certainty of Evidence in Individual
Systematic Reviews
The results of the AMSTAR 2 assessment showed that the main
methodological weaknesses were a lack of protocol registration,
no evaluation of the overall risk of bias by using validated
approaches, a lack of disclosure and justification of excluded
studies, and the absence of detailed reporting of the critical
characteristics of the included reviews (Table 1). In summary,
88% (29/33) of the systematic reviews were judged to deliver
“critically low” quality evidence and 12% (4/33) “low” quality
evidence. None of the reviews produced high- or
moderate-quality evidence. Therefore, confidence in the overall
tendency of the effect was limited (Multimedia Appendix 6).
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Table 1. Reliability of included reviews based on A Measurement Tool to Assess Systematic Review (AMSTAR 2) judgmentsa.

Overall quality16q15p14o13n12m11l10k9j8i7h6g5f4e3d2c1bReview ID (reference)

Very LowvYNMACNNNMACNMACuNNNNYYPYNtPYsYrAllner et al [21]

Very LowvYYNNNYNYNNYYPYYNYBrunetti al [22]

Very LowvYNYNNYYYPYNYYNYPYYCarbo et al [23]

Very LowvYNMACNNNMACNMACNYPYNNNPYYNYCordes et al [24]

LowwYNMACNNNMACNMACNNYNYYPYYNYCruz et al [25]

Very LowvYNMACNNNMACNMACNNPYNNYPYYNYElbaz et al [26]

Very LowvYNMACNYNMACNMACNYPYNYYPYYNYFarabi et al [27]

Very LowvYNMACYNNMACNMACNYYNYYPYYNYGaveikaite et al [28]

Very LowvYNMACNNNMACNMACNNNNYYPYYNYGlinkowski et al [29]

Very LowvYNMACNNNMACNMACNNYNYYPYYNYHallensleben et al [30]

Very LowvYNMACNNNMACNMACNNPYNYYPYYNYHartasanchez et al [31]

Very LowvYNMACNYNMACNMACNYYNYYPYYNYHrynyschyn et al [32]

Very LowvYNMACYNNMACNMACYNPYNYYPYYPYYKaramanidou et al [33]

Very LowvYNMACYNNMACNMACNNNNNYPYYPYYKierkegaard et al [34]

Very LowvYNMACYNNMACNMACNNPYNYYPYYPYYKingsdorf et al [35]

Very LowvYNMACNNNMACNMACNNPYNNNPYYNYLabiris et al [36]

Very LowvNNMACNNNMACNMACNNPYNNNNYPYYMaresca et al [37]

Very LowvYNMACYNNMACNMACNNYNYYNYPYYMartin et al [38]

LowwYYYYYYNPYYNYYPYYYYMcFarland et al [39]

Very LowvYNMACYNNMACNMACNNYYYYPYNPYYMold et al [40]

Very LowvYNMACYNNMACNMACNNPYNNNPYYPYYNielsen et al [41]

Very LowvYNMACYNNMACNMACNNPYNYYPYYPYYO’Cathail et al [42]

Very LowvYNMACNNNMACNMACNNPYNYYPYYNYOhannessian et al [43]

Very LowvYNMACYNNMACNMACNPYPYNNNPYYPYYPron et al [44]

Very LowvYNMACNNNMACNMACNNPYNYYPYYNYRaja et al [45]

LowwYYYYYYNPYYNYYYYPYYSimmonds-Buckley et al
[46]

Very LowvYNMACNNNMACNMACNNYNNNPYYNYSingh et al [47]

LowwYNMACYYNMACNMACYYPYNYYPYYYYTokgoz et al [48]

Very LowvYNMACNNNMACNMACNNNNNNPYNNYTrettel et al [49]

Very LowvNNMACYNNMACNMACNNYNYYPYYPYYUdsen et al [50]

Very LowvYNMACNNNMACNMACYNNYYYPYYNYVerma et al [51]

Very LowvYNMACNNNMACNMACNNNNYYPYNPYNWillard et al [52]

Very LowvYNMACYNNMACNMACNPYPYNYYPYYPYYZanin et al [53]

aJudgments were made by 2 overview authors based on AMSTAR 2, a critical appraisal tool for systematic reviews that include randomized or
nonrandomized studies of health care interventions or both.
bDomain 1—Did the research questions and inclusion criteria for the review include the components of PICO (Patients, Intervention, Comparator, and
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Outcomes)
cDomain 2—Did the report of the review contain an explicit statement that the review methods were established before the conduct of the review and
did the report justify any significant deviations from the protocol?
dDomain 3—Did the review authors explain their selection of the study designs for inclusion in the review?
eDomain 4—Did the review authors use a comprehensive literature search strategy?
fDomain 5—Did the review authors perform study selection in duplicate?
gDomain 6—Did the review authors perform data extraction in duplicate?
hDomain 7—Did the review authors provide a list of excluded studies and justify the exclusions?
iDomain 8—Did the review authors describe the included studies in adequate detail?
jDomain 9—Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the
review?
kDomain 10—Did the review authors report on the sources of funding for the studies included in the review?
lDomain 11—If meta-analysis was performed, did the review authors use appropriate methods for statistical combination of results?
mDomain 12—If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the
meta-analysis or other evidence synthesis?
nDomain 13—Did the review authors account for RoB in individual studies when interpreting or discussing the results of the review?
oDomain 14—Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?
pDomain 15—If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small-study bias)
and discuss its likely impact on the results of the review?
qDomain 16—Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?
rY: methodological requirements met.
sPY: methodological requirements partly met.
tN: methodological requirements not met.
uNMAC: no meta-analysis conducted.
vXX: studies rated as “critically low.”
wX: studies rated as “low.”

Systematic Review Findings
The identified interventions were mainly telephone- and
videoconferencing-based methodologies, although they also
included mobile apps and exchanges of medical test results
(Multimedia Appendix 7 [21-53]). Most studies focused on the
effectiveness of telemedicine interventions. The studies
demonstrated that, as telemedicine was effective in reducing
time to access treatment (1/33, 3%; Chapter IX of ICD-10),
time for clinical decisions (1/33, 3%; Chapter IX of ICD-10),
unnecessary repeated examinations (1/33, 3%; Chapter VII of
ICD-10), length of stay in hospital (1/33, 3%; Chapter IX of
ICD-10), number of emergency visits (1/33, 3%; Chapter X of
ICD-10), and the number of false positives (1/33, 3%; Chapter
VII of ICD-10) and also provided more accurate diagnoses
(2/33, 6%; Chapter XII of ICD-10), it improved some clinical
outcomes such as anxiety and depression in mental health
disorders (2/33, 6%; Chapter V of ICD-10), neurological
symptoms (1/33, 3%; Chapter VI of ICD-10), , exacerbation
rates in patients with chronic obstructive pulmonary disease
(1/33, 3%; Chapter X of ICD-10), wound healing time in some
skin diseases (1/33, 3%; Chapter XII of ICD-10), and aphasia
symptoms (1/33, 3%; Chapter XVIII of ICD-10). Moreover,
telemedicine was reliable and sensitive for detecting changes
in cognition over time (1/33, 3%; Chapter V of ICD-10) and
improving patients’ quality of life (2/33, 6%; Chapter X of
ICD-10; 1/33, 3%; Chapter VI of ICD-10; and 1/33, 3%; Chapter
XXI of ICD-10) and quality-adjusted life years (1/33, 3%;
Chapter IX of ICD-10).

Nonsignificant or inconclusive effects were found for other
outcomes, such as mortality rates in circulatory and skin diseases
(2/33, 6%; Chapter IX of ICD-10; 1/33, 3%; Chapter XII of
ICD-10), the number of excisions in skin diseases (1/33, 3%;
Chapter XII of ICD-10), and the number of hospital admissions
(1/33, 3%; Chapter IX of ICD-10; 2/33, 6%; Chapter X of
ICD-10).

A total of 5 studies evaluated the usability and acceptance of
telemedicine by medical personnel and patients with multiple
morbidities, as well as their satisfaction with it. High
acceptability was primarily because of cost reduction compared
with standard care, convenience, improved follow-up, adherence
to planned treatment, and time-saving. A study reported
telehealth’s cost-effectiveness, finding no statistically significant
difference between standard care and telehealth care.

Barriers to and Facilitators of the Use of Telemedicine
Interventions
The barriers, facilitators, and main challenges associated with
the use of telemedicine are reported in Multimedia Appendix
8 [21-53]. Barriers and facilitators were grouped into the
following domains: individual; organizational; clinical;
economic; technological; and ethics, security, and privacy issues.
Most barriers were in the individual domain, followed by
technological; organizational; clinical; and ethics, security, and
privacy issues domains, and finally the economic domain. Most
facilitators were in the individual domain, followed by
organizational and clinical domains, and then technological;
economic; and ethics, security, and privacy issues domains
(Table 2).
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Table 2. List of barriers to and facilitators of the implementation of telemedicine across the 53 member states of the World Health Organization
European Region and the main methodological limitations of the included studies.

FacilitatorsBarriersDomain

Individual domain •• Patient empowerment [31,35,51]Shortcomings in technology-related knowledge and
skill [21,24,41,45,51] • Participatory design [33,35,41,42]

• Resistance to change [40,42,49,51] • Motivation and engagement [31,36,42,51]
• Patients’ age [24,40,41,45] • Convenience [40,51,53]
• Lack of motivation or support [36,45,51] • Patients’ age [24,41,45]
• Lack of confidence [49,51] • Trust in technology [35,45]
• Challenges for individuals with disabilities [26,51] • Patients feel safe and empowered to discuss personal issues

[51]• Patients’ preference for face-to-face consultations
[40,41,51] • Physicians’ training and skills [31,45]

• Low satisfaction [21,51] • Satisfaction [36,51]
• Language barriers [41,51] • Adoption of digital culture [52]
• Lack of acceptance [52] • Patients sharing their experiences [45]
• Lack of usefulness [41]
• Less personal contact through telemedicine [39]
• Invasiveness [39]
• High attrition rate [35]

Organizational domain •• Reduction in response time [40,51,53]The lack of integration into clinicians’ workflows
[31,42,44,51] • Integration into clinicians’ workflows [31,42]

• Socioeconomic aspects (financial limitations)
[24,25,31,40]

• Decrease in workload [37,51]
• Access to a helpful caregiver and insights into patient’s

home environment [45,51]• Lack of access to a helpful caregiver [26,39,45]
• Sociocultural aspects [21,40] • Pandemic- created acceptance of technology [51]
• Increase in workload [51] • Increased adherence [51]
• Scheduling conflicts [31] • Coordination between healthcare levels [52]
• Lack of governance [52] • Telemedicine champions [34]
• No appropriate Health Information Systems frame-

work [49]
• Organizational issues creating barriers to long-term

implementation [26]

Clinical domain •• Clinical and professional benefits [33,34,51]Limited scientific evidence [29,30,32,33,35]
• •Patient recruitment barriers and low rates of patient

participation [28,46]
Assessment after a specified period with service evaluations,
including feedback from key stakeholders [33,42]

•• Multidisciplinary care team interventions [33]Difficulty in making clinical decisions [49,51]
• •Changes to consultation protocols [51] The establishment of guidelines [49]

•• Reduction in the number of visits [36]Insufficient consultation time [51]
• •Loss of physical and visual assessment of symptoms

[51]
Frequent and multimodal communication between the health
care professional and patient [38]

• Greater safety and efficacy [42]
• Better monitoring of cases [51]

Economic domain •• Financial framework [49,51]Elevated cost of implementation [23,27,45]
• •Lack of funding model [34,42,43,51] Financial benefits [34,45]

•• Cost savings [36]Scarce economic benefits [21]

Technological domain •• Usability and user satisfaction factors [31,33,45]Issues with internet access [24,26,31,35]
• •Technology needs further development [23,37,45] Internet availability [31,35]

•• Possibilities of technology development [52]Usability factors [25,31,41]
• •Issues with information technology and systems in-

frastructure [25,42]
Accessibility support [31,35]

• Adaptable and self-configurable [52]
• Concerns about the reliability of the technology

[21,41,45]
• Issues surrounding infrastructure [44]
• Conflicts of interoperability [52]
• Difficulties in implementation and follow-up over

a longer period [27]
• Difficulties in readability [25]
• Limited accessibility to electronic devices [24]

Ethics, security, and
privacy issues

•• Legal framework [49]Private data security concerns or issues [38,45,51]
• Regulatory concerns or issues [21,44,49]
• Concerns about patient and staff safety [21,41]
• Ethical aspects [21]
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Discussion

Principal Findings
This overview of systematic reviews shows a substantial and
unprecedented collection of findings, as it included relevant
data from >2239 primary studies, with >20,000 enrolled patients
in total, within the WHO European Region. On the basis of data
from observational studies, randomized trials, and economic
evaluations from several European countries, the results showed
a clear benefit of telemedicine interventions in the screening,
diagnosis, management, treatment, and long-term follow-up of
a range of clinically and epidemiologically significant diseases.

The telemedicine technological solutions addressed have proven
to be valid, reliable, and accurate in providing faster access to
expert advice, decreasing the number of unnecessary specialist
referrals and in-office consultations, as well as increasing patient
satisfaction experience. In a comprehensive literature review
of studies from the United States, Canada, Brazil, and Australia,
Liddy et al [55] reported an increasing number of medical
specialties adopting innovative health solutions in daily practice.
This overview of systematic reviews has highlighted the
scientific priority of research in the evaluation of disease-related
clinical, economic, and social outcomes, focusing on medical
conditions considered chronic diseases, such as mental,
cardiovascular, and respiratory diseases [56].

Most studies were concentrated in European countries (such as
Germany, Italy, Spain, and the United Kingdom), while Eastern
Europe (such as Albania, Croatia, and Ukraine) was not
evaluated in any study. Countries developing digital health
implementation must consider leadership, governance, strategy,
investment, infrastructure, legislation, policy, compliance,
workforce, services, and apps in their digital health strategies.
The 2015 WHO Global Survey on eHealth [57] revealed that
38% of the member states had not developed national telehealth
policies or strategies, and 49% did not have mHealth programs
[58,59].

Several studies reported barriers and facilitators that should be
considered when planning and implementing telemedicine
interventions. The individual domain was found to be the most
influential in the use of telemedicine interventions, giving place
to a greater number of barriers and facilitators. Shortcoming in
technology-related knowledge and skills was the main challenge
cited, followed by health care professionals’ resistance to
procedural change [60-62]. According to some studies, the lack
of technological applications integrated into clinicians’practice
exacerbated this, resulting in scheduling conflicts and affecting
the quality of delivery. The presence of clinician champions
working alongside other health care professionals might promote
service adoption [63,64].

In this overview, health care professionals had heavy workloads
that seemed to influence resistance by overshadowing benefits
[61,65]. Conversely, integrating telemedicine into clinicians’
workflows, establishing guidelines, and increasing coordination
among the levels of care were organizational changes required
for the proper adoption of telemedicine [66]. In addition, training
and skills mitigated the shortcomings in knowledge and skills,

enabling health care professionals to use telemedicine easily
[67,68]. These potential barriers should be identified early in
the process of planning the implementation of changes.
Physicians’and patients’needs, characteristics, acceptance, and
satisfaction must be further assessed through research informed
by the technology acceptance model [69], unified theory of
acceptance and use of technology [70], theory of planned
behavior [71], and theory of organization and environment [72]
and so too must the reliability, usefulness, and ease of use of
technologies [73]. This will enable the formulation of strategies
to avoid resistance to change [74].

Many clinical factors have been shown to influence the success
of telemedicine in the WHO European Region, mainly the lack
of definitive scientific evidence on its clinical contribution.
Others included management, care delivery, and outcomes for
a particular pathology. More research was considered necessary
to provide evidence of both the clinical benefits of telemedicine
and improved case monitoring [75].

Telemedicine resistance was reported as often being due to
patients’ lack of confidence, lack of motivation or support, or
sociocultural aspects [76-78]. A feeling of having less personal
contact with the clinician, lack of access to a helpful caregiver,
and face-to-face preference hindered patients’ use of
telemedicine [79-81], but shortcomings in technology-related
knowledge and skills posed the main challenge [62,82].
Conversely, patient motivation, engagement, and empowerment
were considered the main facilitators, enabling patients to use
telemedicine easily [78,83-85]. Access to a helpful caregiver,
insight into the home environment, and adoption of digital
culture might reduce resistance, as the pandemic has shown
[86]. Patients who trusted technology and were satisfied with
web-based consultations showed no resistance to telemedicine,
felt safe and empowered to discuss personal issues, and had
experiences similar to those with face-to-face consultations.
However, better response time was one of the largest facilitators
of telemedicine. Web-based consultation also promoted
increased adherence, indicating a correlation between
telemedicine compliance and convenience [87,88].

However, patients with disabilities or older patients encountered
difficulties when using telemedicine [89], which increased their
reluctance to use it. Patients’age was also considered a potential
facilitator, especially among younger individuals [90]. Frequent
and multimodal communication between health care
professionals and patients, as well as patients sharing their
experiences, might reduce the aforementioned difficulties
[91,92].

Access to funding and the high costs associated with
implementation were economic barriers. Similarly,
socioeconomic aspects emerged as obstacles to the functional
integration of telemedicine apps. The implementation of a
financial framework must be considered. However, outcomes
were positive when technology was financially beneficial
[93-95].

Internet access, technology development, usability,
infrastructure, and interoperability were the main barriers to
telemedicine intervention delivery, usability, and user
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satisfaction, while the availability of technology development
was a mediator and facilitator [96].

The most common barriers associated with ethics, security, and
privacy issues were privacy and data security and data-related
regulatory concerns [97,98]. Health care professionals and
patients also raised concerns about safety, especially with mobile
medical apps. According to the 2015 WHO Global Survey on
eHealth, 80% of the member states had laws to protect individual
health data, but 53% had none in place to allow individuals to
access their own data; only 43% had policies or legislation
regarding medical jurisdiction, liability, or compensation
[58,79]. However, only 1 study highlighted the need to establish
a legal framework to ensure that new telemedicine technologies
complied with the constitution, legislation, regulations, and
existing contracts [49]. The WHO European Region and
European Commission have focused their policies on data
exchange and regulatory aspects and now offer a series of
frameworks and recommendations that national health plans
should include to ensure the success of telemedicine and digital
health as a whole. These are the cases of the European Health
Information Initiative fostered by the WHO European Region,
which aims to harmonize the health information gathered in
European countries, and the European Commission’s European
data strategy, which promotes the creation of a single market
for data, including health data [99]. However, other relevant
aspects, such as clinical, organizational, and human factors,
have either been disregarded or do not have a clear direction.
This scenario poses a considerable challenge for the formulation
of public policies and strategies by health care institutions,
where decisions on telemedicine use should not be overlooked.

Finally, based on the solid effectiveness telemedicine
technologies can deliver, policy makers and stakeholders should
not only facilitate the implementation of these applications but
also recognize and tackle drawbacks to maximize the likelihood
of use success. Research is confronted with the challenge of
producing such evidence, a prerequisite for the generalized
adoption of telemedicine. Nevertheless, none of the included
studies reached “moderate” or “high” reporting quality based
on the AMSTAR 2 methodology. Studies have rarely reported
items considered critical for assessing the methodological quality
of systematic reviews. The existence of such reporting
inappropriateness significantly affected our results, as the overall
quality of the evidence was directly affected by the overall
limited reporting quality of the included reviews. Notably,
several other evidence makers have emphasized the occurrence
of systematic reviews with poor or very poor reporting
completeness [100,101]. As a partial solution to this issue, we
strongly suggest the need to adhere to the basic principles used
among high-quality evidence researchers, with considerable
attention paid to critical features (protocol registration before
project initiation, appropriate search strategy and literature
search, rationale for excluding studies, risk of bias appraisal of
included studies, appropriateness of meta-analytical methods
[when pertinent], consideration of risk of bias in interpreting
review findings, and assessment of publication bias). Thus, by
appropriately using core reporting features, systematic reviews

(and consequently, overviews of systematic reviews) can guide
decisions on accurate, succinct, credible, and comprehensive
summaries of the best available evidence on a topic.

Limitations
A total of 5 databases were explored, focusing only on
systematic reviews, meta-analyses, and bibliometric analyses,
thus limiting the exhaustivity of the search. Furthermore,
although we initially identified almost 1000 studies for
screening, our overview found only 33 reviews meeting our
inclusion and exclusion criteria. Consequently, the
representativeness of our findings can be questioned considering
the number of primarily identified records. However, despite
using a highly sensitive search strategy, designed with
collaboration between a field specialist and librarian, the “over
retrieval” of records might not only associate with wrong
selection of identifiers and keywords by systematic review
authors but also reflect indexation issues. In addition, this could
also reflect the absence of a reliable description of methods used
throughout study execution (resulting in the exclusion of
shortlisted records) and the scarcity of investigations on this
particular subject of study. The information sources were
peer-reviewed publications; therefore, some relevant information
from other sources (eg, gray literature) may have been missed.
Lower quality scores based on AMSTAR 2 may have reflected
incomplete reports rather than unqualified review methods, such
as some aspects not considered by the authors; for example, a
lack of protocol registration or clarity on the characteristics of
the included and excluded studies.

Conclusions
The results underscore the need to design dynamic approaches
for telemedicine interventions in the WHO European Region.
Potential barriers should be identified early in the process. The
barriers and facilitators identified in this overview, as well as
their influence, should be further investigated because only clear
evidence will support the formulation of strategies to avoid
resistance to change [74]. Poorer nations should also be included
to benefit from emerging health technologies and to avoid
geoeconomic research bias [102-104]. The WHO European
Region and European Commission have developed several
initiatives to foster the development and implementation of
telemedicine. These include some that are more general, such
as the inclusion of telemedicine and digital health as a key aspect
in their policy frameworks (eg, Global Strategy on Digital
Health 2020-2025 by the WHO) and others that are more
focused on implementation (Horizon 2020 and Horizon Europe
funding programs and the European Reference Networks) [99].
The WHO European Region will continue leveraging the
potential of telemedicine in the context of the Digital Health
Action Plan for the WHO European Region (2023-2030), which
was adopted in September 2022. In the context of these policy
frameworks, these initiatives recognize not only the power of
telemedicine to break down geographical barriers and expand
access to health services but also the need for mechanisms to
mitigate barriers and risks.
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Abstract

Background: The workload in health care is increasing and hence, mental health issues are on the rise among health care
professionals (HCPs). The digitization of patient care could be related to the increase in stress levels. It remains unclear whether
the health information system or systems and digital health technologies (DHTs) being used in health care relieve the professionals
or whether they represent a further burden. The mental construct that best describes this burden of technologies is mental workload
(MWL). The measurement methods of MWL are particularly relevant in this sensitive setting.

Objective: This review aimed to address 2 different but related objectives: identifying the factors that contribute to the MWL
of HCPs when using DHT and examining and exploring the applied assessments for the measurement of MWL with a special
focus on eye tracking.

Methods: Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 statement, we
conducted a systematic review and processed a literature search in the following databases: MEDLINE (PubMed), Web of Science,
Academic Search Premier and CINAHL (EBSCO), and PsycINFO. Studies were eligible if they assessed the MWL of HCPs
related to DHT. The review was conducted as per the following steps: literature search, article selection, data extraction, quality
assessment (using the Standard Quality Assessment Criteria for Evaluation Primary Research Papers From a Variety of Fields
[QualSyst]), data analysis, and data synthesis (narrative and tabular). The process was performed by 2 reviewers (in cases of
disagreement, a third reviewer was involved).

Results: The literature search process resulted in 25 studies that fit the inclusion criteria and examined the MWL of health care
workers resulting from the use of DHT in health care settings. Most studies had sample sizes of 10-50 participants, were conducted
in the laboratory, and had quasi-experimental or cross-sectional designs. The main results can be grouped into two categories:
assessment methods and factors related to DHT that contribute to MWL. Most studies applied subjective methods for the assessment
of MWL. Eye tracking did not play a major role in the selected studies. The factors contributing to a higher MWL were clustered
into organizational and systemic factors.

Conclusions: Our review of 25 papers shows a diverse assessment approach toward the MWL of HCPs related to DHT as well
as 2 groups of relevant contributing factors to MWL. Our results are limited in terms of interpretability and causality due to
methodological weaknesses of the included studies and may be limited by some shortcomings in the search process. Future
research should concentrate on adequate assessments of the MWL of HCPs dependent on the setting, the evaluation of quality
criteria, and further assessment of the contributing factors to MWL.

Trial Registration: PROSPERO (International Prospective Register of Systematic Reviews) CRD42021233271;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42021233271

(J Med Internet Res 2022;24(10):e40946)   doi:10.2196/40946
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Introduction

Background
The decrease in nursing staff with the simultaneous increase in
patients with multiple morbidities in need of care means an
increase in workload of the remaining nursing staff. The
digitization of health care in theory should help to counteract
this change and its consequences. However, in Germany in
particular, the process is proceeding very slowly; Germany is
ranked 16th out of 17 countries in the Bertelsmann Digital
Health Index [1]. The application of digital health technology
(DHT) is an important factor in the digitalization process. DHTs
in the context of this review means technologies that are directly
linked to outpatient and inpatient care and are implemented by
nurses or physicians. By DHT, we mean, for instance, health
information systems (HISs), medical devices, and other digital
applications that support patient care from the perspective of
health care professionals (HCPs).

In addition to the positive effects of the use of DHT, there is
also evidence which suggests that its use can cause extra
workload [2] and can consequently have a negative impact on
HCPs’health [3]. However, it remains ambiguous which factors
are specifically responsible for a high mental workload (MWL)
during the use of DHT. Initial results show that this may be
because of a lack of usability and user involvement as well as
poor implementation processes [4,5].

Poor usability and other factors rooted in technology can cause
a high MWL [5]. High workloads can cause errors independent
of the operators status (novice or expert). Those errors often
results form decision-making processes. [6]. When working
with patients, however, susceptibility to errors as well as
indecisiveness cannot be an option. Working in outpatient and
inpatient care can be considered as working in safety-critical
environments. Many tasks, varying in complexity, occur within
limited time windows. Decisions could be supported by different
DHTs through the structured and standardized presentation of
information.

The interaction between the users and the systems is complex
and interdependent, which contributes to difficulties in the
prediction of effects related to the systems on the users [7].

Wickens et al [8] give a good practical example for this effect.
During surgery, different complex tasks have to be performed
by the surgeon in addition to observing the patient. In the event
of a sudden change in the patient's vital signs, which can be
potentially life-threatening, the surgeon has to promptly take
an appropriate decision on how to proceed. Complex demands
could result in an overload if they exceed the capacity of

attentional resources [7]. Consequences of overload are an
increasing vulnerability to errors and decreasing performance.
In addition to serious consequences for patients, an overload
also has drastic effects on employees. High workloads caused
by several factors (including technology) result in consequences
regarding the workers’health; technostress, mental health issues
such as depression or burnout, and decreased job satisfaction
are only a few of the alarming effects [9]. There is growing
evidence that DHTs are contributing to increasing mental health
problems, (eg, burnout of health care workers [10,11]). The
investigation of MWL in different situations is a possible
approach toward identifying the main causes behind, for
example, emerging incidences of burnout in physicians and
nurses [12].

Mental Workload
MWL can be defined using different approaches and is usually
influenced by different and multiple factors. It is
multidimensional and multifaceted and is one of the most
important variables for understanding and predicting human
performance.

The possible definitional approaches of workload can be derived
from two different perspectives:

1. MWL as an external variable referring to task requirements:
the amount of work and the number of tasks to be completed
(in a limited time), that is,
task load

2. Interaction between task and human resources resulting in
a subjective psychological experience [13,14]

Eggemeier et al [15] define MWL as the “proportion of the
operator’s information processing capacity or resources that is
actually required to meet system demands.” Gopher and Donchin
[16] state that “mental workload may be viewed as the difference
between capacities of the information processing system that
are required for task performance to satisfy performance
expectations and the capacity available at any given time.” They
define MWL as a latent variable relating to the interaction
between the operator and the task. As per Proctor [6], the
definition of MWL is “a task [that] represents the level of
attentional resources required to meet both objective and
subjective performance criteria, which may be mediated by task
demands, external support and past experience.”

In summary, there is no all-encompassing, universally accepted
definition of MWL. We define MWL as a construct that
addresses the influence of task demands on operator resources
resulting in an impact on psychological factors such as
performance (Figure 1) but not in the sense of stress or
acceptance.
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Figure 1. Task demands and limited resources result in different workloads and performance aspects. The optimal performance can be reached when
resources and demands are balanced and the level of mental workload is moderate. Figure 1 is based on the representation of the Yerkes-Dodsen law
[17].

Especially during work, inadequate workload results in poorer
performance [18]. Following the above definitions, a high
workload can either be caused by unsuitable task requirements
or by limited resources that are available in a cognitive manner,
for example certain parts of the brain. The aim of measuring
MWL is to determine the tasks and work processes that cause
adverse or inappropriate levels of demands to draw conclusions
about user performance as well as error prevention. Furthermore,
the measurement of MWL can help identify factors that cause
consequences such as technostress or burnout among nurses
and physicians [10].

Assessment of Mental Workload
MWL assessment was first developed and applied in other
safety-critical environments such as aviation or aerospace or
nuclear power plants. Owing to similar conditions—already
described—in the sociotechnical system, workload assessment
is also a useful approach in the clinical setting.

The assessment of MWL can be performed by different
techniques. A distinction between analytical and empirical
methods may be drawn. Analytical methods tend to be used in
system development, while empirical methods are used when
workload is to be measured directly in the executing system or
in the simulation [13].

Analytical assessment methods are simulation models, expert
opinions, or task analyses. Empirical methods are distinguished
into three different categories: performance measures, subjective
methods, and physiological techniques [6]. Performance
measures refer to the measures of the primary and a secondary
task.

Depending on the situation and the underlying question, one or
more of these techniques are appropriate to apply. Several
factors should be considered when selecting assessments,
including sensitivity, diagnostic ability, intrusiveness, validity,
reliability, simplicity of use, and user acceptance [19].

Tao et al [20] analyzed the physiological assessment of MWL
across different application areas. One main result was that
MWL assessments were not essentially valid in all areas, for
example, for all tasks and differed in their validity.

Charles and Nixon [21] provide an overview of physiological
measures that discriminate between different MWL levels. They
detect varying ranges in the sensitivity of these measures but
provide an evidence base for their deployment.

These reviews concentrate on physiological measures, not on
all possible assessments. Although physiological measures are
gaining relevance in the field of MWL assessment, methods
that can be applied quickly and easily can still probably be
helpful, especially in the health care sector.

Objectives
The workload in health care institutions is high. A possible
factor contributing to high workloads could be the use of DHT.

MWL is possibly the construct that can reflect best the workload
caused by technologies. There is only light evidence for causes
of MWL related to DHT. One reason might be that the health
care sector has not been in the spotlight for researchers of human
factors until now. To our knowledge, there currently is no review
of the measurement methods for MWL caused by DHT.

As a primary objective, this systematic review intends to identify
the impact of digital technologies, particularly HIS, on the
workload of health care workers.

There are specific reviews investigating physiological methods
assessing MWL as well as several papers studying the MWL
in health care in general. We aimed to present a broader
approach by looking at all methods that were used in the defined
field while providing a more specific approach in focusing on
DHT in particular, thus differing from already existing reviews
to this topic [20,21]. We concentrated on a review of applied
methods as well as their quality criteria. In addition (as
secondary objectives), we aimed to assess what methods are
being applied in health care to measure MWL relating to DHT.
In particular, the application of eye tracking or pupillometry as
a measurement method was investigated.

The research questions for this study are as follows:

1. In what manner do DHT contribute to the overall MWL of
health care workers and which aspects or factors of DHT
contribute to an increase in MWL?
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2. What are the methods or assessments being applied to
measure MWL related to HIS or digital technologies?
• What role does eye tracking or pupillometry play in

context of measurement?
• What outcomes are being assessed via eye tracking?

Rationale
Many different factors have led to a significant increase in
workload in the health care sector in the past few years [22].
Work-related stress has become one of the main challenges in
the health care sector [23]. Nurses in particular report high levels
of work-related stress that lead to negative physical and
psychological effects for them as well as for their patients [24].
Many nurses describe themselves as feeling empty and report
depressive symptoms [25,26]. In Germany in particular, the
number of days of sick leave taken by nurses is increasing every
year. In addition to musculoskeletal diseases, which account
for the majority of sick leaves, absences because of mental
illness are increasing significantly [27]. The past two years
(2020-2021) brought about many other challenges as well.

Methods

Study Registration
This systematic review is registered with PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42021233271) and follows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines [28].

Eligibility Criteria
We defined the inclusion criteria for this systematic review
according to the population, intervention, comparison, outcome,
context scheme and the corresponding research question or
questions. The inclusion criteria related to the study population,
measurement type (intervention or comparison), the outcome
of the study, and the study setting (context). An additional
inclusion criterion related to study design.

Study Design
This systematic review comprises 2 research questions. For
both of these, we have included randomized controlled trials
(RCTs), quasi-RCTs, case-control studies, and comparative
cross-sectional studies as well as longitudinal design studies
that either compare measurement methods for question 1 or
generally measure MWL in the context of HISs and DHT.

Study Participants
We focused on HCPs who worked with DHTs that are directly
related to patient care. These can be nurses, physicians,
radiology assistants, medical students, or other clinicians. It is
essential that the participants are supported by the HIS or DHT
in their daily work with patients. We excluded studies that
focused only on patients’ views on DHT use.

Intervention or Measurement
We included studies measuring MWL related to DHT that were
directly related to patient care. The studies should have
investigated whether there is a direct or indirect effect of DHT

on workers’ MWL. Because the second research question
evaluates the extent to which eye tracking is commonly used
as a measurement method, we put a special focus on the
inclusion of studies that apply eye tracking.

Study Setting
All types of study designs reporting original primary data as
well as systematic reviews that adhered to our other inclusion
criteria were included. We excluded commentaries, letters, and
guidelines as well as scoping and narrative reviews.

Exclusion Criteria
We excluded studies that focused on the measurement of MWL
in other contexts than health care (eg, aviation) as well as studies
that were related to the measurement of allied constructs such
as technostress or that focused on sources of MWL in health
care other than DHT. In addition, we did not include studies
that examined the workload of patients.

Outcomes
The primary outcome of this systematic review was to analyze
the influence of DHT on the MWL of HCPs and medical or
nursing students.

Secondary outcomes included the types of assessments that are
applied to measure MWL related to DHT. Additionally, we
examined the impact of eye tracking on the measurement of
MWL related to DHT.

Information Sources
The following databases were systematically searched between
January 20, 2021, and February 28, 2021, by using defined
keywords (and synonyms) such as “mental workload,” “health
information system,” “assessment,” “health care professionals”
and “eye tracking” that result in specified search strings (the
block chain is shown in Multimedia Appendix 1): MEDLINE
(PubMed), Web of Science, Academic Search Premier and
CINAHL (EBSCO), and PsycINFO. In addition, we searched
for relevant research in the reference sections of included studies
as well as of relevant recently published reviews. The keywords
were defined by reviewing thesaurus systems such as Medical
Subject Headings, expert opinions, and reviews of relevant
studies.

We updated our search in February 2022 by replicating this
process.

Following PRISMA, we organized the search terms by database
and research question in a separate document [28]. We have
attached this document (Multimedia Appendix 2)

Search Strategy
The search strategy included the following four categories, each
represented by keywords and synonyms: technologies used (eg,
HIS), population (eg, HCPs), methods (eg, assessment), and
MWL. In addition, eye tracking was added for research
questions 2.1. and 2.2. The terms are linked by the Boolean
operators AND or.

We restricted our search to articles published in the period
between 2000 and 2022. This search time frame was chosen
because it documents the development of the current generation
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of prehospital communication technology, such as telemedicine
and electronic patient care reports [29]. The literature search
was limited to articles written in English or German, as both
reviewers were sufficiently proficient in these languages.

Study Records

Data Management
Citavi (Citavi 6 for Windows–Campus; QRS International) was
used for literature handling, that is, importing of articles and
further screening of the literature. The Rayaan web-based
screening tool was used to support further abstract screening
and full-text analysis in a structured format [30]. In this context,
the inclusion and exclusion criteria were also provided,
functioning as the basis for the analysis process. The included
articles were then imported to an extraction sheet.

Selection Process
The selection process was performed by two reviewers, LK and
BB, (and two conciliating reviewers, ML and RR) according
to PRISMA guidelines and is displayed using a flowchart

(Figure 2) First, both reviewers assessed the studies regarding
the inclusion and exclusion criteria for abstract screening. We
included studies that (1) focused on DHTs such as HISs that
are directly related to patient care, (2) focused on the MWL of
HCPs that is related to DHT/HIS, (3) assessed MWL or
cognitive load related to DHT, and (4) were processed in a
health care context. We excluded studies that (1) focused on
the assessment of MWL in other contexts (eg, aviation), (2)
were related to the assessment of allied constructs such as
technostress (3) that focused on patients (relating to either
technologies or workload) (4) that focused on MWL not related
to DHT and (5) were nonoriginal works (letters, guidelines, and
narrative reviews) and books. In the next step, the full texts of
the resulting studies were assessed independently.

Finally, we searched the references of the papers for further
possibly eligible studies. In case of disagreements in any of the
phases, a discussion between the two reviewers (LK and BB)
based on the inclusion criteria was first attempted. If the
discussion turned out to be inconclusive, a third reviewer (ML
and RR) was involved.

Figure 2. The figure displays the Flow Chart of the Search strategy starting with 8104 articles and resulting in 25 included studies. Most studies were
excluded because MWL was not the primary outcome or the study focused alternative concepts [29]. DHT: digital health technology; MWL: mental
workload.
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Data Collection Process
A tabular extraction sheet for data extraction was used based
on the outcomes of the review. To ensure uniformity across
reviewers, we conducted a pretest standardization exercise
before starting the data extraction process. Each reviewer
extracted the themes of interest to an extraction sheet.

Risk of Bias in Individual Studies
Two evaluators independently rated the quality of the identified
studies using the QualSyst Scale [31]. Disagreements were
resolved via discussion (among LK and BB) or, if necessary,
resolved by a third reviewer (ML and RR).

Studies were rated using a structured tool (comprising 14 items).
If a study completely fulfilled a criterion, it was assigned 2
points. In case of partial fulfillment, 1 point was assigned. If
the criterion was not fulfilled by the study, no point was assigned
to the study.

If a criterion was not applicable to the study presented (eg,
blinding of the investigator), it was removed from the
assessment. The achieved points as a percentage of the possible
total points were evaluated as per the following criteria: a score
of <0.5 by both reviewers resulted in exclusion, studies with
scores between 0.5 and 0.65 were classified as having a
moderate risk of bias, and studies with scores >0.65 were
classified as having a low risk of bias.

Data Items
LL and BB read the full texts and extracted information
concerning identified and relevant aspects of the studies. We
differentiated main study characteristics, measurements, and
outcomes from relevant findings and recommendations.

In addition to the descriptive presentation of study characteristics
and findings, we aimed to extract factors or aspects of DHT that
contributed to an increase in MWL. Furthermore, we extracted
information on how the included studies assessed the workload
and in which settings eye tracking was used with regard to
specific outcomes. On the basis of this, we developed an
overview of the methods that can be used to measure MWL
caused by DHTs meaningfully and validly. Furthermore, we
assessed the studies concerning the categories of types of DHT
and factors that contribute to a lower MWL.

The methods, settings, and outcomes were organized into logical
categories that were rated by the reviewers. The typical
categories of methods referring to MWL assessments were
analytical or empirical techniques. Typical categories for settings
were laboratory or field. Categories referring to assessed
outcomes have to be defined during the reviewing process. In
each category, we extracted how often an indicator for a
category was applied (eg, category % = method applied/N
studies) and how often combinations of specific indicators were
used (eg, for total percentage with method A with setting B and
outcome C, total % = combination applied/N studies). A typical
indicator for category methods would be a questionnaire or
subjective method. If an indicator was identified, the reviewers
filled in the row with a 1; if no indicator was identified, for
example, if the method was not applied, the table was filled in
with a 0.

Data Analysis and Synthesis
After the initial screening of the search results, we did not
conduct a meta-analysis because the results and quantifications
of the measures varied widely. Instead, we performed descriptive
analysis to summarize the data, in which we first compared the
studies in terms of the evaluation methods used (qualitative,
quantitative, or mixed methods) and then performed a
comparison of their survey methods.

We used the following two nonquantitative approaches for data
synthesis: tabulation and a narrative approach.

In a first step, all main characteristics of each study were
extracted (study design, the setting of the target population such
as a hospital, sample size, age, sex, and population type such
as physicians). We only included studies with a sample size of
under 20 participants provided that the risk of bias was adequate
[32].

We analyzed studies in terms of objectives, outcomes, and
assessments as well as types of DHT. The quality criteria of
assessments and information regarding the application of eye
tracking as well as outcomes assessed via eye tracking were
extracted. Differing from our protocol. we did not assess data
on overall MWL in studies in addition to MWL levels related
to DHT because the studies did not contain this information.

All included studies were evaluated with regard to their risk of
bias.

A textual narrative synthesis of all included studies was made
and comparable findings were synthesized. In addition, a
descriptive analysis of eye tracking measures was extracted.

Registration and Protocol
In the ongoing process, we had to perform a few amendments.

Contrary to what was defined in the protocol to this review,
research questions 1.1 and 1.2 were not substituted to this final
paper [32]. Deviating from the protocol’s attempt, we decided
to use a different assessment tool to evaluate the risk of bias
(QualSyst, [31]). In contrast to our protocol, we also included
studies with a sample size under 20 participants under the
condition that their risk of bias was adequate. Deviating from
our protocol. we did not assess data on overall MWL in studies
as well as MWL levels related to DHT because the studies did
not contain this information.

Results

Search Strategy
The database search resulted in 7952 hits. Additional searches
in the bibliographies of the identified publications and through
discussions with experts yielded 152 more search results
(N=8104). After removal of duplicates, 6122 (75.54%)
publications remained in the review process. On the basis of
the title and abstract screening, 6003 (74.07%) publications
were excluded. Of the remaining 117 (1.4%) that were included
in the full-text analysis, 72 (62%) were excluded for the
following reasons: another concept of stress than defined in our
paper (eg, technostress) was used, DHT was not part of the
study, the study outcome was not workload, the paper was not
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an original work, the scope of the paper was alert-related
workload, the population consisted of patients, it was a scoping
or narrative review, there was no health care setting, or the full
text was not available. In total, 46 (0.6%) studies were included

in the qualitative synthesis and assessed for risk of bias. Of
these, 17 (37%) studies were excluded because of their high
risk of bias. The systematic search and the search strategy that
followed resulted in 25 included studies (Figure 3).

Figure 3. Contributing factors to mental workload related to digital health technologies grouped into system related and organizational factors. The
categories are not disjunct, meaning that two categories may have been selected for one study. The categories are not mutually exclusive either.

Risk of Bias Assessment
In total, 17 (37%) studies had a high risk of bias and were
therefore excluded from the review because of scores <0.5.

A total 15 (33%) studies had scores between 0.5 and 0.65 and
were therefore considered to have a moderate risk of bias.
Furthermore, 10 (22%) studies had a low risk of bias (as shown
in Multimedia Appendix 3; interrater agreement on scoring was
r=0.91; P=.01).

Discrepancies in scoring generally resulted in different scores
for item 1 (objectives) or 7 (blinding).

Main Characteristics of the Included Studies
The main characteristics of the included studies are displayed
in Table 1. Most studies were published between the years 2010
and 2022 [33-54]. Only 2 studies were published between the
years 2002 and 2009 [55,56]. Most studies were conducted and
published in the United States [33,35,37-40,42-50,52,53,55,57].

Most studies were carried out in laboratory or simulation settings
[33,35,36,38-43,46-50,52,55,56], a few were done in field
settings [37,45,54,57], and some were conducted only on the
web [34,44,51].

A total of 10 studies were quasi-experimental
[33,36,40,41,46,47,49,50,55,57], 8 were cross-sectional
[34,37,39,44,48,51,54,56], 2 were observational [38,53], 1 was
a longitudinal design study [45], and 4 were RCTs [35,42,43,52].

The included participants consisted of physicians (14 studies
[33-35,37-39,42-44,46-52,54,56,57]), nurses (4 studies
[40,45,53,55]), and medical or nursing students (1 study [41])
as well as mixed populations out of these 3 groups (6 studies
[36,37,42,47,50,57]). The sample size in most included studies
r a n g e d  f r o m  1 0  t o  5 0  p a r t i c i p a n t s
[33,35,36,38-40,42,43,46-50,52-57], 1 study ranged from 50 to
100 participants [34], and 5 studies included >100 participants
[37,41,44,45,51]. Furthermore, 16 studies reported times of
experience with DHT [33,34,36,40,42,43,45,48,49,51-53,55-57].
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Table 1. Main characteristics of the included studies, including the display of sample statistics, setting, study design, and descriptive information about
the included studies.

OccupationExperience with DHTa

(years)

Sex, n (%)Age (years), mean
(SD) or median (IQR)

Sample
size, n

Study
design

SettingCountryAuthor

Pe>1 yearNRNRd20QScLbUnited StatesAhmed et al
[33], 2011

P6.7 yearsNRNR67CSgWbfUnited King-
dom

Ariza et al
[34], 2015

PNRFemale 8 (25);
male 24 (75)

NR32EhLUnited StatesCarayon et al
[35], 2020

N; SS 0 years; N 8.73 yearsNRS 27.31;N 31.91

SD or range NR
Si 37; Nj

11

QSLUnited King-
dom

Currie et al
[36], 2017

N; PN 2.5 years; P 6.2 yearsN: female 19.8
(90), male 2.2

N 32.5 (20-66); P
45.3 (25-63)

N 22; P 13QSFkUnited StatesDunn Lopez et
al [57], 2021

(10); P: female
5.98 (46), male
7.02 (54)

P14 (2-30) yearsFemale 5 (42);
male 7 (58)

NR12CSFSwedenGrünloh et al
[54], 2016

N; PNRFemale ≥161
(>95)

Males: <9
(<5%)

NR170CSFUnited StatesHolden et al
[37], 2015

PResidents 3 years; Attend-
ing >3 years

Female 7 (50);
male 7 (48)

Resident: 18-34 years
(6, 100%) Attending:

35-50 years (7,
87.5%)

51-69 years (1,
12.5%)

14OlLUnited StatesKhairat et al
[38], 2018

PNRFemale 13 (52);
male 12 (48)

33.2 (6.1) years25CSLUnited StatesKhairat et al
[39], 2019

NSelf-rated experts 9
years; self-rated novices
1 year

Female 8 (66);
male 4 (34)

31.5 (23-57)12QSLUnited StatesKoch et al
[40], 2012

SNRFemale 55.2
(46.7); male
63.6 (53.3)

24.5 (2.99)120QSLAustraliaLyell et al
[41], 2018

P; SWebCIS 0.5-3 years;
Epic 0.5 years

NRNR29ELUnited StatesMazur et al
[42], 2015

PResidents 36 years; fel-
lows 2 years

Female 25 (66);
male 13 (34)

NR38ELUnited StatesMazur et al
[43], 2019

PNRFemale 509
(58.1); male
353 (40.6)

53 (28-84)848CSWbUnited StatesMelnick et al
[44], 2020

NParticipants self-rated
“comfort with system”

Female 650
(90.9); male 69
(9.1)

38.5 (11.2)719LomFUnited StatesMoreland et al
[45], 2012

and sorted by group (n)
Novice 41; knowledge of
basics 288; experts 390

PNRNRNR17QSLUnited StatesMosaly et al
[47], 2018

P; SNRFemale n (63);
male n (27)

NR38QSLUnited StatesMosaly et al
[46], 2019

P11 (3-30) yearsFemale n (48);
male n (52)

43 (35-58)29CSLUnited StatesPollack et al
[48], 2020
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OccupationExperience with DHTa

(years)

Sex, n (%)Age (years), mean
(SD) or median (IQR)

Sample
size, n

Study
design

SettingCountryAuthor

PParticipants (n); Resi-
dents (minimum of 3
years experiece) 16; at-
tending physicians
(Training level) 16

Female n (50);
male n (50)

39.29 (12.4)32QSLUnited StatesRichardson et
al [49], 2019

NNoneNRNR16QSLUnited StatesSaleem et al
[55], 2007

N; PNRNR34.2 (25-59)35QSLUnited StatesSampson et al
[50], 2019

P6.8 yearsFemale n (56),
male n (44)

NR25CSLIsraelShachak et al
[56], 2009

P3-6 months: 54 (n)

6 months – 1 year: 51 (n)

>1 year: 83 (n)

Female n
(63.3); male n
(36.7)

NR188CSWbUnited King-
dom

Shah et al
[51], 2016

PResidents 10 years; at-
tending physicians 10
years

NRNR20ELUnited StatesWanderer et al
[52], 2011

NNRFemale 6 (86);
male 1 (14)

30 (6)7OFUnited StatesYen et al [53],
2020

aDHT: digital health technology.
bL: labor.
cQS: quasi-experimental.
dNR: not reported.
eP: physician.
fWb: web-based.
gCS: cross-sectional.
hE: experimental.
iS: student.
jN: nurse.
kF: field.
lO: observational.
mLo: longitudinal.

The included studies did not apply a homogenous definition
approach for MWL: 13 studies did not provide a definition of
their underlying concept at all [35,36,38,40-43,45,50,52-54,57],
2 studies applied a classic definition of MWL [37,51], 3 studies
defined MWL as mental effort [34,46,47], 2 as information
overload [33,39], and 5 studies applied a definition of cognitive
load [41,44,48,49,56]. All the applied definition had a common
base that could be summed up under the concept of MWL that
we defined for inclusion.

The analyzed types of DHT were grouped into one of six
categories as appropriate electronic health records or electronic
medical records (EMRs), computerized decision support
systems, information display or vital sign display, e-prescribing
systems, anesthesia system, and computerized clinical reminders.
More than half of the studies (13/25, 52%) analyzed electronic
health records or EMRs.

Research Question 1: Contribution of DHT to the
MWL of HCPs
Studies with various outcomes reflecting the association of DHT
and MWL were included.

Overall, 20 (83%) of the included studies investigated the MWL
related to DHT in general [33,38,40,53,54,56], 8.33% (2/25)
compared MWL before and after redesign of DHT [51,52], and
12.5% (3/25) of the studies analyzed MWL before and after
implementation of a new DHT [37,50,55]. A further 12.5%
(3/25) of the studies compared MWL among different DHT or
systems [34,35,40].

Furthermore, 33,33% (5/25) of the included studies investigated
the relationship between the usability of the DHT and MWL
[39,43,44,48,57], 16.67% (4/25) assessed MWL related to task
demands and performance during the use of DHT [39,42,46,47],
8.33% (2/25) of the studies examined the influence of decision
support on MWL [41,49], and 4% (1/25) examined other
influences [36].

The included studies identified various factors of the systems
that contributed to the MWL of HCPs. Some factors were rooted
in the systems themselves; other factors were caused by
influences and circumstances on an organizational level. We
grouped the results by organizational and system-related factors
(Figure 2).
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Organizational Factors
A total of 8 studies identified the task to be performed by the
use of the DHT as the relevant factor that contributes to an
increasing MWL [34,36,37,41,42,47,50,54,56]. In all cases, the
tasks did not fit the processes already implemented in the
system.

Of these, 2 studies stated the overall workload in the working
environment as the contributing factor [53,54]: the higher the
general workload, the higher the MWL related to DHT.

Other relevant organizational factors that were identified by a
study was the amount of time since implementation [45]: the
longer a system was implemented, the lower the MWL, which
initially increased significantly immediately after
implementation.

In addition to direct influences, a study examined mediating
factors and specifically identified gender and total hours worked.
Women, as well as those who worked fewer hours, had a smaller
increase in MWL from the DHT [44,57].

System Factors
In addition to organizational factors, most studies (23/25, 92%)
identified factors based predominantly in the underlying system
of the DHT.

A total of 4 studies cited weaknesses in the interface design as
main factors for an increasing MWL of HCPs [39,48,50,51].

In addition to the interface design, 6 studies identified
deficiencies in the usability as an influencing factor for
increasing workload [39,43-45,50,51]. Studies refer to longer

task completion times, higher error rates, a higher number of
clicks, and differences in usability ratings between men and
women (women contributed to higher rankings) [39]. There
were also reports of less MWL because of automatically sorted
and displayed test results in an electronic health record [43] and
a significant correlation between MWL and usability [44].

A further 5 studies identified nonfunctioning decision support
as a critical factor in increasing MWL [35,41,47,49,56], and 4
studies detected the organization of data and information as
influencing factors [33,36,38,56].

A study showed that integrated displays cause less MWL than
nonintegrated traditional displays [40]. In addition to precisely
identifiable factors, 2 studies indicated that high MWL is
particularly because of system functionality of the system in
itself [34,39].

Research Question 2: Assessment Methods of MWL
Related to DHT in Health Care

Overview
All applied and identified assessment methods have been
empirical. A total of 18 studies applied subjective methods
[34-36,38,40-42,44,48-50,52,53,55,57], and 2 studies used
performance measures [33,35]. Furthermore 5 studies used
physiological methods [36,42,43,46,47], and all of them applied
eye tracking techniques—either isolated or in combination with
other measures [36,42,43,46,47]. In a study, an interview was
conducted [54], and a study used the cognitive task analyses
technique [56]. The identified measures are displayed in Figure
4.
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Figure 4. Identified assessment methods grouped by assessment type. Most applied assessment type were subjective methods – NASA TLX was the
assessment that was used in most studies. The size of the circles is proportional to the frequency of application in the studies.

Subjective Measures

National Aeronautics and Space Administration–Task Load
Index or Raw–Task Load Index

A total of 52% (13/25) of the included studies applied the
National Aeronautics and Space Administration (NASA)–Task
Load Index (TLX) or an adapted form of the questionnaire such
as the Raw-TLX to assess the MWL of HCPs in relation to DHT
[34-36,38,40,42,44,48-50,52,53,55,57].

Of these, 3 (12%) studies adapted the NASA-TLX in form of
the Raw-TLX based on numerous trials [34,35,51].

The NASA-TLX is a very commonly applied subjective
assessment method to assess the MWL related to a specific task.
The NASA-TLX has been applied mostly for questions of

interface design and evaluation [58] and is often combined with
other applied measures such as performance measures [58].

The questionnaire consists of six scales that each represent 1
dimension: MWL, physical workload, temporal workload, effort,
frustration, and performance [59].

The original form of the NASA-TLX provides a rating scale
ranging from 0 to 100 and a weighting of the different values
of the scales [59]. However, several studies could show that the
weighting of the scales in particular has no degrading influence
on the sensitivity of the scales [58]. Thus, this form of the
questionnaire is called the Raw-TLX and is the most commonly
used version along with the NASA-TLX itself [58]. Even a
change in the Likert scale does not seem to lead to a strong
modification of the sensitivity or the quality criteria [58]. The
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psychometrics for both versions, the original NASA-TLX and
the Raw-TLX, can be considered good [60,61].

Cognitive Load Inventory

The cognitive load inventory was applied by a study and can
be defined as a subjective cognitive load measurement tool [62].
Leppink et al [62] developed a 10-item questionnaire, rated on
a 10-point Likert scale with the dimensions of intrinsic,
extraneous, and germane load. The development of this scale
was based on the cognitive load theory [63]. Previous research
shows that psychometrics for this scale can be considered good
[62].

Self-developed Surveys

A study used a self-developed survey that consisted of items
for external (3 items) and internal (2 items) MWL. The
Cronbach α for both scales was average to good [37].

Another study analyzed nurse workload by using 2
self-developed items that were rated on a 10-point Likert scale.
Content validity (0.92) and internal consistency can be
considered good (Cronbach α=.89-.95) [45].

Physiological Measures

Electroencephalography

Mazur et al [42] measured cognitive workload derived from
electroencephalography. They processed the data by applying
the ABM’s algorithm that automatically calculates the index of
cognitive workload.

Previous research shows that specific features of brain activity
are good indicators for MWL; for example, theta activity
increases with increasing mental effort [64].

Accuracy levels of electroencephalography measures can be
classified as average (approximately 60%) [65].

Eye Tracking

A total of 5 studies applied eye tracking to measure the MWL
related to DHT (displayed in Table 2). Furthermore, 3 studies
assessed the blink rate of participants as an indicator for MWL
[43,46,47], 2 studies detected pupil dilations [42,46], 1 study
assessed fixation frequency and visit frequency [36], and 1 study
applied the measure of task evoked pupillary response [47]
None of these studies reported quality criteria for their
assessment.

Table 2. Display of assessments of mental workload (MWL) via eye tracking.a

Outcomes assessedMeasure combinationMeasuresStudy

Automatic prediction of performance of nurses
and interpretation of vital monitors

Questionnaire (NASA-TLXb)Visit frequency; fixation
frequency

Currie et al [36], 2018

Performance (error count and task completion
time)

Questionnaire (NASA-TLX); electroen-
cephalography

Pupil dilationsMazur et al [42], 2016

Mental and physical workload, performance,
and fatigue

N/AcBlink rateMazur et al [43], 2019

Mental effort and performanceN/ABlink rate; pupil dilationsMosaly et al [46], 2019

Mental effort and performanceN/ABlink rate; task evoked
pupillary response

Mosaly et al [47], 2018

aThe most frequently applied measure was pupil dilation. The outcomes assessed varied across studies.
bTLX: Task Load Index.
cN/A: Not applicable.

Heart Rate

A study used a wearable heart rate monitor to detect heart rate
changes as indicators of nurses’ workload levels. The device
assessed biometric signals continuously with time stamps. No
psychometric values were given [53].

Performance Measures
A total of 2 studies applied performance measures as detection
methods for MWL. Both studies did not apply these as
stand-alone assessments; they combined the assessments with
questionnaires. The response time, error rate, and number of
clicks were measured.

Ahmed et al [33] registered the time to task completion (in
seconds). Completion of tasks on a standard EMR in comparison
to a redeveloped one took twice as long.

Ahmed et al [33] also counted the number of errors. They
identified 4 times as many errors per participant when using the
standard EMR than when using a redesigned user interface.

Carayon et al [35] assessed the number of clicks and task
completion time and correlated these using the measures of
NASA-TLX. Physicians were faster and interacted with lesser
interface elements for a clinical decision support system when
compared with the standard system.

Qualitative Measures
Shachak et al [56] applied a cognitive task analyses using
semistructured interviews as well as field observations to assess
MWL related to EMRs. The interview is adapted from the study
by Militello and Hutton and asks for characteristics of the system
that require difficult cognitive skills, errors, and special
attention. Physicians reported a reduced MWL when EMR
systems were used
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Quality Criteria of Applied Methods
Overall, 68% (17/25) of the included studies did not report any
quality criteria or measure. Some referred to reliability scores
cited from previous research.

Furthermore, 5 (20%) studies reported measures of reliability
(Cronbach α). Carayon et al [35], Lyell et al [41], and Moreland
et al [45] reported a Cronbach α between.8 and .9.

Holden et al [37] and Shah and Peikari [51] reported a Cronbach
α between.7 and .8.

In addition to Cronbach α, Moreland et al [45] reported a high
content validity (0.9). A total of 2 (8%) studies reported quality
criteria but only partly or not adequately [40,57].

Approach Toward the Most Applied Combination or
Gold Standard
The combination of setting and applied measure that was
detected in most cases was a laboratory setting combined with
a subjective measurement method. Further, it can be identified
that the outcome relationship between MWL and usability
related to DHT measured by subjective methods or performance
measures in the laboratory was established in most cases. Other
frequently applied combinations were subjective method, MWL
related to DHT, decision support, usability, system comparison,
or other as well as physiological measures combined with task
demands or other, in the laboratory. The results of the
combinations of settings, assessments, and outcomes are
displayed in Multimedia Appendix 4.

Discussion

Although several measures are applied frequently in the
assessment of MWL in varied areas, the use of these methods
may be limited by shortcomings in terms of knowledge about
their correct and valid application in the field of
human-technology interaction in health care. Therefore, our
review had 2 separate but related objectives as described in the
following sections.

Principal Findings
This systematic review investigated 25 studies that applied
various measurement methods to assess the MWL related to
DHT. The aim of the review was to show which factors of DHT
contribute to a high MWL for HCPs in health care settings. In
addition, the review was intended to identify methods that are
currently used to measure MWL in health care. In this context,
the role of eye tracking as a measurement method in particular
was considered.

The following aspects can be considered the most relevant while
summarizing the main results:

• First, the investigation showed that self-report subjective
measurement methods (eg, the NASA-TLX), are the most
frequently applied measures and can be considered the most
prominent measure in MWL evaluation. Studies are most
commonly conducted in laboratory settings. If physiological
measures such as eye tracking are applied, they are
combined with other measurement methods.

• Although a most frequent approach could be identified, it
has to be stated that the methods used for the measurement
of MWL related to DHT varied in their scope, methodology,
outcomes, and evidence level as well as results concerning
the MWL created by DHT.

• The risk of bias assessment revealed severe deficiencies in
most studies because of methodological issues, inadequate
sample sizes and statistical power, and poor study designs
as well as deficient conduction of studies.

In particular, the negative effect of DHT on MWL in health
care was consistent across studies. At the same time, DHT could
support HCPs, but it must fulfill different criteria to achieve
this. In addition to the system-related factors, organizational
issues contribute to the influence of DHT on high MWL.

Comparison With Prior Work
Consistent with previous reviews, we identified the application
of subjective measurement methods to be the most frequently
used approach for the assessment of the MWL. [66]. Although
we were able to identify a most frequently applied method, one
of the main findings of this review was the heterogeneity of
applied assessments, which is also in line with previous analyses
[20,66]. Some studies used a combination of methods; for
example, eye tracking and NASA-TLX. Reviews that investigate
methods to measure MWL usually focus on 1 type of method,
such as physiological measures [17,18], or a specific field of
application (eg, driving distraction) [62]. The health care
domain—although it can be seen as a safety-critical
environment—was not the focus of these reviews. Charles and
Nixon [21] included 58 studies in their review, none of which
addressed MWL in health care. First, while other studies focused
on nonhealth care domains, our review revealed methodological
shortcomings in the health care area.

Second, our idea was to provide a holistic review of methods
being used for the application of DHT in health care.

Previous reviews also checked for combined measure
assessments; in line with our findings, Charles and Nixon [21]
and Tao et al [20] found several studies that combined
physiological measures and the NASA-TLX.

In contrast with our findings, Charles and Nixon [21] found
many studies reporting quality criteria such as sensitivity and
validity, also for physiological measures. However, they found
differences for validity and sensitivity of measures comparing
field and laboratory settings. This finding corresponds to the
findings of Tao et al [20] and also partially to our findings.

Kabilmiharbi et al [22] reviewed studies concerning multiple
driving distractions. In contrast to health care settings, MWL
assessment during driving is mainly conducted via physiological
or performance measures [63]. In line with our results,
NASA-TLX was the most commonly used subjective
assessment.

We identified 4 different eye tracking measures applied in the
studies included in our review (fixation frequency, blink rate,
pupil dilation, and visit frequency). Tao et al [20] identified
blink rate, pupil diameter, and fixation duration as correlates of
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MWL, but—in contrast with our results—identified additional
eye tracking measures that were relevant.

Besides a strong heterogeneity, a rather homogeneous approach
with regard to the setting was revealed. This is equivalent to
findings of Tao et al [20]. Most studies were performed in the
laboratory. Outcomes differed marginally but were still
differentiated for more discriminative analysis.

Factors contributing to MWL in health care can be identified
as occupational or individual. Occupational factors can be level
of education, type of working unit (eg, intensive care unit), work
shifts, and number of patients under care [64]. Studies from
other domains show, for example, an enhancement in situation
complexity, task-related and individual factors as well as
organizational factors such as time pressure as possible
predictors of MWL [65]. However, none of the studies
mentioned in this section explicitly addresses the relationship
between MWL and HIS/DHT.

Many studies also consider MWL as a starting point for further
consequences on the performance of the HCPs, for example, a
hazard to patient safety or job satisfaction (66), rather than the
factors contributing to a high MWL.

Strengths and Limitations
This review has some limitations with respect to the included
studies.

First, because of the heterogeneity of the assessment methods,
analyses, and study designs of the included studies as well as
their methodological quality, a meta-analysis could not be
conducted.

Second, many studies performed retrospective measurements
of MWL that did not allow for causal conclusions in the results.
The restriction of causality is further limited by nonreported
quality criteria.

Third, the results as well as the review itself are further limited
by the search process. Part of the results are aspects of factors
that contribute to MWL related to DHT. These aspects were
not explicitly searched for in the literature examination. It can
therefore be assumed that not all relevant studies concerning
these factors have been included. The search process can also
be considered to be limited in the sense that it became apparent
during the review process that many authors integrate the
constructs of mental or cognitive workload into other constructs
or refer to concepts similar to these. Other constructs that may
follow a similar definition, such as mental effort, were not
considered in this search. It can therefore be assumed that these
studies were not included in the review.

The definition of the MWL construct was not consistent across
the studies examined. In addition to MWL, stress, cognitive
load, fatigue, and mental effort, and other similar concepts have
been grouped under the term information overload and limited
workload capacity resulting from perceptual load. However,
other studies have developed their own concepts (eg, stress
related to information systems) that mean slightly different
things but include parts of the definition of MWL. Our results
are limited in terms of not including these studies as they also

included aspects of stress (eg, acceptance) that do not refer to
the MWL classification that was relevant for our paper.

However, in order to develop a gold standard for measuring
MWL in health care settings, it seems highly relevant to
precisely define the construct. Identifying studies referring to
a selective definition of MWL was therefore particularly
challenging for this review. Because of the strong heterogeneity
of the research field, we cannot eliminate the possibility that
some studies were not included, which were not identified by
our search terms because of variations in construct naming.

The combination of the different approaches toward the
assessment of MWL also showed strong heterogeneity. Some
of the methods—especially the physiological ones—require
extensive preparation and equipment and are very
time-consuming, particularly in their evaluation. Thus, not every
method can be considered suitable for every setting (eg, in a
clinical setting).

The approach of analysis in the laboratory seems understandable
on the one hand, because content validity and reliability are
easy to achieve. On the other hand, the small number of field
studies ensures that results cannot be transferred to other settings
easily (external validity) and that various bias effects at least
partly due to presumably weak quality of the study
implementation also led to erroneous results. This also applies
to the generalizability across populations; therefore, studies
referring to MWL of patients were not included.

The applied quality criteria assessment revealed shortcomings
in methodological quality across many studies. There was only
a small amount of studies with a quality rating of >65% (10
studies [37,39,41-44,49,50,54-56]). However, a possible
explanation for such a low rate might be that many of the
remaining studies could be regarded as first or exploratory
approaches.

Most studies did not report quality criteria such as content
validity or reliability. Reliability indicates the degree to which
an assessment can differ between high and low workloads [67].
Content validity refers to the degree to which an assessment
reflects all aspects of MWL [67]. Studies that reported reliability
measures reported acceptable to high levels of internal
consistency of the assessments. Studies that reported content
validity reported moderate levels of internal consistency of the
assessments. To develop a gold standard in the assessment of
MWL in health care, the reporting of quality criteria as
indications for the quality of a measurement method is essential.

Studies that were not published in full text or in English were
excluded; consequently, additional information on measurement
properties and descriptions of methods for assessing masticatory
performance that may have potentially affected the level of
evidence might have been missed.

All included papers were published in the period between 2002
and 2022; the literature search was limited to papers with
publication years between 2000 and 2022.

We detected an increase in the 2010s that could give a hint
regarding the increasing interest in the topic during this time.
On the other hand, the term MWL, as already described, was

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40946 | p.240https://www.jmir.org/2022/10/e40946
(page number not for citation purposes)

Kremer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


not defined in as much detail as it should have been. Therefore,
the detected increase could have also been produced by more
specific definitions in the last years.

In addition, it is possible that we did not find all relevant articles,
despite having thoroughly defined which terms to include and
having conducted a systematic search using Medical Subject
Heading terms

Future Directions
Our results show a very heterogenic approach toward the
assessment of MWL related to DHT in health care settings.
Although the assessments are heterogeneous, it can be assumed
that there are 2 groups of contributing factors to MWL related
to DHT, factors rooted in the system itself and organizational
factors such as the task for which the system is being used.

When it comes to implementing or applying already
implemented DHT in health care, these factors should be
considered holistically.

The following steps should be taken for implementing and
developing a gold standard and conducting future research in
this field of study:

1. Conducting well-developed studies that take into account
quality criteria and adequate sample sizes as well as effect
size and power calculation. Future research is warranted to
include HCPs with more diverse backgrounds (eg,
differentiated by previous experience with DHT) and to
have adequate statistical power for testing.

2. Reviewing MWL studies in related fields, such as power
plants or aviation research.

3. Identifying methods that apply most to the research question
being posed (eg, what is the amount of MWL of an intensive
care unit nurse during a shift when switching between the
EMR system and vital signs monitors), which would
probably lead to a dynamic approach assessed by a dynamic
assessment method such as eye tracking.

Future research is required to further investigate the relations
between factors that might be contributing to MWL while using
a DHT and MWL in general. Our results show a first step
forward for grouping these factors. However, further primary
research and review work is necessary for the development of
a theoretical framework.

Conclusions
Our review of 25 papers shows a diverse assessment approach
toward the MWL of HCPs related to DHT as well as 2 groups
of relevant contributing factors to MWL. The most frequently
applied method has been the NASA-TLX (subjective
measurement approach) in laboratory settings. The contributing
factors can be divided into system-related factors and
organizational factors.

Our results show a few new approaches being used for assessing
MWL in relation to systems in a valid, reliable and practical
way; eye tracking could be one of these measurement
techniques.

Although methodological biases were identified, we recommend
further research concentrating on adequate assessments of MWL
of HCPs for relevant settings. We would also like to recommend
the evaluation of quality criteria.
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Abstract

Background: This is a systematic review of randomized controlled trials and a meta-analysis comparing smart technology with
face-to-face physical activity (PA) interventions in community-dwelling older adults (mean age 60 years).

Objective: This study aims to determine the effect of interventions including smart technology components compared with
face-to-face PA interventions on PA and physical function in older adults. The secondary outcomes are depression, anxiety, and
health-related quality of life.

Methods: We searched MEDLINE, Embase, CINAHL, and AMED electronic databases from inception to February 2021. Two
independent reviewers screened titles, abstracts, and full texts and performed data extraction and risk of bias assessments using
the Cochrane risk of bias tool. The Grading of Recommendations Assessment, Development and Evaluation was used to evaluate
the quality of the evidence. We provided a narrative synthesis on all included studies and, where possible, performed meta-analyses
for similar outcomes.

Results: This review included 19 studies with a total of 3455 participants. Random effects meta-analyses showed that interventions
with smart technology components resulted in improved step count (mean difference 1440 steps, 95% CI 500-2390) and total
PA (standardized mean difference 0.17, 95% CI 0.02-0.32) compared with face-to-face alone. There was no difference between
groups in terms of the measures of physical function. Smart technology alone did not show significant differences between groups
in any outcome. The quality of the evidence was very low based on the Grading of Recommendations Assessment, Development
and Evaluation criteria.

Conclusions: Interventions that include smart technology may improve daily step counts by an average of 1440 steps in
community-dwelling older adults; however, the quality of the evidence was very low. Future studies are needed to improve the
certainty of these results.

Trial Registration: PROSPERO CRD42020135232; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=135232

(J Med Internet Res 2022;24(10):e36134)   doi:10.2196/36134
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Introduction

Background
In 2017, the global population of adults aged ≥60 years was 962
million, more than twice the number of older adults in 1980 [1].
By 2050, it is expected that the number of older adults will
double, reaching nearly 2.1 billion [1]. As the population ages,
delaying the onset of illness and disability and retaining physical
function are top public health priorities [2]. Physical activity
(PA), defined as any bodily movement produced by skeletal
muscles that requires energy expenditure [3], is one way to
achieve this. However, evidence suggests that 31% of the global
population does not meet the recommended levels of PA [4,5],
and inactivity has been identified as a leading risk factor for
mortality, accounting for >5 million global deaths annually [6].
A recent umbrella review including 24 systematic reviews
reported that older adults that are physically active have a lower
risk of all-cause and cardiovascular mortality, breast and prostate
cancer, fractures, disabilities with activities of daily living,
functional limitations, risk of falling, cognitive decline,
dementia, Alzheimer disease, and depression [7]. In 2018, the
World Health Organization released their global action plan on
PA to combat inactivity and improve health over the next decade
[8].

In late 2019, SARS-CoV-2, which causes COVID-19 disease,
emerged and quickly became an international health crisis, and
in March 2020, the World Health Organization declared
COVID-19 a global pandemic [9]. Since then, many countries
have established strict public health measures to curb the spread
of the disease, including social distancing and isolation.
Although these measures have the benefit of minimizing viral
transmission, which is critical for older adults who are at a
higher risk for more severe illness [10,11], they have also
exacerbated levels of physical inactivity. A systematic review
including 66 studies with nearly 87,000 participants from 26
countries reported significant declines in PA during the
lockdown owing to the COVID-19 pandemic [12].
Unfortunately, older adults are also at a higher risk for
consequences of inactivity, such as frailty, sarcopenia, and
chronic diseases, compared with their younger counterparts
[13]. These data highlight an urgent need to evaluate alternative
methods of improving PA levels. Fortunately, with
advancements in technology, smart technology has become an
increasingly relevant and studied tool for achieving health
objectives [14,15]. Smart technology interventions may
represent an ideal alternative to traditional face-to-face programs
as they have the potential to overcome service delivery barriers
such as limited access; inconvenience of travel; absenteeism
from work and family [16]; and, now importantly, minimizing
unnecessary exposure to COVID-19 for those who are most at
risk. The role of smart technology in improving PA in older
adults warrants further evaluation both now and for informing
future directions of health care delivery.

Smart technology capitalizes on communication and information
technologies (eg, internet and video calls) [14] and uses different
mediums, such as computers and tablets, or mobile health, which
includes smartphones, wearables (eg, FitBit), and mobile apps
(eg, My Fitness Pal, Samsung Health, and Apple Health) [17].
Systematic reviews have demonstrated that smart technology
interventions can improve PA levels, specifically steps per day
and minutes per day of moderate to vigorous PA in generally
healthy older adult populations (mean age ≥55 years) [18-21].
However, there are still unanswered questions and a need for
more and better evidence. For example, existing reviews have
examined only specific types of smart technology [20] or
included only digital PA estimates without considering
participant-oriented outcomes [19]. Importantly, existing
systematic reviews have not compared smart technology PA
interventions with more traditional modes of PA intervention
delivery (ie, face-to-face) [15,20-23]. This comparison is
essential for determining whether interventions that include
smart technology components are more, less, or as effective as
face-to-face alone interventions. Therefore, the purpose of this
review is to determine the effects of PA interventions that use
smart technology compared with face-to-face PA interventions
on PA and physical function in community-dwelling older
adults.

Review Question
This systematic review will answer whether the PA interventions
that use smart technology are more, less, or as effective as
face-to-face alone interventions for increasing PA and function
in older adults. The secondary questions were as follows: (1)
What are the effects of smart technology PA interventions on
secondary outcomes, including health-related quality of life
(HRQoL), anxiety, and depression? and (2) Does the
effectiveness of smart technology interventions differ by type
of PA or by the type of smart technology used (eg, wearable vs
mobile app)?

Methods

Overview
This systematic review was conducted in accordance with a
peer-reviewed protocol [24] registered in PROSPERO
(CRD42020135232) and followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
guidelines [25]. The full protocol has been published elsewhere
[24].

Data Source and Searches
A comprehensive search of the MEDLINE, Embase, CINAHL,
and AMED databases from inception to February 2021 was
conducted after consultation with a health research librarian
[26]. The full search strategies are available in Multimedia
Appendix 1 [27-45]; common Medical Subject Headings across
databases included age, technology, physical fitness, with
keywords to capture all types of PA and smart technology.
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Reference lists of included studies were hand searched to
identify additional relevant studies.

Study Selection

Overview
Two independent reviewers completed screening for both the
titles and abstracts and full-text articles using the web-based
referencing software system Covidence (Veritas Health
Innovation). Disagreements were resolved by consensus or
arbitration by a third reviewer as necessary.

Inclusion Criteria
We included studies that met the following criteria: (1)
community-dwelling older adults with a mean age of ≥60 years
[46], (2) interventions that promoted PA using smart technology,
(3) face-to-face interventions in comparator groups, (4) a
primary outcome measure of PA or physical function, and (5)
randomized controlled trials (RCTs) published in English in a
peer-reviewed journal.

Exclusion Criteria
We excluded studies that evaluated participants admitted to an
inpatient unit in a hospital or long-term care home, interventions
that only used audio phone calls (ie, with no video or SMS text
messaging equivalent to the use of a landline), video games, or
virtual reality. Studies that used a quasi-experimental design
were also excluded.

Data Extraction and Risk of Bias
Data from the included studies were extracted independently
and in duplicate using a standardized data collection form [24].
Two reviewers independently assessed studies using the
Cochrane risk of bias tool [47] and the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) system [48].

Data Synthesis and Analysis
Meta-analyses for primary and secondary outcomes were
conducted using random effects models with standardized mean
difference (SMD) and mean difference (MD) where appropriate

in Review Manager (RevMan; version 5.4, The Cochrane
Collaboration, 2020) [24]. According to the Cochrane handbook,
when necessary, we converted scales to correct for the difference
in direction [49], and median and IQR were converted following
the methods of Wan et al [50]. When possible, we performed
sensitivity analyses by removing studies with an overall rating
of a high risk of bias for each outcome. This deviates from the
initial protocol, wherein we planned to remove only studies
with a high risk of bias in ≥3 domains. Where appropriate, we
completed subgroup analyses for our secondary questions.
Where possible, we completed analyses for interventions that
used smart technology alone compared with face-to-face alone.

Results

Overview
We identified 12,245 records from our search; reviewers
screened 9434 titles and abstracts after duplicate removal, and
19 RCTs were eligible for inclusion (Figure 1). The reasons for
full-text exclusion are provided in Multimedia Appendix 1.
Reviewers attempted to contact 7 corresponding authors for
missing information, and 1 author responded. All the studies
were combined in a narrative synthesis, evaluating a total of
3455 participants. A total of 18 RCTs with 3405 participants
randomized to either a smart technology or face-to-face
intervention were included in the quantitative analysis.

Characteristics of the studies are shown in Tables 1-2. Of the
3455 participants, 1874 (54.24%) were female, and the mean
age ranged from 60 to 72 years. Studies were conducted at
outpatient or community practices in the following countries:
United States (6/19, 32%); Belgium (2/19, 11%); Netherlands
(2/19, 11%); United Kingdom (2/19, 11%); and one each in
Australia, Chile, Denmark, Finland, Hong Kong, New Zealand,
and Spain. Participants were community-dwelling older adults,
with 14 studies focused on specific clinical populations,
including people with chronic obstructive pulmonary disease
(COPD) [27-31], cardiovascular disease [32-35], diabetes
[36,37], knee arthritis [38,39], obesity [40], and cognitive
impairment plus physical frailty [41].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flow diagram of evidence search and selection.
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Table 1. Characteristics of included studies with author names beginning with A to J.

Key findingsOutcomesUsual careInterventionaPopulation, sample
size (n)

Study and
country

Significant increase in
daily steps per day

PA: steps per day mea-
sured by pedometer;

10-minute standardized
counseling session on

[Smartphone app] Daily use
of mobile app for 3 months

T2DMb, median age

IGc=60.8 (IQR 7.8)

Alonso-
Domínguez
et al [36],
2019, Spain

(P<.05 at 3 and 12
months), aerobic steps
(P<.05 at 3 months), dis-

weekly PA measured by

IPAQf-Spanish version
PAe and healthy diet; in-
formation leaflet provid-
ed

+ heart-healthy 4-km walks
once per week for 5 weeksyears; CGd=60.4 (8.4)

years, 45.6% female,
n=204 tance walked (P<.05 at 3

months), and total PA
(P<.05 at 3 months) for
intervention group

No significant difference
in PA between groups at
either time point

PA: self-report surveygCounseling session; infor-
mation booklet; diary for
goal setting and self-
monitoring; 3 follow-up

[Pedometer] Pedometer use
for 12 weeks; counseling
session; information book-
let; diary for goal setting and

Community-dwelling
older adults (55-70
years), mean age 64
(SD 4.6) years, 64.9%

Armit et al
[43], 2005,
Australia

phone calls to reevaluate,self-monitoring; 3 follow-upfemale, n=37 recruit-
reinforce, and discuss
adherence issues

phone calls to reevaluate,
reinforce, and discuss adher-
ence issues

ed, 28 with 1 assess-
ment

No significant differ-
ences in MVPA between
groups

PA: weekly MVPAh

measured by Phone-

FITTi questionnaire

24-week group exercise
program (strength, bal-
ance, cardiovascular, and
flexibility exercises) +

[Pedometer] 6 sessions of 60
to 90 minutes of motivation-
al interviewing and behavior
change techniques over 6

Community-dwelling
older adults from Falls
Management pro-
gram, mean age

Audsley et al
[44], 2020,
United King-
dom

30-minute 2 times permonths; pedometer useIG=76.9 (SD 7.0)
week home exercise pro-worksheets with PA diaries

+ usual care
years; CG=73.8 (SD
6.4) years, 73.3% fe-
male, n=50

gram; how to get up from
a fall and strategies to re-
duce inactivity

Higher overall energy
expenditure in usual care

PA: modified 7-day Ac-
tivity Interview; activity

Usual care not defined[Telerehabilitation] Tele-
health symptom manage-

Postoperative CABSj

(aged >65 years),

Barnason et
al [32],
2009, United
States

group, except at 3 weeks
where intervention group
had higher expenditure;

counts by accelerometer;
Physical Activity and
Exercise Diary; quality

of life: MOS SF-36k

ment for 6 weeks on strate-
gies to address common
symptoms after CABS and
improve outcomes (eg, PA
and functioning) + usual
care

mean age 71.2 (SD
4.9) years, 17% fe-
male, n=280

no other significant differ-
ences

Increased steps and min-
utes per week in MVPA

PA: steps per day and
MVPA per week mea-
sured by Actigraph

Standard outpatient PT,
including printed home
exercise program; 6
monthly phone calls after

[Wearable] 6-month stan-

dard outpatient PTm with a
Fitbit Zip, weekly steps per
day goal from a PT, 6

Unilateral TKRl (aged
>45 years), mean age
67 (SD 7.0) years,
53.4% female, n=43

Christiansen
et al [38],
2020, United
States

for intervention group at
both follow-ups

discharge discussing
overall health

monthly phone calls from a
research assistant

Significantly improved
8-foot up-and-go test and

PA: pedometer steps per

dayg; function: chair

Conventional pulmonary
rehabilitation of exercise
training, dietary interven-

[Pedometer] 4 sessions of
30-minute exercise counsel-
ing (steps per day goal set-

COPDn (aged 40-85
years), mean age
IG=65 (SD 10.4)

de Blok et al
[27], 2006,
Netherlands 2-minute step test for in-

tervention group; no sig-
stand, arm curl, 8-foot
up-and-go, 2-minute steption, and psychoeduca-

tional modules over 9
weeks

ting), pedometer feedback
for 10 weeks + usual care

years, CG=62.5 (SD
12.3) years, 75% fe-
male, n=21

nificant differences be-
tween groups in steps per
day

test; other: Beck Depres-
sion Inventory

Significant improvement
in mean VO2 peak

PA: CPETq VO2
r peakg,

accelerometer PA, self-

Center-based cardiac re-
habilitation for 12 weeks
(45 sessions—2 exercise

[Multicomponent] 24-week
PA telerehabilitation; exer-
cise training protocols +

Cardiac conditions

(CADo and CHFp),
mean age 61 (SD 8.5)

Frederix et
al [33],
2015, Bel-
gium

(P<.001), steps per day,
MET-minutes per week
of MVPA (P=.01), and

report IPAQ converted to

METs-minutes per week
of MVPA; quality of life:
HeartQoL

sessions per week, di-
etary consultation, and
psychologist session)

center-based cardiac rehabil-
itation for 12 weeks (usual
care)

years, 17% female,
n=140

health-related QoLt

(P=.01) for intervention
group
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Key findingsOutcomesUsual careInterventionaPopulation, sample
size (n)

Study and
country

No significant differ-
ences in 6MWT; howev-
er, intervention group
maintained improvement
at 22 weeks; significantly
improved HADS and de-
pression scores (P<.05)
and COPD Assessment
Test scores (P=.04) in in-
tervention group

PA: accelerometer PA;

function: 6MWTg,u, 30-
second sit-to-stand; qual-

ity of life: HADSv, EQ-

5Dw; COPD: COPD as-
sessment test and Clini-
cal COPD Questionnaire

10-week conventional
pulmonary rehabilitation
program including group-
based supervised, stan-
dardized 60-minute exer-
cise program 2 times per
week in conjunction with
1 time per week educa-
tion session lasting 60-90
minutes

[Telerehabilitation] 10-week
telerehabilitation program
including group-based super-
vised, standardized 35-
minute exercise program via
videoconference, followed
by 20 minutes of patient ed-
ucation 3 times per week

COPD (no participa-
tion in pulmonary re-
habilitation in the pre-
ceding 6 months),
mean age 68.3 (SD
9.0) years, 55% fe-
male, n=134

Hansen et al
[28], 2000,
Denmark

aThe authors grouped interventions by the type of smart technology; groupings are indicated in square brackets at the beginning of each intervention
description.
bT2DM: type 2 diabetes mellitus.
cIG: intervention group.
dCG: control group.
ePA: physical activity.
fIPAQ: International Physical Activity Questionnaire.
gPrimary outcomes of the individual studies.
hMVPA: moderate to vigorous physical activity.
iFITT: Frequency, intensity, type, and time
jCABS: coronary artery bypass surgery.
kMOS SF-36: Medical Outcomes Study 36-item Short Form survey.
lTKR: total knee replacement.
mPT: physiotherapy.
nCOPD: chronic obstructive pulmonary disease.
oCAD: coronary artery disease.
pCHF: congestive heart failure
qCPET: cardiopulmonary exercise testing.
rVO2: maximal oxygen uptake.
sMET: metabolic equivalent.
tQoL: quality of life.
u6MWT: 6-minute walk test.
vHADS: Hospital Anxiety and Depression Scale.
wEQ-5D: EuroQoL 5 Dimensions.
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Table 2. Characteristics of included studies with author names beginning with K to Z.

Key findingsOutcomesUsual careInterventionaPopulation, sample
size (n)

Study and
country

Significant increase in
walking time (P=.04),

PA: total PA as measured
by accelerometer; func-

Home-based pulmonary
rehabilitation including

[Pedometer] Pedometer +
home-based pulmonary reha-

COPD, mean age
IG=74 (SD 8) years;

Kawagoshi
et al [29],

dyspnea, and quadricepstion: quadriceps musclebreathing retraining, exer-bilitation including breath-CG=75 (SD 9) years,
11% female, n=39

2015, Fin-
land force in intervention

group; significant im-
force; 6MWT; Pul-
monary: Chronic Respira-

cise training, respiratory
muscle training, and

ing retraining, exercise
training, respiratory training,

provements in pulmonarytory Disease Question-
naire

monthly 45-minute educa-
tion sessions

and monthly 45-minute edu-
cation sessions function tests, 6-minute

walk distance, and
Chronic Respiratory Dis-
ease Questionnaire in
both groups

Significantly increased
steps per day (P=.02) in

PA: walking minutes per

weekb total PA, MVPA,

1:1 initial counseling
session, pedometer use;
additional (up to 28) 10

[Telerehabilitation] 1:1 ini-
tial counseling session, pe-
dometer use; additional (up

Community-dwelling
adults aged 50 years,
mean age 62.3 (SD

King et al
[42], 2020,
United
States

intervention group; signif-
icant decreases in both
groups for reported
sedentary time

daily PA measured by
accelerometer, self-report
weekly sedentary behav-
ior; quality of life: Vitali-
ty Plus scale

to 15 minutes counseling
sessions conducted by a
human advisor over 12
months

to 28) 10 to 15 minutes
counseling sessions by a
virtual advisor over 12
months

8.4) years, 78.8% fe-
male, n=245

Significant increase in
MVPA (P=.04), walking

PA: steps per day mea-
sured by accelerometer;

Conventional behavior
change techniques via

[Smartphone app] Smart-
phone apps for individual-

Mild cognitive impair-
ment and physical

Kwan et al
[41], 2020,
Hong Kong time (P=.03), steps per

day (P=.02), brisk walk-
MVPA and non-MVPA
per week measured by

PA counseling, telephone
follow-up, health educa-

ized goals, to log PA data,
performance reviews, and e-

frailty, mean age 71.0
(SD 9.0) years, 85%
female, n=33 ing (P=.009), and peak

cadence (P=.003) for in-
accelerometer; other:
Fried frailty index; Mo-

CAc

tion, and exercise train-
ing. All interventions
were for 12 weeks

reminders; communication
app for e-coaching, personal-
ization of goal settings, and
messages of praise + control

tervention group; adher-
ence to face-to-face ses-

intervention; all interven-
tions were for 12 weeks

sions was 100% for both
groups; smartphone
compliance was 54.1 (SD
1.2) days per participant
(range 0-56 days)

No significant difference
in PVO2 between groups;

PA: self-reported PA
measured by IPAQ; oth-

er: PVO2
d assessed dur-

Encouraged to participate
in cardiac rehabilitation
typically including educa-
tion sessions, psychologi-

[Multicomponent] Automat-
ed text messages for 24
weeks encouraging 30 min-
utes per day MVPA 5 days

Ischemic heart dis-
ease, mean age 60.2
(SD 9.3) years, 19%
female, n=171

Maddison et
al [34],
2015, New
Zealand

significant improvements
in self-report PA (P=.05),
walking (P=.02), self-ef-ing CPETb; self-efficacy

and motivation to exer-
cise; SF-36 and EQ-5D

cal support, and PA en-
couragement and offer to
join a supervised exercise
club

per week + regular exercise
prescription, behavior
change strategies, website
access with model vignettes,
self-monitoring, information

ficacy (P=.04), and
health-related QoL
(P=.03) in intervention
group

Significant increase in
PA (P<.001) and exercise

PA: steps per dayb mea-
sured by pedometer; oth-

3 monthly counseling
sessions with physician
and PT to increase PA,

[Pedometer] Pedometer use
and steps per day goals for
3 months, 3 monthly follow-

Stable COPD, mean
age 68.7 (SD 8.5)
years, 39.2% female,
n=102

Mendoza et
al [30],
2020, Chile capacity (P=.03) in inter-

vention group
er: health status and exer-
cise capacityadvised to walk mini-

mum 30 minutes per day
up sessions with a physician
and physiotherapist to in-
crease step count

Mixed intervention in-
creased PA level (P=.04);

PA: self-report using

IPAQ-Se; other: stages of

No intervention received[Website] Three groups, all
3-month duration: (1) web-
based intervention (PA pro-

Community-dwelling
adults (aged 50 years),
mean age IG1=61.2

Mouton and
Cloes [45],
2015, Bel-
gium

center-based intervention
(P<.001) and mixed inter-
vention (P=.01) in-

change; awareness of
PA; and participant accep-
tance of intervention

motion + monthly PA feed-
back); (2) center-based inter-
vention—12 weekly ses-

(SD 6.3) years;
IG2=69.8 (SD 7.4)
years; IG3=63.2 (SD creased PA stages of

sions of group exercise; and5.7) years; CG=66.1 change; web-based inter-
(3) mixed intervention (web-(SD 6.8) years, 60%

female, n=149
vention (P=.02) and
mixed intervention
(P<.001) increased PA
awareness

and center-based interven-
tion)
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Key findingsOutcomesUsual careInterventionaPopulation, sample
size (n)

Study and
country

Significant increase in
steps per day for interven-
tion group

PA: daily activity mea-
sured by accelerometer;
function: 6MWT; 4-me-
ter gait speed; grip

strength; SPPBg

Usual care including 2
for per week center-based
exercise intervention for
8 weeks; instruction to
achieve 150 minutes of
MVPA per week for re-
maining 12 weeks; behav-
ioral counseling to en-
courage nonexercise PA

[Wearable] Activity tracker
+ strategies to increase PA
for 20 weeks; usual care (8-
week center-based exercise
intervention); goal to
achieve 150 minutes of
MVPA per week for 12
weeks; encouragement of
nonexercise PA

Community-dwelling
adults (aged 60 years)
with moderate to high

risk of CVDf events,
mean age 72 (SD 7.4)
years, 60% female,
n=40

Roberts et al
[35], 2019,
United
States

No significant differ-
ences in steps per day;
nonsignificant improve-
ment in health status in
intervention group; 86%
adhered to the activity
coach

PA: steps per dayb mea-
sured by pedometer;
COPD: Clinical COPD
Questionnaire (health
status); other: compliance

Could consist of medica-
tion and weekly group
training PT sessions

[Multicomponent] 4-week
daily use of mobile activity
coach for feedback, motiva-
tion, and target PA levels +
usual care (medication and
PT—weekly group training
sessions)

Stable COPD, mean
age IG=65.2 (SD 9.0)
years; CG=67.9 (SD
5.7) years, 37% fe-
male, n=34

Tabak et al
[31], 2014,
Netherlands

23% steps per day in-
crease for intervention
group vs 15% decrease
in control group; im-
proved usual pace gait
speed (P=.04) and isomet-
ric leg strength
(21%—compared with
3.5% loss in control
group)

PA: steps per dayb by
pedometer, PA over time
(accelerometer); func-
tion: leg muscle strength;
100-foot timed walk-
turn-walk; timed stair
climb; timed chair rise

12 sessions of 1-hour
arthritis self-management
education (including a
session on exercise)

[Pedometer] Pedometer use
+ daily step goals; education
booklet on exercise and
managing pain; usual care
(12 sessions of 1-hour
arthritis self-management
education)

Symptomatic knee

OAh, aged ≥60 years,
mean age IG=69.6
(SD 6.7) years;
CG=70.8 (SD 4.7)
years, 76.5% female,
n=34

Talbot et al
[39], 2003,
United
States

Significantly slower rate
of decline in PA (P=.01)

and lower rate of PIj

(0.04); significantly
higher PA levels
(P<.001) in intervention
group

PA: diabetes self-care
activities for assessment
of PA; other: feasibility;
acceptability; and CARE
Depression Instrument

Usual care from PCPi;
PA encouraged by pe-
dometer use with goals
set between participant
and PCP for 2 years

[Multicomponent] Educa-
tional videoconferencing for
4-6 weeks to review blood
glucose and blood pressure
measurements; pedometer
use with goals set for 2 years

Diabetes mellitus,
mean age 70.9 (SD
6.8) years, 63% fe-
male, n=1650

Weinstock et
al [37],
2011, United
States

Compared with usual
care group 2, significant
increases in steps per
day, self-reported walk-
ing, and total MVPA at
3, 6, and 12 months in
intervention group (all
P<.05)

PA: steps per day mea-
sured by pedometer, self-
reported walking by
IPAQ, and total MVPA

Two groups: (1) Same
education session as inter-
vention but no pedometer
and (2) usual care—infor-
mation pamphlet

[Pedometer] Pedometer use
+ 180-minute education ses-
sion on causes and complica-
tions of impaired glucose
tolerance + exercise informa-
tion

Overweight or obese
(BMI ≥25), mean age
65 (SD 8) years, 34%
female, n=87

Yates et al
[40], 2009,
United King-
dom

aThe authors grouped interventions by the type of smart technology; groupings are indicated in square brackets at the beginning of each intervention
description.
bPrimary outcomes of the individual studies.
cMoCA: Montreal Cognitive Assessment.
dPVO2: peak oxygen uptake.
eIPAQ-S: International Physical Activity Questionnaire-Short.
fCVD: cardiovascular disease.
gSPPB: Short Performance Physical Battery.
hOA: osteoarthritis.
iPCP: primary care provider.
jPI: physical impairment.

Interventions
Detailed descriptions of the smart technology interventions in
each study are provided in Multimedia Appendix 1. A total of
16 studies included a single smart technology component,
including smartphone apps [36,41], wearable activity trackers

(eg, Fitbit) [35,38], telerehabilitation (eg, video conferencing,
virtual advisor, or health buddy device) [28,32,42], and
pedometers (ie, only provides step counts)
[27,29,30,39,40,43,44], whereas the remaining 3 had multiple
components, including video conference and pedometer [37];
website and SMS text messaging [34]; and website plus
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pedometer, SMS text messaging, and email [33]. A total of 15
studies included smart technology and a face-to-face component
in the intervention group [27,29-36,38-41,43,44]. Furthermore,
4 studies evaluated smart technology alone versus face-to-face
alone [28,37,42,45]. The length of interventions ranged from
10 weeks [27] to 1 year [29], and follow-ups ranged from 6
weeks [32] to 2 years [37].

Risk of Bias
Overall, the risk of bias was a concern for studies included in
this review. On the basis of the outcome with the highest risk
of bias (ie, if we assessed risk of bias for 3 outcomes in a study
and 1 of those was rated a high risk of bias and the other 2 were
some concerns, we rated the study as high risk of bias), 14
s t u d i e s  w e r e  j u d g e d  t o  b e  h i g h  r i s k
[27,29,31,32,34,36,37,39-45], 4 studies had some concerns
[28,30,35,38], and 1 study had a low risk of bias [33]. The areas
of greatest concerns were missing outcome data (10/19, 53%
high risk) and risk of bias related to measurement of the outcome
(eg, awareness of intervention and influence of knowledge of
intervention on the assessment; 9/19, 47% high risk). A
summary figure is available in Multimedia Appendix 1.

Physical Activity

Overview
All included studies assessed the effect of smart technology
interventions on PA [27-45]. The types of PA evaluated included
steps per day [27,28,30,33,35,36,38-40,42], total PA
[28,33,34,36,37,41-43,45], moderate to vigorous PA
[32,38,40-42,44], and walking [29,33,34,40-42], assessed either

directly (eg, with pedometer or activity tracker) or indirectly
(eg, self-report measures such as the International Physical
Activity Questionnaire [33,34,36,40,45], Diabetes Self-Care
Activities for assessment of PA [37], Community Health
Activities Model Program for Seniors PA [42], Physical Activity
Scale for the Elderly [41], activity diary [32], and Active
Australia Survey [43]). Studies were grouped by type of PA,
and 4 meta-analyses were performed for daily step counts, total
PA, moderate to vigorous PA, and walking (Figure 2).

Compared with face-to-face interventions, interventions that
included smart technology improved step count, with the
meta-analysis of 11 studies and 738 participants demonstrating
a MD of 1440 steps (95% CI 500-2390; Figure 2)
[27,28,30,31,35,36,38-42]. Smart technology also improved
total PA scores (8 studies, n=2069; SMD 0.17, 95% CI
0.17-0.52) and walking (4 studies, n=560; SMD 0.26, 95% CI
0.10-0.43) compared with face-to-face interventions. The
meta-analysis of 3 studies (n=475) for moderate to vigorous PA
was not statistically significant (SMD 0.04, 95% CI −0.14 to
0.22). We performed sensitivity analyses for all outcomes except
moderate to vigorous PA. On the basis of the results of the risk
of bias for the sensitivity analyses, we removed 5 studies with
high risk of bias in the steps per day; however, the remaining
6 studies still favored smart technology with a MD of 2.03 (95%
CI 0.35-3.71). Only 2 studies remained with 1388 participants
for total PA; the difference was no longer significant with a
SMD of 0.27 (95% CI −0.18 to 0.72). Finally, our sensitivity
analysis for walking containing 2 studies (n=384) was not
significant with a SMD of 0.22 (95% CI −0.04 to 0.48).
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Figure 2. Meta-analysis of effect of smart technology versus face-to-face alone on physical activity (PA).

Subgroup Analyses

Smart Technology Components

We completed meta-analyses for subgroups according to the
type of smart technology that was used for steps per day and
total PA scores (Multimedia Appendix 1, section 5). Studies
assessing steps per day used pedometers [27,30,39,40],
smartphone apps [36,41], telerehabilitation [28,42], and
wearable activity trackers in their interventions [35,38]. When

examining the effects of each intervention component separately,
only smartphone apps (MD 3.07, 95% CI 0.5-5.55) and wearable
activity trackers (MD 2.29, 95% CI 1.44-3.13) showed
significant improvements in favor of smart technology
interventions. Smart technology interventions for studies that
assessed total PA included pedometers [43], telerehabilitation
[42], websites [45], smartphone apps [36,41], and interventions
including multiple smart technology components [33,34,37].
In the subgroup meta-analyses, smartphone apps showed
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significant improvements in total PA scores compared with
face-to-face alone (SMD 0.37, 95% CI 0.10-0.63), and
multicomponent interventions favored smart technology, but
the effect was not statistically significant (SMD 0.23, 95% CI
−0.05 to 0.51).

Smart Technology Alone

There was a large variability in the components making up smart
technology interventions in the included studies. Only 4 RCTs
(n=1701) evaluated the effect of an entirely smart technology
alone intervention (ie, did not include any in-person

consultations) versus face-to-face alone [28,37,42,45]. Subgroup
analyses were performed for both steps per day and total PA
scores. For both outcomes, the pooled results were not
significant and did not appear to favor either intervention (Figure
2).

The evidence for the effect of smart technology interventions
on PA was judged to be very low based on the GRADE criteria
(Figure 3). Therefore, our confidence in the effect estimate is
limited, and the true effect is likely to be different from the
estimated effect.

Figure 3. Grading of Recommendations Assessment, Development, and Evaluation (GRADE) summary of findings table.
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Physical Function

Overview
Of 19 studies, 10 (53%) evaluated some aspects of physical
function. The most common performance-based measures were
the 6-minute walk test (6-MWT) [28-30,35,41] and the
30-second sit-to-stand test [27,28,39]. The remaining 13
measures were only included in 1 or 2 studies (eg, 4-meter gait
speed [34], short physical performance battery [34], timed stair
climbing [35], peak VO2 [14,39], hand grip strength [31,34],

maximal inspiratory and expiratory force [29], and quadriceps
force) [29,35] and therefore were not pooled (Figure 4). In total,
5 RCTs were pooled in a random effects meta-analysis for
6-MWT including 327 participants, with a MD of −1.77 m (95%
CI −2.63 to −0.90) [28,29,32,34,38]. Furthermore, 3 studies
(n=184) that used the 30-second sit-to-stand test found no
significant difference between interventions (SMD −0.37, 95%
CI −1.66 to 0.92). The sensitivity analysis for the 6-MWT test
included 3 studies (n=267). After removing those with a high
risk of bias, the difference was not statistically significant (MD
−3.26, 95% CI −19.97 to 13.45; Multimedia Appendix 1).

Figure 4. Meta-analysis of smart technology versus face-to-face alone for physical function. 6MWT- 6-minute walk test.

Subgroup Analyses

Smart Technology Intervention Components

We conducted additional meta-analyses on 5 studies that
included the 6-MWT as an outcome by type of smart technology
intervention component: pedometers [29,30], smartphone apps
[41], telerehabilitation [28], and wearable activity trackers [35].
We examined the effects of pedometer interventions on the
6-MWT on their own. There was a nonsignificant MD (4.40,
95% CI −25.28 to 34.07). Smart technology components
included in the 3 studies with the 30-second sit-to-stand test
were pedometers [27,39] and telerehabilitation [28]. The
findings were nonsignificant for pedometers compared with
face-to-face alone with an MD of −0.60 (95% CI −2.14 to 0.94).

Complete results for these meta-analyses are available in section
6 of Multimedia Appendix 1.

Smart Technology Alone

Only 1 study (n=134) examined a smart technology intervention
alone using telerehabilitation (video conferencing) [28]. For
both the 6-MWT and the 30-second sit-to-stand test, results in
this study favored the face-to-face intervention.

The evidence for the effect of smart technology on the 6-MWT
and the 30-second sit-to-stand test was judged to be very low
based on the GRADE criteria. Therefore, our confidence in the
effect estimates is limited, and the true effect may be
substantially different from the estimated effect.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e36134 | p.257https://www.jmir.org/2022/10/e36134
(page number not for citation purposes)

D'Amore et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Adherence Rates
A total of 10 studies did not report adherence rates
[30,32-34,37,38,40,43,45]. Two studies reported overall
adherence to the intervention [28,42], and 7 studies reported
adherence to the components of the intervention
[27,29,31,35,39,41,44]. Overall, across the available studies,
adherence rates to smart technology interventions ranged from
64.8% [42] to 95.5% [27]. Adherence to specific smart
technology interventions was reported as follows: pedometers
ranged from 76% [39] to 95.5% [27], and telerehabilitation
ranged from 64.8% [32] to 85% [28]. The adherence to
face-to-face interventions ranged from 64% [28] to 100% [41].

Secondary Outcomes
Three studies measured depression using different scales,
including the Hospital Anxiety and Depression Scale [28], Beck
Depression Inventory [27], and Care Depression Instrument
[37]. We pooled data from 2 RCTs for a random effects
meta-analysis, which showed no significant difference between
interventions that included smart technology and face-to-face
alone (SMD 0.09, 95% CI −0.23 to 0.41) [27,28]. Furthermore,
6 studies measured HRQoL using the Clinical COPD
Questionnaire [28,31], St George’s Respiratory Questionnaire
[27,30], HeartQoL global score [33], and Chronic Respiratory
Disease Questionnaire [29]. A meta-analysis of 6 studies
demonstrated a significant SMD (0.31, 95% CI 0.11-0.51) in
favor of smart technology interventions. For HRQoL, we
completed a subgroup analysis by smart technology component;
multicomponent interventions (n=2; SMD 0.35, 95% CI
0.05-0.66) showed significant improvements compared with
face-to-face alone, but pedometers did not (n=3; SMD 0.04,
95% CI −0.49 to 0.57). After performing a sensitivity analysis
excluding studies with a high risk of bias, our results did not
change the significance or direction of results. Only 1 study
examined anxiety using the Hospital Anxiety and Depression
Scale and demonstrated an improvement in favor of smart
technology at the first follow-up [28]. Meta-analyses for
secondary outcomes are available in Multimedia Appendix 1.

Discussion

Principal Findings
PA is integral to reducing age-related illness and disability. This
review of 19 studies involving 3455 patients found that
interventions that include smart technology may improve steps
per day, total PA, walking, and HRQoL in older adults.
Although the overall quality and certainty of the evidence were
judged to be very low and more precise estimates will need to
be obtained, our results may have important implications for
research and practice on PA promotion, especially in the context
of the COVID-19 pandemic and public health restrictions.

Among the included studies, we found that most (n=15) smart
technology interventions used multiple components with
intervention groups also receiving a face-to-face component.
One of the challenges of multicomponent interventions is that
it limits our understanding of the effectiveness of smart
technology alone. For example, intervention and control groups
in several studies received usual care, with the only difference

between groups being the addition of a pedometer or wearable
activity tracker [29,38-40]. Of the 4 studies examining smart
technology alone, 2 examined the effect on steps per day; our
subgroup analysis found a nonsignificant difference of 260 steps
per day favoring smart technology [28,42]. Notably, the results
from these 2 studies were contradictory, with Hansen et al [28]
reporting that face-to-face interventions were more effective.
However, they evaluated patients with severe COPD and
reported a decline in PA for both groups over the course of the
study. This may be caused, in part, by the progressive nature
of COPD or by the short length of the intervention at only 10
weeks [28]. In line with our meta-analysis for steps per day, the
3 RCTs examining the effect of smart technology alone on total
PA showed a small, nonsignificant effect favoring smart
technology [37,42,45]. It will be important for future work to
determine whether smart technology on its own is more, less,
or as effective as face-to-face interventions. This is especially
important during the COVID-19 pandemic, as in-person contacts
should be limited to minimize the risk of transmission.
Conversely, if smart technology interventions alone are less
effective, it will be important to revert to including some type
of face-to-face component as soon as it is safe and feasible.

Patient-important outcomes were not well represented in our
included studies, which highlights an important gap in the design
and reporting of smart technology interventions. Among 19
studies, only 7 (37%) unique studies reported on
patient-important outcomes: 6 reported on HRQoL [27-31,33],
3 on depression [27,28,37], and 1 on anxiety [28]. Evidence has
demonstrated associations between PA levels and mental health
and quality of life in older adults [51]. Therefore, it is vital that
research includes these measures to further our understanding
of the magnitude and direction of these relationships. This is
timely as we have seen the prevalence of depression and anxiety
increasing over the last 2 years with the pandemic and public
health restrictions [52]. Older adults have been shown to be at
an increased risk for anxiety [52]. In addition to the lack of
patient-important outcomes, we found that data on intervention
adherence were largely missing or inconsistently reported. This
leads to several challenges, including understanding the
acceptability of these interventions for older adults and
interpreting results of the primary studies. For example, if
adherence to the intervention was poor, it would be difficult to
appreciate if the differences (or lack thereof) between groups
were because of intervention failure or implementation failure.
The issue of acceptability is also crucial, particularly considering
that the current literature on the usability of technology in this
population is limited.

Our results suggest that the type of smart technology used for
PA interventions may influence the effectiveness of the
intervention. We found that studies that used smartphone apps
led to significant improvements in steps per day and total PA
scores [53]. Other systematic reviews examining the
effectiveness of mobile phone interventions in adults aged >18
years and >50 years and older adults (>65 years) have shown
mixed evidence for improving PA [53-55]. Potential reasons
for these discordant results may be the diversity of interventions
within control groups, small sample sizes, and moderate to high
levels of heterogeneity across studies [53,54]. We also found
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that wearable activity trackers significantly improved the number
of steps per day. Researchers should consider the type of smart
technology in conjunction with the PA goals and the population
to achieve the best outcome. Further research is warranted to
determine the optimal types of smart technology interventions
for older adults.

The existing literature has several limitations that warrant future
research. Our findings are based on very low quality of evidence,
as per the GRADE criteria. All included studies had some
concerns or a high risk of bias, most commonly because of
missingness of outcomes, lack of intention-to-treat analyses,
inadequate allocation concealment, and lack of prespecified
statistical analyses or protocols. The variability in populations,
smart technology interventions, control group interventions,
and outcomes among studies are major contributing factors to
the large degree of statistical heterogeneity. Furthermore, most
studies used multiple components, making it difficult to assess
which parts may have contributed to differences between groups
or, conversely, if additive components may have diluted a
potentially effective intervention. Importantly, 79% (15/19) of
the studies included an element of face-to-face interaction in
the intervention group, making it difficult to evaluate the
effectiveness of smart technology alone. Due to the limited
number of studies and small sample sizes, there is a need to
group studies and smart technologies broadly to have sufficient
sample sizes to conduct meta-analyses. Given that different
smart technologies can be used for different intervention
components, it may be difficult to apply our findings in practice
when designing interventions. Although we conducted subgroup
analyses where there were sufficient data, there is a need for
additional research comparing different types of smart
technologies for supporting specific PA interventions in older
adults [18,19,23]. Finally, our results may have been influenced
by the high risk of performance bias caused by the
impracticability of blinding therapists and participants owing

to the nature of the interventions. Future research should focus
on minimizing the risk of bias, evaluating individual smart
technology components and smart technology alone, and
including standardized control groups. Improved reporting of
control group interventions may also assist with interpretation
of results.

This review also has some limitations. We did not include gray
literature owing to a lack of central sources to identify and
retrieve these citations [56]. In addition, we excluded studies
published in languages other than English because of the
feasibility of the review. Therefore, our cohort of studies may
not represent the entirety of the literature. This review has
several important strengths. To the best of our knowledge, this
is the first study to attempt to compare smart technology
interventions specifically with face-to-face interventions, which
is critical for determining their effectiveness compared with
traditional modes of delivery. In addition, we published our
peer-reviewed protocol, and we developed and conducted our
search in collaboration with a health research librarian.

Conclusions
In the context of substantial heterogeneity and very low quality
of evidence, our results suggest that PA interventions that
include smart technology components may significantly improve
steps per day and total PA in community-dwelling older adults.
Subgroup analyses showed that smartphone apps and wearable
activity trackers seem to be the most effective smart technology,
which may be helpful for health care practitioners when
determining appropriate methods of remote PA promotion.
When comparing smart technology alone with face-to-face
alone, there were few studies with discordant results and no
significant differences between groups. The results should be
interpreted with caution given the challenges with the existing
literature cited in the discussion.
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Abstract

The Hippocratic Oath (the “Oath”) is a longstanding body of ethical tenets that have undergone several amendments to accommodate
changes and evolutions in the practice of medicine. In their recent perspective entitled, “A Revised Hippocratic Oath for the Era
of Digital Health,” Meskó and Spiegel offered proposed amendments to the Oath to address both challenges and needs that follow
digital health implementation in clinical practice. In this commentary, we offer additional thoughts and considerations to Meskó
and Spiegel’s proposed amendments to accomplish two goals: (1) reflect on the shared goals and values of all digital health
stakeholders and (2) drive home the focus on affirming patient choice, autonomy, and respect.

(J Med Internet Res 2022;24(10):e43383)   doi:10.2196/43383

KEYWORDS

digital health; Hippocratic Oath; eHealth; ethics; digital divide

Introduction

History repeatedly reveals that as society faces accelerated
change brought by industrial revolution, both institutions and
those operating within them must adapt to and endure such
changes to survive. Health care institutions, and the practice of
medicine in general, are no exception, as we see today in the
digital health era.

Meskó and colleagues [1,2] have defined the “digital health
era” as today’s era in which a “cultural transformation of how
disruptive technologies that provide digital and objective data
accessible to both health care providers and patients leads to an
equal-level doctor-patient relationship with shared
decision-making and the democratization of care.” Therefore,
this definition naturally sparks a multilayered discussion around
the ethics of digital health implementation in clinical practice.

The longstanding Hippocratic Oath (the “Oath”), for example,
and as discussed recently by Meskó and Spiegel [3] in their
latest perspective entitled, “A Revised Hippocratic Oath for the
Era of Digital Health,” is one such level at which the basic
ethical tenets of health care can or should be reimagined.

In this commentary, we aim to accomplish two goals in response
to Meskó and Spiegel’s [3] proposed changes to the Oath: (1)
reflect on the shared goals and values of all digital health
stakeholders and (2) drive home the focus on affirming patient
choice, autonomy, and respect.

Key Considerations and
Recommendations

As the medical community contemplates Meskó and Spiegel’s
[3] proposed new text (in brackets) for the digital health era,
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we offer line-by-line comments and considerations that serve
to encourage deeper thought around the real-world implications
for a potentially revised Oath.

I will respect the hard-won scientific gains of those
physicians, [researchers, and patients] in whose steps
I walk, and gladly share such knowledge as is mine
with those who are to follow.

Today, health care is accelerated by the rapid development and
implementation of electronic health records, patient-provider
portals, mobile health apps, wearable biosensors, artificial
intelligence, social media platforms, etc, in brick-and-mortar,
remote, and virtual reality settings. Those responsible for such
rapid developments, including their clinical implementation,
are clinicians in general (not just physicians), inventors, patients,
insurers, technology developers, venture capitalists, and many
other stakeholders. Their collective hard-won scientific gains
should be acknowledged in the Oath to not just give credit as
due but also offer transparency around who is involved in the
scientific advancements that drive health care in the 21st
century.

I will apply, for the benefit of [the healthy and] the
sick, all measures [that] are required, avoiding those
twin traps of overtreatment and therapeutic nihilism.

Healthy patients and patients with low health care utilization,
for whatever reason, often lack a digital footprint in health care
settings (ie, lack an electronic medical record history).
Therefore, all patients with seemingly low or lack of health care
utilization may erroneously be interpreted by artificial
intelligence or machine learning algorithms that process digital
health data (eg, electronic medical record data) as “healthy.”
This is especially true for noncentralized health care systems
like those within the United States, where patients may either
lack a digital health record altogether due to a lack of insurance
status or have fragmented digital health records due to multiple
changes in employer-sponsored insurance coverage. This may
lead to negative consequences, including inappropriate
recommendations for patients based on incorrect estimates of
health care utilization patterns. Therefore, it is important to
consider potential algorithmic errors that accompany sole or
vast reliance on digital health tools in lieu of adopting a more
holistic and interpersonal approach to patient care. Additionally,
it is important to contemplate the role that digital health plays
in triggering illness in seemingly healthy individuals (eg, social
media contributing to the onset of depression, anxiety due to
overscreening, etc).

I will remember that there is an art to medicine as
well as science, and that warmth, sympathy, and
understanding may outweigh the surgeon’s knife, the
chemist’s drug [or the programmer’s algorithm].

Patients will increasingly gain digital identities across a growing
range of sensitive health care scenarios that may reach beyond
any programmer’s algorithm (eg, cancer radiology, mental health
or substance abuse, family planning, etc). Therefore, we argue
that empathy is the utmost imperative for the Oath to ensure
that patients are not treated merely as data subjects.

[I will treat my patients in an equal-level partnership,
and] I will not be ashamed to say “I know not,” nor
will I fail to call in my colleagues when the skills of
another are needed for a patient’s recovery.

Patients are increasingly cost-conscientious and, therefore, have
growing needs and demands for cost-related conversations with
clinicians. Moreover, equal-level partnerships in patient-provider
settings are complicated by histories of systemic racism that
have created power imbalances between clinicians and patients.
The paternalistic nature of digital health surveillance complicates
this matter, making equal-level partnerships potentially illusory
to those who have been subjected to negative experiences in
the pursuit of health care. Last but not least, an enormous
amount of information and power asymmetry exists today
between patient communities and health systems, which
contributes to health disparities and poor clinical or health
outcomes for certain groups of people. Therefore, embedding
concepts of equal-level partnership in the Oath may render it
infeasible in practice due to long-standing biases and inequities
that are deeply rooted in many health care systems everywhere.

I will respect the privacy of my patients [and their
data], for their problems are not disclosed to me that
the world may know.

A vast amount of digital health data, particularly in the consumer
health space and marketplace, fall outside of the scope of
existing laws that may protect patient privacy (eg, the US Health
Insurance Portability and Accountability Act). In addition, health
information privacy is often a matter of context, whereas digital
data that are presumably non–health-related can become
health-related depending on when, where, why, and by whom
the data are collected and used (eg, ridesharing and geolocation
apps may collect data about patients’ whereabouts around or
outside of a medical campus). Furthermore, patients may
unknowingly generate data that can become leveraged in the
data marketplace or another venue without the patients’consent.
Therefore, clinicians should fully consider the privacy practices
of digital software or device vendors, health systems, and others
to determine whether these proposed changes to the Oath are
truly feasible in practice. This is especially given that patients
generate large amounts of data as health consumers in general,
causing clinicians to rarely encounter or use such vast quantities
of data in medical practice.

I will remember that I do not treat a fever chart, a
cancerous growth, [a data point, or an algorithm’s
suggestion,] but a human being.

Patients may knowingly or unknowingly become data subjects.
While data are usually averaging a population, clinicians should
always focus on the individual patient sitting in front of them.
Therefore, today it is critical to create and pave a clear path
toward reimagining and reaffirming patient autonomy and
respect across all clinical practice areas and settings in which
digital health is or may become implemented.
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Acknowledging Shared Goals and Patient
Choice, Autonomy, and Respect in the
Digital Era

Although the Oath was developed in ancient Greece, Meskó
and Spiegel [3] noted that the Oath has undergone several

amendments, with perhaps the most recent being led by the
World Medical Association in 1948, resulting in the Declaration
of Geneva [4]. Importantly, the Declaration of Geneva helped
drive greater acknowledgment toward shared goals and values
among clinical stakeholders, as well as patient autonomy and
dignity. These goals are congruent with and complement our
goals for this commentary and should, therefore, not be remiss.
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Abstract

Human-centered design (HCD) is widely regarded as the best design approach for creating eHealth innovations that align with
end users’ needs, wishes, and context and has the potential to impact health care. However, critical reflections on applying HCD
within the context of eHealth are lacking. Applying a critical eye to the use of HCD approaches within eHealth, we present and
discuss 9 limitations that the current practices of HCD in eHealth innovation often carry. The limitations identified range from
limited reach and bias to narrow contextual and temporal focus. Design teams should carefully consider if, how, and when they
should involve end users and other stakeholders in the design process and how they can combine their insights with existing
knowledge and design skills. Finally, we discuss how a more critical perspective on using HCD in eHealth innovation can move
the field forward and offer 3 directions of inspiration to improve our design practices: value-sensitive design, citizen science, and
more-than-human design. Although value-sensitive design approaches offer a solution to some of the biased or limited views of
traditional HCD approaches, combining a citizen science approach with design inspiration and imagining new futures could widen
our view on eHealth innovation. Finally, a more-than-human design approach will allow eHealth solutions to care for both people
and the environment. These directions can be seen as starting points that invite and support the field of eHealth innovation to do
better and to try and develop more inclusive, fair, and valuable eHealth innovations that will have an impact on health and care.

(J Med Internet Res 2022;24(10):e37341)   doi:10.2196/37341
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user-centered design; human-centered design; eHealth, value-sensitive design; citizen science

Introduction

Background
For years, user-centered design (UCD) has been considered to
be a crucial part of eHealth design. It is believed to improve an
innovation’s usefulness and usability [1], to improve end-user
satisfaction with the innovation [2], and to increase the quality
of user requirements [3]. In addition to this, in the context of
eHealth, a strong focus on end users during the design process
(patients, care professionals, or others) is deemed to improve
adoption rates [4-6], patient decision-making [7], patient
engagement [8,9], and patient satisfaction [8]. UCD is a design

approach or philosophy that originated in the 1980s. Two
seminal publications coined the concept [10] and listed its key
principles [11]. According to Gould and Lewis [11], these key
principles are that there should be an early focus on users and
tasks. First, designers should study the users and the tasks that
they need to perform with a technology to understand them
fully. Second, the design team should use empirical
measurements. Prospective end users need to work with
prototypical versions of a technology and their performance
and reactions should then be analyzed in a scientific manner.
Third, one should apply iterative design. Within the design
process, there should be multiple cycles of design, testing, and
redesign. Since then, different publications have provided
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hands-on guidelines on how to implement UCD in practice, for
example, an overview by Maguire [12] of the complete UCD
process and methods to apply at every stage, and an international
standard offering guidance on human-centered design (HCD)
activities (International Organization for Standardization
9241-210 “Human-centred design for interactive systems,” the
latest version being from 2019 [13]). According to the
International Organization for Standardization standard, HCD
“is an approach to interactive systems development that aims
to make systems usable and useful by focusing on the users,
their needs and requirements, and by applying human factors
or ergonomics and usability knowledge and techniques.” The
international standard outlines the following principles that
should be followed in a human-centered approach [13]:

1. The design is based upon explicit understanding of users,
tasks, and environments.

2. Users are involved throughout design and development.
3. The design is driven and refined by user-centered

evaluation.
4. The process is iterative.
5. The design addresses the whole user experience.
6. The design team includes multidisciplinary skills and

perspectives.

Meanwhile, in design research as well as in the field of
human-computer interaction (HCI), the term UCD has become
a topic of much debate. Although the terms UCD and HCD are
often used interchangeably, several authors in these fields have
argued that the term UCD reduces a person to someone using
a technology, failing to see the whole human being that lives
with the technology. Gasson [14], for example, argues for using
HCD instead of UCD to avoid a focus on people as technology
users and to allow a broader view of human activity supported
by technology. In this paper, we will use the term HCD as an
umbrella term for both approaches.

HCD has found its way into eHealth design via several road
maps that specifically focus on health and well-being as a
domain. The Center for eHealth Research (CeHReS) road map
[15] is perhaps the most widely used design road map in the
field and specifies the following 5 main phases in which HCD
is a crucial element: contextual inquiry, value specification,
design, operationalization, and summative evaluation. Each
phase comes with its own goals and selection of methods that
one can apply. The CeHReS road map has been used to guide
the development of a wide range of eHealth apps, such as a
mobile app to support people in dealing with ticks and tick bites
[16], an information dashboard to support nurses in antimicrobial
stewardship [17], or a blended exercise therapy intervention for
patients with knee and hip osteoarthritis [18]. Other design
approaches that heavily hinge on the HCD philosophy and have
been used to guide eHealth development include intervention
mapping [19], the person-based approach [20], and Integrate,
Design, Assess, and Share [21]. Although the authors of these
different approaches have all defined their own phases in the
design process, their makeup and essence are basically the same.
They revolve around extensive end-user (and stakeholder)
involvement, iterative design, and working systematically, the
same principles that the founders of HCD listed.

Many articles report on the results of HCD processes in eHealth
and reflect on the experiences of research and design teams
while using the approach (eg, the studies by Fico et al [4],
Kramer et al [22], and Atkinson et al [23]). This has led to a
body of literature in which the approach receives a lot of praise,
with authors claiming that applying the approach has improved
the quality of their eHealth service. However, critiquing one’s
own approach too much would decrease the value of the design
process results as well as the value of the resulting publication.
This publication bias may have led the community to believe
that HCD is, by definition, the best approach toward eHealth
innovation. In addition, this belief in HCD as the best approach
has influenced the writers of calls in funding programs (such
as the European Union’s Horizon program), in which HCD is
often included as a prerequisite for funding. Focusing calls in
such a way pushes researchers to use an approach that may not
be optimal for their context [24]. In all, it is crucial that the
eHealth design community acknowledges the inherent
limitations of HCD in eHealth, to (1) reduce the positive bias
in their reflections on the application of HCD, (2) raise
awareness among design teams about the limitations of this
design approach, and (3) improve HCD processes for eHealth
by accounting for the limitations of the approach.

Objectives
In this paper, we aimed to provide an overview of the limitations
of using HCD in an eHealth context. These limitations were
derived from our own experiences in numerous HCD processes
for eHealth services as well as from the larger body of
human-centered eHealth design studies. We would like to clarify
that we are not opponents of HCD. A simple Google Scholar
search of our publication records will show that we have used
the approach in the past [17,25,26] and have reflected on its
merits. To elaborate on some of our experiences, the second
author (GL) and colleagues in the MinD—Designing for people
with dementia project reflected on their experiences and on the
complexities of involving people with dementia in the design
and evaluation of (digital) tools that could improve their
psychosocial well-being [27,28]. In another project, we involved
children with breathing problems in the design of a smart
wearable [29]. Both projects aimed to design for a group of
people that was very different from the project team, which
called for the inclusion of end-user experiences in the design
process. The publications referenced here explain how the teams
benefited from working with these groups, creating end results
that were (more) acceptable. Nevertheless, in both cases, the
teams clearly faced challenges when it came to selection of
participants and representation of the complete target group as
well as the interpretation of data gathered during cocreation
sessions. There were discussions in which the information or
knowledge of experts by experience conflicted with related
work and knowledge of the project team. In the smart wearable
project, we started with including the children who would
eventually use the tool in the design process, although child
pulmonologists were also involved. A much larger and more
diverse group of stakeholders, including child physiotherapists,
is involved in a currently running follow-up to this project. This
greatly adds to the complexity of decision-making, as was also
confirmed in another study in which the third author (CG) was
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involved. This study concluded that when multiple groups of
stakeholders are involved, more knowledge is needed on how
to deal with conflicting perspectives [30].

Although we are convinced that HCD approaches are necessary
in the design of eHealth innovations, we think that it would be
healthy for the community if critical reflection on using HCD
becomes common practice, with the ultimate goal of improving
our use of HCD. Of course, we are not the first (nor will we be
the last) to critically reflect on the concept of HCD. Therefore,
before listing the limitations that we would like to stress, we
summarize some of the critical reflections on HCD that have
been published in the past.

Previous Reflections on HCD
In his 2005 essay, “Human-Centered Design Considered
Harmful,” Norman [31] reflects on some of the principles that
underlie HCD; for example, the principle that technology should
always adapt to people and not the other way around. He posits
that this principle is not really true as people indeed adapt to
technology; moreover, technology changes and continues to
change our behaviors and our lives. In fact, in eHealth
innovation, providing a health intervention that changes people’s
behavior or their perspective on health and even their lives is
often the aim. According to Norman [31], improving some
aspects for individuals or groups may worsen them for others,
and the focus on humans and their needs distracts from other
design-related activities and may lead to incoherent and complex
designs. Norman [31], therefore, suggested an activity-centered
design approach, which includes a deep understanding of people
but also fosters a deep understanding of technology, tools, and
the reasons for the activities.

In 2011, a study by Bannon [32] revisited the roots of the HCI
discipline to argue that HCI should develop an even more
human-centered approach. For instance, a focus on augmenting
people’s existing skills goes beyond merely considering the
user (and their requirements) and instead, also prioritizes the
understanding of people, their concerns, activities, and, in
particular, their values and more fundamental needs when
designing new technology [32]. Forlizzi [33] urges moving
beyond UCD toward stakeholder-centered and service design.
Similar to Bannon [32], Forlizzi [33] also reflects on how
drastically the field of HCI and also technology and society
have evolved, broadening the focus of HCI from ergonomics
and usability to also include experience, engagement, and
entertainment. Forlizzi [33] identified the lack of an economic
perspective in UCD approaches; this perspective is needed,
given that today technologies are increasingly being designed
as services used by multiple stakeholders. Hence, she urges the
HCI community to move beyond UCD and to consider a service
design approach that also includes economics [33]. More
recently, the top-down approach of HCD as being traditionally
led by professionals has been criticized, inviting the exploration
and discussion of community-driven design [34,35]. The
argument goes that today’s global challenges deal with complex
sociotechnical systems that require a bottom-up approach in
which communities themselves take the lead to solve problems
collaboratively, facilitated by professionals [34,36]. The value
of actively involving citizens and communities as coresearchers

is also well known in approaches such as participatory action
research and citizen science [37-39].

These reflections on HCD show that the primary focus on
“knowing the end user” is too narrow, and extensions or new
approaches have been developed to respond to the need for
including additional perspectives and dimensions. Although it
incorporates some of the views mentioned previously, this paper
specifically focuses on health and well-being as an application
domain and the limitations of HCD that we experienced and
observed in previous eHealth projects.

Limitations of HCD in eHealth

Limitation 1: HCD Tends to Lead to Sampling Bias
“It’s not for me, but my neighbor would love this” is what we
often hear participants say during design sessions. It makes one
wonder, if we always hear this, are we designing something
that nobody wants? Or are we talking to the wrong people?
HCD methods most often rely on studying a relatively small
sample in depth; this approach is prone to a range of sampling
biases. By default, we are not talking to the right people, as not
everybody can join the sessions; some specific groups will not
be represented at all, whereas other groups are overrepresented
(a selection bias) [40]. For example, in a case study by
Haslwanter et al [41] that aimed to design a product that enables
older adults to stay independently at home for longer, certain
methods such as inviting the target audience to a demonstration
house led to a recruitment bias in terms of gender, level of
mobility, and interest in technology. This sampling bias is
further compounded by the difficulty of finding people who are
willing and able to spend their time in an interview or design
activity. Participating in a design study can be quite
time-consuming, meaning that patients need to combine this
with their (high) disease burden. Jongsma and Friesen [42]
pointed out that participatory research is either too demanding
and therefore unfeasible or too uninclusive and therefore unfair.
In other words, you sometimes have to take what you get at the
cost of biasing your sample (self-selection bias). This bias has
been made explicit for experimental research in HCI, which
tends to be biased toward younger, more tech-savvy, and more
educated participants [43]. For design activities, it is not clear
what characterizes those that are more willing to join design
activities. In addition, it is also possible, especially among
professional participants, that one person participates on behalf
of a department or professional group. This person may or may
not be chosen by management and acts as a barrier toward
involving other people within that group (gatekeeper bias). One
could argue that these biases are not a large issue, as qualitative
research does not strive toward generalizability, but if we want
to include a diverse range of views and contexts, we should
strive toward some form of generalizability [44], and we must
therefore take these biases seriously. Finally, when biased
end-user input is the only source of inspiration for a new eHealth
intervention, the implication is that the biased design input is
translated into a biased technology. Many authors acknowledge
this bias in the Limitations sections of their articles but do not
discuss how this bias affected the design or in what way they
tried to negate this bias in the design or evaluation phase. Could
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it be that the design research community has just accepted this
bias and its consequences as facts of life?

We would advise design researchers to go further than just
naming sampling bias as a limitation in their publication and
being done with it. In addition, mapping exactly what the bias
looks like (ie, who the most important excluded groups are) and
stating how the neglected groups will be included in the design
process (eg, in an additional round of design activities using a
method that is especially suited for these groups) or in the
evaluation activities (eg, targeting the sample of a prototype
evaluation toward these groups) would be a great improvement.

Limitation 2: End-User Input Might Be Biased and
Limited
The premise of HCD is that listening to end users and
incorporating their needs and wishes into eHealth design will
ensure an innovation that end users will want and can use.
However, listening to end users (patients or care professionals)
has its limitations. First, a lot of the knowledge, opinions, or
attitudes that are crucial for eHealth service design are tacit.
Tacit knowledge is developed from direct experience and action
and is highly pragmatic, and subconsciously understood [45].
Tacit knowledge has been found to be of paramount importance
for care professionals for developing working routines [46,47].
Similarly, patient end users (in either preventive or curative
care) will have internalized routines and assumptions that they
rely on. The challenge with tacit knowledge is that it is difficult
to verbalize, and thus elicit, during HCD [48]. Most HCD studies
tend to overly rely on traditional interviews and focus groups.
These methods are well suited to pose direct questions but are
therefore limited in their capacity to elicit tacit knowledge
(unless combined with other methods, such as observations).
To solve this issue, more creative methods should be applied
that have the power to elicit tacit knowledge indirectly, or that
allow for the researcher to determine tacit knowledge or
procedures for themselves. Two such methods are narrative
inquiry [49] and the critical decision method [50]. Next, patients
and care professionals apply work-arounds to get things or to
get their work done [51,52]. Although this breaking out of
protocol might be considered undesirable, it might also be
necessary to achieve the best possible outcome for a patient.
For example, Yang et al [53] describe the case of a hospital
information system that recommends medication dosages, in
which physicians override the system as it does not properly
take into account pediatric dosages. Furthermore, Dannecker
et al [54] describe a myriad of work-arounds that patients with
osteoarthritis apply in order to construct pain intensity ratings.
On the one hand, work-arounds are a fantastic source of
inspiration for design. On the other hand, they can also be a
problem as patients or care professionals may not want to
disclose them because they are breaking the rules or protocols
while implementing them. Zheng et al [55] provide an overview
of these challenges and ways to overcome them.

Limitation 3: HCD Tends to Lead to Overreliance on
(Fresh) End-User Input

Overview
Consulting the end user early on and throughout the
development process of an eHealth service is an important
principle of HCD. However, end-user input (or stakeholder
input, for that matter; Limitation 4: End users Are Only a Subset
of the People Who Should Be Heard During eHealth Design
section) is not necessarily the only source of input for designers.
The actual design of a service is a creative process that can be
fueled by end-user input (which can be translated into
requirements), but it can also be served by the knowledge and
skills of a (multidisciplinary) design team and its creativity, or
a by technology push.

End-User Input
In many articles that describe the HCD process of an eHealth
service, end-user input seems to outweigh all the other elements
that should inform a thorough design process. We stated in the
Introduction section that HCD is part of many (if not most)
current eHealth innovation projects. This has created a body of
knowledge on user needs and requirements, but this body of
knowledge is rarely used to inform other projects. Instead, every
project runs its own interview, focus group, and design sessions
and the secondary use of end-user input is disregarded. There
are some recent exceptions in the field of designing for dementia
that resulted in design tools that can, for some part, take over
the contextual inquiry phase (such as the MinD toolkit [56]).
These largely evolved because of the difficulties of working
with this end-user group, but similar tools might be helpful for
other patient groups and could well reduce the burden on
patients. In addition to this, many designers of eHealth tools
are involved in a series of eHealth innovations, in many cases
making them experienced “understanders” of particular patient
groups. Creativity, so it is argued, is a valuable means of design
for solving ill-defined problems. It can drive both the
instrumental and hedonic aspects of an innovation in terms of
functionality, safety, usability, and affect [57]. A thorough
understanding of the implementation context and of end users’
needs and wishes is paramount for creative design [58], and
thus, HCD can play a very valuable role in preparing the stage
for creative thinking.

Technology push seems to have become a dirty word in the
eHealth community, and user input, translated into requirements,
has become the driving force in many eHealth development
processes. This preference for end-user input over propagating
technological innovations touches upon the classic debate of
the technology push versus the demand pull. Can end users
imagine what they actually want, or can they only repeat what
they have already seen? Even if people are encouraged to
imagine functions that they would like to see in a product or
service, this may then relate to imagined needs instead of actual
user needs. This imposes the risk that these functions are not
used in the future [41]. Furthermore, what is the most successful
innovation strategy, developing what the market wants, or
creating what is technologically possible? Although there are
different camps in the scientific community with regard to this
issue, it seems like technology push and demand pull are
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dependent on each other for developing a valuable and
successful innovation. Although a technology push is often
considered to be the core source of innovation, a demand pull
can also drive innovation by bringing forth new ideas and
concepts from the users and their context and is always
necessary for ensuring economic viability [59]. It seems that,
rather than figuring out which approach is best, we should
investigate how both approaches can be combined [60].

In line with current open science approaches, design (research)
teams should make more efforts to make end-user input reusable
and to reuse it where possible. Moreover, rather than thinking
that end-user input is the only source of inspiration that can lead
to value-adding eHealth innovations, they should aim to find
the sweet spot where end user consultation, technology push,
and the design team’s knowledge and creativity coincide or
come together right. Or, as Norman [31] put it, “Paradoxically,
the best way to satisfy users is sometimes to ignore them.”

Limitation 4: End Users Are Only a Subset of the
People Who Should Be Heard During eHealth Design
End users of eHealth solutions are most often patients, care
professionals, and citizens, and are crucial in terms of being
taken into account when designing a new eHealth service.
However, there are also other organizations and actors involved,
that is, all stakeholders. Stakeholders can be classified as being
either direct or indirect [61]. Direct stakeholders are individuals
or organizations who interact directly with the system, whereas
indirect stakeholders are affected by the use of the system.
Although indirect stakeholders do not interact with the
technology themselves, they can exert influence over an
innovation or experience consequences from its implementation
and use. For example, patients as indirect stakeholders are often
not considered when developing electronic medical records,
even though the records are about them [62]. Similarly, in the
case of developing an eHealth service that gives patients access
to their records in Sweden, the “medical profession was not
really perceived as a legitimate actor in the development
process” [63]. At the same time, the medical profession
(clinicians and nurses) in this particular case contested the very
idea of the project and was not interested in participating in the
design process [64], which created another challenge.

It is imperative to consult both end users and other stakeholders
in order to develop a service model and a business model. A
service model is an overview of how a technological service
interacts with end users and stakeholders, as well as with any
other services (on the web or offline). As such, it is a
combination of the patient journey and the care protocol (or
care path) envisioned for an eHealth service [64]. A business
model, on the other hand, is an overview of how the eHealth
service is being brought to the market and how it is envisioned
to sustain. Both the service and the business model are of
paramount importance for creating an eHealth service that is
durable and that will be accepted beyond its end users.

Holistic design, in which end users (primary and secondary),
lead users, and other parties that can exert influence over the
implementation and success of an eHealth service are involved,
and in which technology, a service model, and a business model
are developed simultaneously, is increasingly being used as a

successor to HCD. It is at the core of the CeHReS road map,
and in recent years, many developers and researchers have
reported their experiences with holistic design (and the CeHReS
road map) in case studies (eg, the study by van Velsen et al
[25]). Holistic design, in its turn, has disadvantages and
challenges that design teams will have to deal with (such as
ensuring the collaboration of health professionals [65] and
ensuring proper expectation management among all stakeholders
[66]). The involvement of different stakeholder groups can
provide challenges in terms of balancing their influence as well
as the potential assumptions that user groups have of each other
that might be based on stereotypes [41,67].

Limitation 5: Understanding the Added Value of HCD
Is Complicated
In general, HCD is considered to be a valuable approach that
results in better eHealth services, the point of reference here
being eHealth services that are developed without user
involvement in any form. This is supported by literature
claiming, for example, that user involvement was positive
overall and through intermediate factors such as better user
requirements [68] or by the revised version of a website based
on user input being preferred [7]. A systematic mapping study
showed that user participation and involvement can have a
positive effect on system success (eg, user satisfaction, ease of
use, and system use), but it has also been shown to have negative
correlations with system success in older studies [2]. It has been
acknowledged that measuring user participation is complex;
there is no common conceptual model to measure and validate
this effect [2] and we do not have a complete understanding of
how user involvement affects product development [68]. In
practice, the conclusion that HCD leads to better eHealth
services is made through a subjective reflection on the design
process by the authors of an article describing the design
process. Owing to the competitive nature of academia and the
need to publish (or perish), researchers are subject to a
(subliminal) bias and are prone to being overly positive about
their results [69]. This may mean that our general opinion about
HCD is based on a large body of subjective viewpoints.

So, how can we make an objective assessment of the value of
HCD for the design of eHealth innovations? If we would fall
back on the traditional means to assess the quality of an
intervention in health care, then the logical thing to do would
be to create a single design briefing, give it to one design team
that will apply HCD and another design team that will apply an
alternative design process that does not include end users
directly and evaluate the resulting eHealth services in terms of
usefulness, innovativeness, and usability. This way, we would
be able to compare whether one approach “performs” better
than the other. However, such studies are difficult to perform
(as one has to duplicate the design process) and comparing one
“condition” with the other is difficult, as there is also creativity
and skill involved in design. Controlling for creativity and skill
within the comparison among design approaches would be
challenging and maybe even impossible. Despite all the
challenges involved in setting up a fair comparison between
HCD and an alternative approach, Guo et al [70] conducted a
survey study among 389 Chinese digital start-ups and found
that applying either a customer orientation or a technology
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orientation could lead to successful business models. However,
combining the 2 approaches led to troublesome situations, as
resources were limited, and it was difficult to combine the
business logics involved.

The easiest solution toward “unbiasing” our understanding of
the value of HCD in the eHealth context would be to adopt a
critical view toward the value of the approach in different case
studies even if this comes at the cost of a critical peer review.
For example, Kip et al [71] critically reflected on their design
activities for developing a virtual reality application for
practicing coping skills for clients in forensic mental health care
and provided an overview of the suitability of different HCD
methods for the target population (including both successes and
failures). Only by publishing our failures and critical reflections
can we create a proper and more nuanced view on the value of
HCD (methods) and help eHealth innovation to mature as a
research field.

Limitation 6: HCD Risks of Supporting the Status Quo
When it comes to developing innovative and disruptive eHealth
services, questions posed to prospective end users are naturally
going to be hypothetical. So, responses are likely be limited to
end users’ ability to envision new concepts (More Than Needs
and Wishes section). Although it is the role of the designer to
develop new concepts, when we try to understand people’s
needs, this is more easily done in the current context and not in
the future context for which the design is to be developed. Take
the example of developing a technology for the prediction of
exacerbations based on real-world data and using these
predictions for shared decision-making between patients and
professionals. This future scenario is so far removed from the
current care setting that it is difficult for people to reflect and
articulate associated needs. Sometimes, the future scenario is
not very far in the future, but the imagined needs do not
necessarily reflect the actual needs when it comes to that specific
situation. This was illustrated in the study by Haslwanter et al
[41] in which there was a difference in what people wanted
while seeing the demonstration house and what people then
used when implemented in practice. The well-known
colloquialism, “what people say they do vs what they actually
do” comes to mind, which conveys what we argue to be an even
greater challenge when it comes to future scenarios.

Although this limitation might be overcome by not relying solely
on end-user input, there is also the risk that incorporating
end-user input might hamper innovation. Indeed, it might lead
to concluding that the status quo is the most desirable future.
For example, research related to patients reading their electronic
health records showed that health care professionals question
the abilities of patients to understand these records and voice
concerns which do not necessarily materialize [30,72]. Here,
the desired status quo was a cumbersome process with patients
asking for permission to access their paper-based records. It
might seem trivial that one stakeholder group is not able to
assess the needs of another group; however, health care
professionals as domain experts are often considered to be an
authority when designing eHealth systems [30]. Similarly,
ageism (whereby people hold prejudices about older adults) is
often used to think about older adults’ use and ability to use

new technology. How aging is framed (eg, as a “problem” to
be managed by technology [73]) can also represent common
stereotypes and limit design opportunities. As a result, design
teams are reluctant to introduce new (technological) concepts,
as the general opinion is that older adults do not want change
and are unable to deal with new innovations. However, when
Jung and Ludden [74,75] interviewed older adults with mobility
impairments and presented them with the prospect of using
exoskeleton technology, a technology that they were completely
unfamiliar with, they seemed rather open to this possible future.
But generally, it seems easier for people (patients or health care
professionals) to imagine barriers than to imagine opportunities
for developing a new type of care, working routine, or society.
Consequently, in HCD, we have the tendency to design
something new for the current world, rather than designing a
new world.

In order to move beyond our prejudices and current (working)
routines, there are several things we can do, but these require
us to change how we do HCD. In their discussion of designing
against the status quo, Khovanskaya et al [76] offered several
pieces of advice. Designers will need to study and understand
the history behind the current situation and the prejudices
therein. Then, in order to envision a new reality, designers might
need to resort to different sources of inspiration, besides
end-user input, such as feminist and queer theory, art, or the
maker culture. The trick for the design team will then be to
introduce these (disruptive) new ideas to potential end users
and stakeholders and to create a safe space in which these ideas
can be presented and discussed. Designing against the status
quo might mean designing for the long term. The health care
setting is conservative and reluctant to change. Therefore,
combining short-term ambitions and design ideas (closer to the
status quo) with long-term ambitions and design ideas (closer
to the disruptive vision) is an approach that is most likely to
succeed.

Limitation 7: Traditional HCD and Designing for
Behavior Change Are Not a Good Match
With the increasing importance of preventing chronic diseases
and improving lifestyle in general, many eHealth services aim
to change the behavior of end users. They must support people
to quit smoking, to sit less, or to eat healthier. This trend has
led to a research discipline called persuasive design or design
for behavior change. Persuasive design is concerned with
developing technology “to reinforce, change or shape attitudes
or behaviors, or both, without using coercion or deception” [77]
and has been found to increase compliance with eHealth services
[78]. In design for behavior change, a range of tools and methods
have been developed with specific attention to the eHealth
context [79]. Although from a normative standpoint, persuading
people to perform certain health-improving behaviors might be
desirable, it does infringe on the person’s autonomy. For
example, a study in the context of smoking cessation showed
that although a person might want to stop smoking, they still
might not want to make a commitment to behavior change [80].
In a discussion on the ethics of persuasive design; therefore,
Berdichevsky and Neuenschwander [81] posit one golden rule
for persuasive design, which is as follows: “The creators of a
persuasive technology should never seek to persuade a person
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or persons of something they themselves would not consent to
be persuaded to do.” However, the rise of monitoring and
coaching technology and the need to make the population adopt
a healthier lifestyle have created a situation in which many
technologies are being developed that aim to persuade people
to adopt a certain behavior eventually, while also applying an
HCD approach. In this case, however, it is impossible to
question potential end users (through interviews, focus groups,
and design sessions) about this future goal. Their initial
standpoint toward a change in behavior may be negative,
although at the same time they may have a positive attitude
toward caring about (and monitoring) their health. For example,
one can probe how one should persuade or support patients with
diabetes to be more physically active, but if the participant is
unmotivated to do so (eg, the participant is perfectly happy with
their current lifestyle), every question or probe is likely to result
in a negative reply, if not an aversion to the design session in
itself, or could lead to a socially accepted reply (not reflecting
the participant’s attitude) just to be over and done with the
session. The problem here is that the (technological) solution
direction of the design team conflicts with the person’s wishes,
desires, or values.

In short, persuasive design and HCD seem to form an unhappy
marriage. Therefore, if one were to design a technology that
aims to induce health behavior change, one might best trade 1
of the 2 in for something else. Instead of persuasive design, one
could resort to using tuning as a paradigm that focuses on
building internal self-knowledge and self-awareness by
supporting appropriate knowledge, skills, and practice [82].
Instead of a single-factor health guidance (eg, to walk 10,000
steps a day), this approach acknowledges the complexities of
health in terms of an individual’s context and other behaviors
and aims to “support a person gaining knowledge, skills, and
practice of how to tune their health across contexts” [82]. In
addition, taking into account the end user’s stage of chance
(following the transtheoretical model [83]) in eHealth design
and personalization will ensure that content, functionalities, and
design strategies [84] are geared toward the aspects of behavior
change to which the end user is most receptive. If one is quite
attached to persuasive design, one could trade HCD in for
value-sensitive design (VSD). Rather than focusing on what
persuasive technology should do and how (as one would do in
HCD), VSD aims to understand why a design might be harmful,
and it will reveal the value conflicts or tensions that must be
solved [85]. The latter approach will respect the participants
and their context and will not evoke negative emotions. Once
the value conflicts are fully mapped, it will be the design team’s
task to create a design that is capable of reaching the behavior
change goals while respecting the end users’ values. Or, one
could go even one step further and supply VSD with capability
sensitive design [86]. In such an approach, the design team has
to elicit not only what end users value but also whether these
outcomes ought to be valued.

Limitation 8: HCD Tends to Miss Out on Ethical,
Societal, and Political Aspects
HCD activities focus on individual users, their context, and their
needs and expectations in relation to specific tasks and goals.
Thus, HCD tends to prioritize the microlevel rather than the

mesolevel and macrolevel. However, organizational aspects on
the mesolevel are crucial when it comes to the implementation
of eHealth solutions in real life (End users Are Only a Subset
of the People Who Should Be Heard During eHealth Design
section). HCD supports the economic and social pillars of
sustainability [13]. However, ethical, societal, and political
issues on the macrolevel can be overlooked when focusing on
the individual user.

Technological advancements such as machine learning and
artificial intelligence (AI), have the potential to support people
in their everyday tasks (eg, decision support tools in health
care). However, they also have the potential to increase
inequality by amplifying biases and assumptions that are
invisible to users. This has been outlined in the book “Weapons
of Math Destruction,” where mathematical models and
algorithms are typed as opaque (lacking transparency or
completely invisible), damaging (harmful or unfair for certain
people and creating pernicious feedback loops), or that scale
(have the capacity to grow exponentially) [87]. Negative
examples include decision support for judges using recidivism
models or a university ranking model that creates an ecosystem
of education and industry of tutors that adapt to that scoring
system [87]. As more and more decisions are automated in the
future based on AI, algorithmic biases potentially lead to
discrimination based on certain characteristics such as income,
education, gender, or ethnicity [88]. Although these decisions
may work for many, people who fall outside what has been
incorporated in the design as the “norm” (eg, through specific
training data or through how the models are designed) have to
deal with the consequences without the opportunity to appeal
the decisions. Discrimination may stay hidden if we focus on
specific user groups and how technology can support their tasks
and goals (eg, supporting a judge in sentencing decisions).

These examples show that the human perspective is often not
considered or only very narrowly considered for a small user
group. The focus on the individual user within an HCD can be
complemented by approaches such as VSD, responsible research
and innovation [89], or human-centered explainable AI [90],
which aim to incorporate ethical and societal aspects into the
design process. Within HCD alone, this is difficult to address,
especially if the innovations are so complex that it is difficult
to communicate the risks or form a black box by definition.
Furthermore, as COVID-19 pandemic measures and tracking
apps showed, certain decisions include not only a technological,
scientific, and societal perspective but also a political one
[91,92]. Given the circumstances, political decisions might
prioritize certain values over others (eg, public security over
privacy in relation to track and trace), this issue is also relevant
for eHealth technologies (eg, apps used for contact tracing and
risk information [93]).

Limitation 9: HCD Thinks About the Beginning but
Not the End
Most eHealth services that are developed through an HCD
approach are accompanied by elaborate onboarding procedures
and implementation plans. The desire to reach and secure a high
number of end users makes sense, as one of the common key
performance indicators for these services is the number of end
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users served (for a longer period). Interestingly, this focus on
the first use of the service seems to come at a cost. It rarely
happens that a design process also devotes attention and time
to longer-term use or to ending the use of a service. Should an
app change at some point in the user’s journey? When has an
eHealth service fulfilled its purpose? How do we determine this
moment? Which actions are associated with ending the end-user
journey supported by the eHealth service? It rarely happens that
answers to these questions are sought and processed into service
design for the eHealth context.

A topic that is associated with ending the personal use of the
eHealth service is ending the eHealth service completely. It may
feel a bit contradictory to think about the terminating of a service
during the design stage, but for some services, this will be
crucial for acceptance and for preventing undesirable situations.
The COVID-19 pandemic has made the need for these
deimplementation plans very clear. Contact tracing apps were
built on top of the privacy-preserving exposure notification
frameworks developed by Google and Apple. Despite the fact
that these frameworks did not require tracking the geographical
location of end users, they were met with a lot of skepticism
and privacy concerns. Indeed, one cannot exclude the possibility
that tracking the geographical location by means of this
technology might be possible in the future. So although the use
of these technologies might be legitimate and useful for the
short term, they might be harmful in the long run. Therefore,
the introduction of eHealth services that come with large
implications, such as the COVID-19 contact tracing apps, should
be accompanied by a plan that specifies when we can stop using
them and how we can erase all the data that they collect during
their lifetime.

Discussion

Nine Limitations
In this paper, we have described 9 limitations that we currently
see with the application of HCD in eHealth. This set of
limitations came about by critically reflecting on our own
eHealth innovation projects and by reviewing the body of work
in this domain. Of course, not all limitations are restricted to
the eHealth context and many of them are applicable to the full
range of digital services one can develop. However, we felt that
it was important to provide a complete overview of the main
limitations that we have seen. Again, we would like to
emphasize that, even after composing this list of limitations,
we do feel that HCD processes have their place in the design
of eHealth innovations, especially in combination with other
sources of input, such as available knowledge and a technology
push. Our objective was to provide a wake-up call to researchers
and designers in the eHealth domain. Although some actively
seek and implement ways to improve the role of HCD in their
innovations, others continue to rely on standard (and suboptimal)
ways to involve end users. The most important point we want
to make is that critical reflection on applying HCD methods in
the design of eHealth services is lacking, and this is not helping
the field of eHealth innovation to mature. This list of limitations
is most probably not conclusive, and we hope that more critical
reflection by other researchers in the field will eventually lead

to a better understanding of (1) how and when HCD methods
can really contribute to the design process (and when they would
not do so); (2) how HCD methods can lead to more generalizable
knowledge that the field needs and could share; and (3) how
HCD methods can be integrated in the process of
multidisciplinary design teams that include relevant health,
technological, ethical, and other expertise.

In addition to the limitations, this paper also discusses several
current developments and opportunities to improve the use of
HCD in the design of eHealth innovations. This means that
there are already signs that the field of eHealth innovation is
changing and taking important next steps that change how we
see and deal with HCD in eHealth innovation. We briefly want
to reflect on and elaborate on 3 of these developments here as
we see them as very important for the future of eHealth
innovation.

More Than Needs and Wishes
In limitations 4, 7, and 8, we have mentioned how VSD or
value-based design and also capability sensitive design can
provide guidance in involving multiple stakeholders and
integrating ethical perspectives in the design process. VSD
defines human values as “what is important to people in their
lives, with a focus on ethics and morality” [94]. Although VSD
displays some similarities to HCD, it includes aspects that go
beyond it as well, such as the commitment to analyze both direct
and indirect stakeholders; to distinguish designer values,
stakeholder values, and values explicitly supported by the
project; to conduct an analysis on individual, group, and societal
levels; and the possibility for technology and social structures
to coevolve [94]. Hence, VSD may offer a solution to some of
the biased or limited views of traditional HCD approaches. For
instance, the commitment of a thorough analysis of direct and
indirect stakeholders might mitigate the risk of sampling bias
(limitation 1) and bias toward and overreliance on end-user
input (limitations 2 and 3), as it opens up the design space in
terms of who should get a seat at the table. The challenge in
applying VSD is that a focus on values can lead to a rather
abstract understanding of what end users and other stakeholders
consider important. This means that it leaves a serious task for
the design team to translate this understanding into a tangible
design, a task in which they may well want to involve end users
again. We need a good body of work describing and reflecting
on the processes used to do this (eg, the studies by Boerema et
al [95] and Smits et al [96]).

More Than Consulting End Users
In limitation 7, we discussed the problem that in some eHealth
development processes, the (technological) solution direction
of the design team conflicts with a person’s wishes, desires, or
values. Limitation 7 goes on to discuss ways to deal with this
situation, but it also triggers the question of whether the solution
direction that the design team was aiming for was the right one.
Were they trying to answer the wrong question all along? An
approach that tries to tackle this is citizen science, which seeks
to engage “citizens” (ie, everyone who at some point may deal
with the outcomes of science) in research in different ways.
Citizen science has been around for a while now, and its uptake
and importance in health and biomedical research are growing
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[97]. Citizen science overlaps with HCD in its methods and
aims and can range from contributory (eg, participation of the
public or patients through data collection and processing) to
collaborative (eg, public involvement in refining research
questions, analyzing data, or disseminating findings), cocreation
(eg, researchers and members of the public working together
across key research processes), and extreme citizen science (in
which researchers provide tools and methods to enable
communities to develop their own participatory research
projects) [38]. In the health and well-being domain, the people
dealing with the outcome of research are often also the subject
of the research (patients or experts by experience). A larger
adoption of citizen science could, on the one hand, help us in
making the transition from seeing patients as subjects whose
opinions we politely ask for, to coresearchers who are active in
not only providing data or answers to our questions but also in
asking the right questions and setting a research agenda for
(public) health. On the other hand, citizen science philosophy
somewhat conflicts with the issues and recommendations that
we mention in limitation 6 (HCD Risks to Support the Status
Quo). As we discuss in limitation 6, in order to envision a new
reality, designers or a design team should bring in inspiration,
come up with new ideas and imagine new futures, and find ways
to introduce and discuss these with the public or the community
they are working with. The 10 principles of citizen science, put
forward by the European Citizen Science Association in 2015
[98], provide an initial set of guidelines to take up citizen science
in eHealth innovation. It is up to the field of eHealth innovation
to further discuss and critically reflect on how and when to use
citizen science approaches in the eHealth context.

More Than Humans
In limitation 8, we discuss how HCD risks missing out on
ethical, societal, and political aspects. A prioritization of the
microlevel, the personal level, has consequences, especially
when this is the preferred and largely dominant approach in a
particular field. One such consequence could be that we
disregard the impact that our innovations have on the
environment. A recent appeal in The Lancet Digital Health
stressed this very point [99]. In addition, several researchers
have called for moving beyond the dominant anthropocentric
perspective to include nonhuman perspectives [100,101]. As
Giaccardi and Redström [101] describe, we may at some point
reach the boundaries of what can be conceived through UCD
and HCD processes. The increasing complexity of what we can
design and the increasing consequences that our designs can
have call for new methods and for reconsideration of the role
of HCD methods and the weight given to them.

Conclusions
In this paper, we have presented 9 limitations of using HCD in
eHealth and 3 directions of inspiration to improve design
practices. We feel that these directions provide good starting
points to do better and to try and develop more inclusive, fair,
and valuable eHealth innovations that will have an impact on
health and care. We trust and hope that this discussion of
limitations as well as this short outlook to the future of eHealth
innovation will stir up a bit of dust and would be very happy to
see others add to it so that with more careful, considered, and
critical use of HCD we can improve our eHealth research and
innovation methods together.
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Abstract

In this viewpoint, we argue for the importance of creating data spaces for genomic research that are detached from contexts in
which fundamental rights concerns related to surveillance measures override a purpose-specific balancing of fundamental rights.
Genomic research relies on molecular and phenotypic data, on comparing findings within large data sets, on searchable metadata,
and on translating research results into a clinical setting. These methods require sensitive genetic and health data to be shared
across borders. International data sharing between the European Union (EU) or the European Economic Area and third countries
has accordingly become a cornerstone of genomics. The EU General Data Protection Regulation contains rules that accord
privileged status to data processing for research purposes to ensure that strict data protection requirements do not impede biomedical
research. However, the General Data Protection Regulation rules applicable to international transfers of data accord no such
preferential treatment to international data transfers made in the research context. The rules that govern the international transfer
of data create considerable barriers to international data sharing because of the cost-intensive procedural and substantive compliance
burdens that they impose. For certain jurisdictions and select use cases, there exist practically no lawful mechanisms to enable
the international transfer of data because of concerns about the protection of fundamental rights. The proposed solutions further
fail to address the need to share large data sets of local and regional cohorts across national borders to enable joint analyses. The
European Health Data Space is an emerging federated, EU-wide data infrastructure that is intended to function as an infrastructure
bringing together EU health data to improve patient care and enable the secondary use of health-related data for research purposes.
Such infrastructure is implementing new institutions to support its functioning and is being implemented in reliance on a new
enabling law, the regulation on the European Health Data Space. This innovation provides the opportunity to facilitate EU
contribution to international genomic research efforts. The draft regulation for this data space provides for a concept of data
infrastructure intended to enable cross-border data exchange and access, including access to genetic and health data for scientific
analysis purposes. The draft regulation also provides for obligations of national actors aimed at making data widely available.
This effort is laudable. However, in the absence of further, more fundamental changes to the manner in which the EU regulates
the secondary use of health data, it is reasonable to believe that EU participation in international genomic research efforts will
remain impeded.

(J Med Internet Res 2022;24(10):e37236)   doi:10.2196/37236
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The General Data Protection Regulation
Hurdle for International Genomic
Research

The launch of many large-scale multinational research projects
over the past 2 decades exemplifies the importance of
international data sharing in genomics and omics research [1,2].
Cross-matching data between centers, establishing large
community reference data collections, and accessing external
reference data sets enhances the understanding of human biology
and disease and benefits translational stratified medicine.

Thus, data protection issues related to international data sharing
are inextricably linked to genomic research. Furthermore, where
data protection issues are considered in an international context
but with European Union (EU) involvement, reference to the
EU General Data Protection Regulation (GDPR) [3] becomes
unavoidable.

This regulation is perceived to hinder rather than promote
cross-border data sharing at the international level [4]. The main
objective of the GDPR is to create nuanced rules that balance
the benefits and risks of processing personal data and protecting
individual interests. The international data transfer mechanisms
of the GDPR act to ensure that the obligations applicable
according to EU data protection law continue to be applied after
the data are transferred outside the EU and the European
Economic Area, including the proportionate balancing of
benefits and harms.

Regulators and courts often deem unlawful outbound transfers
of data from the EU and European Economic Area to third
countries that implement considerable State surveillance
measures. Such legal determinations act as a functional bar to
the outbound transfer of genomic data of EU and European
Economic Area provenance to such third countries. Furthermore,
such a legal determination places on prospective data transferors
the considerable burden of assessing the State surveillance
practices of third countries before performing international data
transfers in favor thereof. This heightens the complexities and
compliance costs inherent in performing outbound data transfers
from the EU and the European Economic Area to third
jurisdictions.

Thus, any concerns about fundamental rights arising in a third
country in relation to surveillance activities carried out by public
authorities influence the assessment of the level of protection
in that country and lead to its rules being found disproportionate
or even disregarding the core of the fundamental rights
concerned. This practice precludes outbound transfers of
genomic data from being performed unless significant political
changes are made to the policing and surveillance practices of
those third countries [5]. Although it is crucial to raise the level
of data protection in relation to the surveillance activities of
State actors from a fundamental rights perspective, this is a
long-term endeavor. Until this is achieved, data sharing for
socially significant purposes such as scientific research will
decline. Removal of these considerable barriers to data sharing
in genomic research is contingent on political determinations

that are outside the scope of activities of scientific research
communities.

In this paper, we argue for the importance of creating data spaces
to enable international collaboration in the use of genomic data.
These data spaces should be detached from contexts in which
fundamental rights concerns related to surveillance measures
override a purpose-specific balancing of fundamental rights and
of the benefits and risks of processing personal data and
protecting individual interests. First, we assess the relevant
provisions of the GDPR and detail their implications for data
exporters and importers. Second, we outline how State
surveillance practices can affect the potential for researchers to
share genomic data. Third, we address the fundamental rights
context of scientific research. Fourth, we analyze possible
solutions that would enable genomic data to be transferred to
researchers in countries outside the EU and the European
Economic Area without international consensus being achieved
on issues of State surveillance. Contractual issues are first
discussed, followed by secure data spaces. This structure allows
us to address the challenges of international data transfers in
the current legal situation in detail, identify the main problems,
and, on this basis, consider which solutions could provide a
remedy, also in the context of further clarification of the
cornerstones of the European Health Data Space (EHDS).

Background: GDPR Transfer Rules

In this section, we describe in considerable detail the
international data transfer rules of the GDPR. This discussion
provides the necessary context in framing the challenges that
the international data transfer rules create for genomic
researchers. This description is necessary to demonstrate how
our proposed solution responds to the needs of scientific
researchers and would also meet the demands of EU and
European Economic Area data protection regulators.

The main legal mechanism by which personal data may be
transferred from the EU and the European Economic Area to a
third country for scientific research purposes is a decision of
the European Commission confirming the adequacy of the level
of data protection in the recipient country.

The European Commission is responsible for determining
whether a third jurisdiction is adequate. Once a jurisdiction has
been deemed adequate, outbound transfers of data to that third
jurisdiction can be made without additional legal compliance
efforts being required. If the destination of an international data
transfer is not subject to an adequacy decision, additional
measures enabling legal compliance must be implemented before
the outbound transfer is performed.

The following criterion is used to determine whether a third
jurisdiction can be deemed adequate. An adequate level of data
protection requires that the third country ensure, by virtue of
its domestic legislation and international commitments, a level
of data protection “essentially equivalent” to that guaranteed in
the EU [6].

This does not mean that an identical level of protection is
required. The methods used to protect data by the third country
may differ from those used in the EU, but such methods must
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nevertheless prove effective in practice [7]. The GDPR also
defines rules guiding the assessment of adequacy as to whether
the essence of the fundamental right to data protection is
respected and whether its limitation is subject to the principles
of necessity and proportionality.

The text of the applicable laws in the concerned jurisdiction is
not the sole criterion assessed in performing this evaluation.
Indeed, the practices of authorities, administrative bodies, and
courts in the country of destination are of equal relevance in
assessing whether adequacy status can be lawfully conferred.
Decisions of the European Commission establishing private
sector areas in the United States as adequate for the purpose of
receiving data transfers from the EU have been annulled twice
by the Court of Justice of the EU (CJEU). This court is the
principal court that is responsible for interpreting the
fundamental right to data protection in the EU [5,6]. The
annulment of these decisions was rooted in concerns about the
fundamental rights to data protection, respect for private life,
and effective remedies (ie, the availability of redress
mechanisms for affected parties) as defined by the EU Charter
of Fundamental Rights, a legally binding catalog of human
rights applicable in the EU (cf Article 7: Respect for private
and family life, Article 8: Protection of personal data, and
Article 47: Right to an effective remedy and to a fair trial). In
this decision, the CJEU concluded that the surveillance practices
of US authorities and the lack of redress available to EU citizens
relative thereto violated the aforementioned human rights
guarantees [8].

Therefore, in summary, the European Commission is responsible
for ascribing adequacy status to countries outside the EU and
the European Economic Area. This requires the European
Commission to determine that the concerned jurisdiction
provides data protection guarantees essentially equivalent to
those available in the EU.

Recent adequacy decisions portend a change from a relatively
lenient adequacy analysis to a more stringent evaluation that
requires the legislation and administrative practices in the
concerned jurisdiction to mirror those in the EU. This is seen
very clearly in the case of Japan [9]. In Japan, the adequacy
decision of the European Commission related only to the private
sector, considering that oversight mechanisms in data protection
law differ in their design in the private and public sectors. Such
restrictions on the scope of adequacy can be understood as a
strong indicator that sector-specific evaluations of foreign data
protection legislation will, in the future, be used to confer
adequacy status on a sector-specific or statute-specific basis
rather than on a national basis. Given the rigor and granularity
of recent European Commission adequacy analyses, it is not
surprising that the level of data protection is currently confirmed
by an adequacy decision of the European Commission in only
13 countries and territories around the world [10].

Implications of the GDPR Transfer
Mechanisms for Data Importers and
Exporters

If data are transferred from the EU or the European Economic
Area to a jurisdiction that is not subject to an adequacy decision,
a distinct legal mechanism must be implemented to ensure the
lawfulness of the data transfer. The level of data protection in
the third country must be examined not only in the case of an
adequacy decision but also when the international data transfer
is based on another transfer mechanism established in the GDPR
[5]. The categories of available transfer mechanisms include
the imposition of additional safeguards that maintain the
standard of data protection in the EU and the European
Economic Area, which are exhaustively enumerated in the text
of the GDPR. At the time of writing, the only transfer safeguard
that has been developed in a standardized manner are the
Standard Contractual Clauses. These Standard Contractual
Clauses require transferors to integrate standard-form contractual
language into their data transfer agreements, which imposes
numerous GDPR-derived compliance-related obligations on
the recipients of the data transfer, effectively approximating the
extraterritorial application of the GDPR. The other transfer
mechanism is a context-specific derogation from the application
of the GDPR to enable a specific transfer that could not
otherwise be performed in compliance with the requirements
of the GDPR. There is a considerable range of derogations that
are potentially relevant to international transfers of genomic
data. However, these derogations are intended to enable personal
data to be transferred out of the EU or the European Economic
Area on an ad hoc, exceptional basis. Therefore, Standard
Contractual Clauses are the only real mechanism that could at
present enable continuous, ongoing international transfers of
personal data to jurisdictions that do not benefit from an
adequacy decision.

Senders and recipients of personal data who base their data
exchange on contractual clauses such as the Standard
Contractual Clauses of the European Commission are also
obliged to verify before each transfer whether the level of data
protection secured under EU law is met in the recipient country.
Accordingly, the Standard Contractual Clauses can only be
drawn on to secure international data transfers if the national
legislation in the country of data import allows the data recipient
researcher to comply with the contractual provisions [11].

However, it is unclear whether this can realistically succeed.
Researchers cannot bind themselves to rules contradicting their
obligations under domestic law, such as requirements to disclose
data to local authorities. Furthermore, in some countries—such
as the United States—researchers are often subject to legislation
that prevents them from signing the Standard Contractual
Clauses. In addition, their potential to enhance data subjects’
protection by, for instance, establishing institutional complaint
mechanisms has only a limited effect on the actual improvement
of the fundamental rights protection of those affected if
administrative and judicial remedies in the concerned
jurisdiction cannot safeguard the fundamental rights of EU
citizens. Hence, even the recent call for special contractual
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clauses for the scientific research processing sector [12] falls
flat if the regulatory environment does not secure a comparable
level of fundamental rights protection for the data subject
equivalent to that of the GDPR. In this case, the concerned
sector cannot be deemed adequate as other applicable rules
(related to compliance with national surveillance mechanisms)
preclude researchers from contractually binding themselves to
terms that approximate those of the GDPR. As a consequence,
research endeavors involving a transfer of personal data from
the EU or the European Economic Area to the United States
often cannot be implemented in many cases, such as sending
deidentified human genetic data to the Imputation Server hosted
by the University of Michigan or pooling personal data on a
single server as envisaged by the International Alzheimer’s
Consortium and the US-based Alzheimer’s Disease Sequencing
Project [13].

Performing an assessment of the law and practice of the
jurisdiction of a destination is referred to in the literature as a
“mini-adequacy decision” [14]. With each transfer, data
exporters are required to consider the ease of access to data by
government actors, the possibility for the simplified exercise
of rights and effective remedies for breach thereof, and whether
the destination of the transfer is governed by the “rule of law.”
Performing such an analysis in individual cases and monitoring
changes in local law and government practices is likely to
exceed the capabilities of researchers exporting data, who are
obligated to perform the test in the first place. There is still no
helpful guidance on how data controllers responsible for
defining the purposes and essential means of data processing
are supposed to perform a task that the European Commission
has failed to tackle on more than one occasion, as evidenced by
the annulment of its adequacy decisions by the CJEU. Shifting
the burden of an all-encompassing assessment of a third
country’s legal system to exporters of data might lead to
quasi-arbitrary evaluations as well as to divergences in the
application of the adequacy criteria from one another [15]. If
these evaluative exercises are carried out poorly, it could lead
to the erosion of the fundamental rights of the affected EU
citizens. This could take a long time to remedy as the CJEU is
the only body competent to do so, and it requires more than a
year to decide cases [16].

Do Anonymization or Security Measures
Offer a Solution?

According to the European Data Protection Board, the group
of national supervisory authorities interpreting the GDPR, any
anonymization must be completely irreversible. Some further
consider that anonymization must be future-proof such that
anonymization is impervious to new technologies not yet
invented. Indeed, the European Data Protection Board presents
the deletion of original data and the removal of characteristics
as ideal technical measures of anonymization [17,18].

An exigent threshold for what constitutes anonymized data is
a barrier to international genomic research. In health-related
genomic data processing, this approach poses acute difficulties
as the interrogation of disease etiology and other determinants
of health requires personal data. Deleting or stripping data sets

of certain variables in the name of anonymization is then directly
opposed to the very reason for which processing is undertaken.
Examples include cancer imaging data—the anonymization of
head and neck images constitutes a serious challenge to the
preservation of essential scientific data; as such, modification
of the data can diminish their scientific quality and utility [19].
In addition, removing metadata of a specific format (eg, Digital
Imaging and Communications in Medicine) [20] from cancer
imaging data sets that may constitute indirect identifiers (eg,
the manufacturer’s serial number) would imply the loss of
traceability of the patient. A loss of traceability can have
particularly severe consequences in international clinical trials
where the ability to follow patients is essential and the
identifiable verification of the study results constitutes a legal
duty in many countries; their return to the patients must
represent an inherent part of the study concept [21].
Furthermore, data anonymization methodologies can
systematically deprive the members of small population groups,
including traditionally marginalized groups, from inclusion in
scientific data sets. This is the case as the indirect identifiers of
small population groups are less common than those of majority
groups and, therefore, deidentification methods tend to remove
them from data sets more often [22].

As a result, the advantages of anonymization cannot be realized
in a research context without drastically reducing the potential
of the research. Decreasing the richness of data diminishes their
scientific value, further limiting the research questions that the
data can address, the applicable research methods, and the
relevance of the research findings. In addition, divergent data
quality will ultimately reduce interoperability between data sets
and may even affect the reproducibility and comparability of
research results, destroying their statistical validity [23].

Methods other than data anonymization, such as coding and
encryption, cannot necessarily facilitate the international transfer
of personal data. These methods do not preclude the application
of the GDPR to the data. The European Data Protection Board
considers coding and encryption methods to be supplementary
measures enhancing data protection compliance efforts rather
than anonymization techniques that render data nonpersonal.

It seems that security measures widely used in genomic research,
such as pseudonymization, cannot remedy this issue, either.
The European Data Protection Board considers encryption
methods and coding, such as pseudonymization, to be
supplementary measures enhancing data protection rather than
measures that render data nonpersonal and, thus, outside of the
material scope of the GDPR [24]. Accordingly, GDPR
requirements for transfer cannot be fulfilled in most cases if it
is not possible to protect encrypted and coded data against
large-scale access and monitoring by the third countries’ law
enforcement agencies without corresponding administrative
and judicial remedies.

Consequences of the Current Rules

In summary, it can be stated that all mechanisms offered by the
GDPR to secure admissibility of international data transfers can
only be applied if the recipient outside the EU or the European
Economic Area provides an essentially equivalent level of data
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protection. The fundamental rights context surrounding data
processing in the recipient country will influence the assessment
of whether rules defining data processing in a certain sector are
essentially equivalent to the GDPR standard. This means that
the burden of investigating adequacy in recipient countries
without an adequacy decision by the European Commission
will ultimately lie with the data exporter. At the same time, data
recipient researchers will need to determine whether they can
sign the offered GDPR Standard Contractual Clauses and adhere
to them or whether there exist contradicting obligations for them
based on national laws. These rules place a burden on
researchers in an era where compiling large data sets across
cohorts and countries is crucial for achievements in genomic
science.

What happens currently to a data transfer to a third country
without an adequate level of data protection? In the absence of
an adequacy decision and in the event that Standard Contractual
Clauses or other transfer mechanisms cannot ensure an
essentially equivalent level of data protection in the country of
the data recipient, the controller must provide additional security
measures that effectively prevent external access to the data
and, thus, protect the rights of data subjects. The function of
additional measures is similar to that of any transfer mechanism:
they should compensate for the lack of high-level data protection
that is essentially equivalent to that in the EU and the European
Economic Area. These additional measures include the
anonymization of all personal data or privacy-preserving
techniques such as encryption and coding, where only the data
exporter has the key and which cannot be circumvented by
others [24].

Anonymization is not a viable solution to circumvent the
application of data protection rules. On the one hand, genomic
data are highly identifiable because of further data linkages. In
contrast, the benefits of genomic research in a health context
can only be achieved regularly if there is at least a stratified
possibility of tracing the data back to the affected patients and
probands.

Concerning privacy-preserving techniques, a discrepancy
between technical measures and the standard of “essential
equivalence” emerges. Adequacy is fundamentally a legal
standard that includes considerations of data access by
authorities and the legal obligation of data importers to comply
with access orders. Depending on the legal safeguards and
available redress mechanisms, the order and corresponding
obligation to comply with it may in themselves create a
processing context for data importation that is below the
standard of the EU. Furthermore, issues such as encryption and
the availability of other data to bypass the contextual anonymity
offered by pseudonymization (coding) are technical. Overturning
technical data security will allow for the application of a
processing context that would render protection inadequate.
Although researchers will only be able to influence technical
measures applied to their data processing, the lawful access by
the recipient countries’ authorities and its interrelatedness with
the technical factor needs to be dealt with.

Emerging Solutions to Lawful Data
Access by Third-Country Authorities

Generally, the task of assessing whether the level of data
protection in a third country is equivalent in substance to the
level under EU law is not a mechanical exercise but must
involve sophisticated analysis of the legal order of the third
country. The analysis must not only cover all areas of law in
terms of legislation and case law but also further extend to
administrative practices. That is, a study of the literal text of
the law is insufficient. Facts on the ground, such as actions taken
by administrative bodies, also matter. Evaluating the
conservatory measures that the recipients of international data
transfers take against orders or requests for information from
law enforcement agencies and surveillance bodies could inform
the assessment of the “essential equivalence” of a recipient
jurisdiction’s legal system and afferent practices.

In Canada, for example, some entities make it clear that they
will only comply with a valid court order from law enforcement
agencies. When reading the transparency reports of these
organizations, it becomes clear that most requests are not legally
authorized as law enforcement agencies are essentially “asking”
for access but cannot compel it [25]. Even if there is a court
order, it might only cover limited data sets independent of the
collective access for which a law enforcement agency has asked.
Canadian human-participant research norms, which are binding
on federally funded research, underscore the obligation of both
researchers and their institutions to uphold promises of
participant confidentiality, which can require researchers and
research institutions to contest court orders for data [26].

Although there is little that can be done about surreptitious
surveillance, procedures requiring data recipients to contest
authorities’ requests and orders for access to personal data
should be considered when determining whether an international
transfer respects the fundamental rights of data subjects. We
believe that the analysis of administrative practices that protect
fundamental rights will reveal considerable similarities between
EU and non-EU legal systems, which are more telling than the
superficial differences arising from the formal comparison of
the texts of EU and non-EU data protection legislation.

Countries to which the European Commission has denied GDPR
adequacy status or that have had their adequacy status
overturned by decisions of the CJEU have taken action to
heighten the protection of fundamental rights that is accorded
to their citizens. In the United States, data protection rights such
as the “right to deletion” are now acknowledged in case law
[27]. In addition, some countries that did not offer administrative
and judicial data protection remedies to foreign citizens are
starting to do so [28]. In Japan, independent administrative
oversight has hitherto only been acknowledged in the context
of private sector use [29]. Soon, a novel adequacy decision
applicable to personal data processing by public sector
researchers might be implemented in Japan, extending protection
with regard to the public sector use of data. Altogether,
significant progress will still be required to raise fundamental
rights protection in relation to public authority surveillance to
a globally standardized level. Data sharing for scientific research
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and health care purposes is a pressing global health concern and
a predicate for achieving health equity. The pursuit thereof
cannot be made contingent on global consensus on issues of
State surveillance. Precluding the international exchange of
genomic and health data for political reasons condemns at-risk
populations to bear poor health outcomes to place pressure on
governments to align on surveillance policy.

Scientific Research: Its Technique and
Legal Status

Once within the scope of the application of sector-specific data
protection law, it is primarily the context of genomic research
that will guide the—often complicated—weighing exercise of
competing rights and interests, such as between research
freedom and data protection, both of which are fundamental
rights capable of being limited. In addition, other legally relevant
positions on the side of the data subject, such as their right to
health and their right to decide what to do with their data (right
to private and family life), may move the metaphorical scale in
favor of genomic science in certain contexts. In genomics,
affected patients may have significant, real opportunities to
benefit from research findings, for instance, the clinical validity
of a genetic mutation or when a variant is confirmed through
translational scientific research.

It is an outstanding achievement as to how far this weighing
has been enhanced on the legislative level in the GDPR, where
the emphasis on research freedom is strongly guided by the
relevance of scientific endeavors in the public interest and
permits the data subjects’ data protection interests to be limited
while at the same time striving to minimize risks for their
privacy [30]. Under the GDPR specific regime for scientific
research, the primary role of data security is to mirror the
outcome of the trade-off between the main interests of
processing intrinsic to scientific freedom and those of privacy
in the context of research, with other important interests such
as those of the public guiding the trade-off. Obligations for data
controllers and processors to implement technical data security
measures as defined by the GDPR generally and for scientific
data processing specifically (eg, Article 89 safeguards that
mandate data minimization and pseudonymization) address the
trade-off result between these very interests and rights at the
legislative level. Altogether, supplementary measures
completing data protection in the genomic data governance
context, particularly technical security and administrative
protections against enforced data release, and the oversight of
future use introduce a cumulative practice of good governance
rather than a “silver bullet” consisting of a singular method that
alone guarantees data protection, as is implicit in the discussion
of secure multiparty computation and other technological
measures in recent European guidance [24].

Scientific Research as an Element of
Legal Weighing Exercises

Weighing competing rights and interests and translating the
result of this balancing exercise into practices, policies, and
technical measures enabling secure genomic data exchange will

become more complex in the future. Historically, the analysis
has required the bilateral consideration of the individual interest
in the protection of patients and research participants relative
to the research freedom of scientists and the broad societal
interest in advancing research and delivering a high standard
of health care. However, the relevant interests are now becoming
multipolar. Namely, the balancing of interests to be performed
becomes multipolar. It becomes necessary to consider not only
the privacy interests of individuals relative to scientific freedom
and the public interest in scientific progress but also the
additional complexities of State surveillance directed at
individuals and the public.

When the adequacy of a third country’s data protection is
contested on the basis of law enforcement’s potential access to
data and the removal of data anonymity, the initial weighing
context related to scientific research and the GDPR’s privileging
of data processing for scientific research purposes shifts
considerably.

The essentially bilateral relationship between privacy and
scientific freedom until then determined the appropriate security
measures to be implemented. However, where there is a prospect
of surreptitious State surveillance or of law enforcement access
to data, the security measures and other safeguards to be
implemented differ. The choice of appropriate security measures
and other safeguards must account for the potential for State
surveillance or law enforcement access to data, which is a
different analysis altogether. In these circumstances, the
assumption of contextual anonymity that undergirds the
governance of data for scientific purposes might be more easily
dissolved than assumed, especially in relation to the
identifiability of genomic data and with the technological tools
available to law enforcement [31].

Furthermore, it seems misleading to frame data protection
obligations within the binary distinction between anonymized
data and personal (including pseudonymized) data. As already
described, the anonymized-personal binary is not a pertinent
distinction in the context of the decision as to whether
processing data for scientific research purposes and transferring
them to third countries can occur in a manner compliant with
the GDPR. It is personal data to which the rules of the GDPR
apply, including rules on transfer. The risk of identifiability is
thus implied in the data security and transfer mechanisms of
the data protection law and the rules of the GDPR.

The issue here is that the main technical measures that would
still enable meaningful and beneficial genomic science are
contradicted by considerations surrounding the legal and de
facto possibility of law enforcement circumventing contextual
anonymity. We believe that there needs to be a distinct legal
framework enabling scientific research as the currently proposed
solutions pose challenges to researchers that they cannot solve
on their own (Table 1). This framework should protect, where
necessary, scientific research from other interests. The creation
of such a framework should be based on a normative decision
instead of its facilitation being only dependent on the technical
agility of data exporters and importers. The main concept of
the proposed legal framework is elaborated on in the following
sections. Significant elements of the concept are the further
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development of contractual obligations for data importers,
creating safe data spaces, and working toward linking these

with data infrastructures worldwide.

Table 1. Identified challenges related to international data transfers, solutions currently explored, remaining challenges, and proposed solutions to these
challenges.

Suggested solutionsRemaining challengesExplored solutionsChallenges

Adopt specific health research sector
adequacy assessments to take into ac-
count specific trade-offs among rights,
appropriate technical measures, and
long-standing compliance efforts within
the sector, including administrative
measures

Blanket adequacy decisions easily
disregard sectoral differences in ap-
plicable data protection rules

Creation of clear rules for the ade-
quacy assessment procedure

Lack of adequacy decision by the
European Commission

Emphasize the contextual anonymity
of data, for example, when the context
is not changed during data processing
(eg, by allowing data to be visited)

Loss of information content of data
for scientific research, anonymity
of data is context dependent, and
substitute measures for protection
can be circumvented

Nonapplication of data protection
rules and instead use substitute
measures to meet the adequacy
standard

Data anonymization and privacy-
preserving data security measures
are promoted as the only solutions
to data protection concerns

Link the development of codes of con-
duct with the sectoral adequacy assess-
ment and the development of certifica-
tion mechanisms with supplementary
technical measures for international
data transfers

Current solutions that are not rele-
vant to the context of genomic re-
search or are not relevant for inter-
national data transfers [32]; funda-
mental rights issues raised

Bottom-up sector-specific con-
cretization of data protection rules
and appropriate supplementary se-
curity measures

Missing codes of conduct and cer-
tification mechanisms

The Way Forward I: Adapting Contractual
Settings

To perform a data transfer from the EU or the European
Economic Area to a third jurisdiction that does not meet the
“European essential guarantees,” it is necessary to apply
effective supplementary measures that raise the standard of data
protection to that enshrined in the GDPR. These measures can
include a combination of technical measures, private law
arrangements, and organizational practices.

In the absence of effective supplementary measures, supervisory
authorities will bear the obligation of determining whether
contractual and organizational best efforts to mitigate the
potential for surveillance bodies and law enforcement agencies
to make surreptitious use of data should be considered sufficient
to enable the international transfer of data [31]. Potentially
relevant measures include the integration of contractual language
mandating mutual transparency to agreements between data
importers and exporters. This might include the obligation to
regularly provide specific information about requests received
from authorities regarding personal data processed under the
relevant contract. If disclosing specific details about such
requests is otherwise prohibited, general information could still
be provided (eg, warrant canaries) [33].

Moreover, the inclusion of obligations specific to the data
importer merits consideration. These could include an obligation
to take legal action to challenge an order to disclose personal
data until all pathways to do so have been extinguished.
Precedents for such measures exist in Canadian research ethics
guidance [26]. These recommendations are often paired with
suggestions for creating joint liability between the data exporter
and the recipient as well as with rules for compensation, such
as the inclusion of an obligation for the data importer to
indemnify the data subject, regardless of fault, against all

damage caused by access to the data subject’s data by entities
of their State. Issues related to the effective enforcement of such
additional clauses remain open. Data exporters can demonstrate
and document their intention to act in a legally compliant
manner by observing the requirement of the supervisory
authorities and contacting the particular data importer to arrange
for these changes to be made to the provisions of the contractual
clauses. The stepwise escalation of discretionary measures by
supervisory authorities may eventually reduce the exposure of
data exporters acting in good faith to high penalties. However,
it does not per se lead to an improvement in the position of data
subjects as the demonstration and documentation of the will to
comply with the law by the contractual parties does not
necessarily guarantee enforceable rights for data subjects.

Furthermore, the proportionality of such extensions to
contractual agreements will often depend on whether the data
importer is replaceable in the short and medium term by an
importer who may more easily guarantee an adequate level of
data protection. However, this assessment standard is a
double-edged sword. Although the irreplaceability of a data
importer might be a good yardstick for further enabling
standards in the economic sector, the irreplaceability of a
scientific cooperation partner must always be judged against
the backdrop of the high standards to which the exercise of the
fundamental right to scientific freedom is linked. The risk
remains that the replaceability of different partners in genomic
science might quickly be based on a superficial comparison of
available technical equipment or external indicators of success.
Although these metrics can influence the exercise of scientific
freedom, they must not influence the protective value assigned
to scientific freedom as a right of freedom.
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The Way Forward II: Safe Data Spaces
for Scientific Research

With the European Data Strategy, the EU aims to create a single
space for data that will allow them to flow freely within the EU
and across sectors for the benefit of businesses, researchers, and
public administrations. One of the core pillars of this strategy
is precisely the promotion of “Common European data spaces
in strategic sectors and domains of public interest,” including
the European Health and European Research Data Spaces [23].
The EHDS aims to enable an efficient exchange of and direct
access to different health-related data across the EU in
compliance with data protection regulations, in particular the
GDPR [34]. As for the regulatory subject matter, the design of
the rules for data exchange as well as connecting the EHDS
with the emerging genomic research infrastructure is of
particular relevance. The “1+ Million Genomes” is an initiative
of individual EU member states that aims to enable the sharing
of at least one million genomes by 2022 [35]. This initiative is
particularly important as the EHDS expressly includes genomic
data in its scope and should be connected to the “1+ Million
Genomes” initiative in this regard.

A series of measures are proposed to foster these spaces,
including the deployment of data infrastructures, tools, and
computing capacity by way of scaling and interoperating
repositories and databases in a federated manner [36].

Concentrating secure data processing in a cloistered data space
might alleviate the imperfect regulatory environment applicable
to research data processing. However, the long arm of the law
enforcement regulations of third countries creates difficulties
in securing the fundamental right to data protection throughout
the entire life cycle of research data processing. Therefore,
additional settings may be needed to help maintain data
processing within a safe environment, such as preventing the
download of data as a technical safeguard accompanied by the
legal safeguard of contractually prohibiting it. A further step
toward upholding a safe environment for research data
processing is to offer a searchable metadata basis without
moving data, deploying data analysis services that allow for the
submission of research questions, and completely foregoing
access to the research data themselves. Federated data sharing
models that could ground such development are being
successfully implemented by international research data archives
such as the European Genome-Phenome Archive [37] and by
consortia such as the European-Canadian Cancer Network [38].

In addition to processing data for primary health care purposes,
the establishment of the EHDS for secondary data processing
is linked to making electronic health data, health-related data
already stored by various data holders, and data whose influence
on health is known, such as genomic data, widely available for
the purposes of health research to various data users [39]. Such
data holders include public and private research institutions
[40]. The draft EHDS regulation obliges data holders to make
the categories of electronic data listed in the regulation available
for secondary use [41]. The term “making available” means
making the data available to a so-called Health Data Access
Body at its request [42]. In addition, data holders are obliged

to provide the Health Data Access Body with a general
description of the data sets they store [43].

Developments by the EHDS for
Secondary Use of Genomic Data for
Scientific Research

EU member states are required to appoint or establish public
bodies entitled Health Data Access Bodies [44]. Health Data
Access Bodies receive and review data users’ requests for access
to data that are retained in the EHDS for secondary use,
including scientific research use [45]. Prospective data users
must submit requests to Health Data Access Bodies, which
decide whether to authorize access to the requested data [46].
In administering such requests, Health Data Access Bodies
assess a number of factors stipulated in the legislation. Relevant
considerations include whether the applicant intends to use the
requested data for a purpose that the law authorizes, whether
the legislative preconditions to data access have been fulfilled,
and whether access to the requested data is necessary for the
applicant to fulfill their stated purpose [47]. If an applicant
fulfills the preconditions of data access, the Health Data Access
Bodies must issue a data permit in favor thereof. The permit
explicitly establishes the conditions according to which the data
can be used. Such a permit is valid for a maximum of 5 years
[48].

The requested data are provided in either pseudonymized or
anonymized form. Insofar as it is possible for the recipient to
achieve their purposes in reliance on anonymized data, the data
will be made available to them in an anonymized form. In all
cases, data users are strictly prohibited from reidentifying the
data that are provided to them [49,50].

Data access is provided through a secure data processing
environment. This secure environment is subject to legislatively
established security and interoperability requirements. This
environment implements the technical and organizational
measures required by the GDPR. For example, data users are
prevented, through technical controls, from downloading data
that are held in the secure processing environment [51]. The
proposed legislation does not consider Health Data Access
Bodies to be mere stewards of the data that are made available
to data users. Rather, both the data user and the Health Data
Access Body share legal responsibility for ensuring the lawful
use of the requested data—the law considers them to be “joint
controllers” [52].

The European Commission will collaborate with member states
to create a central infrastructure that enables data users to access
cross-border data through national points of contact. Member
states can appoint their coordinating Health Data Access Bodies
as their respective national points of contact. These contact
points will become the authorized participants in the
infrastructure [53,54]. National points of contact in each EU
member state will compile and publish a holistic, EU-wide
catalog of available data sets. This will assist prospective data
users in discovering relevant data sets that are held in other EU
member states for the purpose of requesting access thereto [55].
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Opening Up the EHDS for International
Scientific Collaborations

The European Commission intends to enable third countries
and international organizations to integrate their own national
points of contact with the EHDS infrastructure. The
Commission, together with the representatives of the national
points of contact of EU member states, referred to as the “joint
controllership group,” must perform a compliance assessment
before admitting foreign nodes to the overall EHDS network
[56]. If the outcome is favorable, the European Commission
will adopt an implementing act, which states that the concerned
foreign node is compliant with the EHDS regulation and further
requirements for the secondary use of data and provides access
to data users located in the EU to the electronic health data it
has access to on equivalent terms and conditions [57].
Thereupon, the foreign node is admitted to the EHDS
infrastructure and joins the national nodes of EU member states.

The proposed EHDS legislation establishes specialized rules
applicable to the secondary processing of health data for
scientific research purposes. These are compatible with the more
general GDPR rules that require data protection interests to be
balanced against the research interests pursued. To this end, the
GDPR requires the necessity and proportionality of the intended
data processing to be assessed and considered relative to the
sector-specific objectives thereof.

In admitting non-EU infrastructure nodes to the pan-EU network
of national points of contact, the European Commission submits
the applicant foreign nodes to the aforementioned assessment
procedure. By our reading, this assessment procedure mirrors
the “adequacy” review that the European Commission
undertakes before establishing that data importers in a third
jurisdiction are authorized to receive personal data transfers
from the EU without such transfers requiring additional legal
compliance measures. Therefore, before foreign nodes are
integrated into the EHDS infrastructure, it will be necessary for
the applicant nodes from third countries to demonstrate
compliance with the overall requirements of the GDPR, the
EHDS regulation, and the EU fundamental rights framework
to the satisfaction of the joint controllership group. This is
contingent on a thorough assessment of the legal rules and
practices in the applicant’s jurisdiction as regards State
surveillance, among other factors.

The proposed regulation creates a relationship of joint
controllership between EU national points of contact and their
non-EU corollaries. This enables data subjects in the EU to
assert legal claims against their own respective national EU
points of contact for misuses of data that occur through the fault
of non-EU points of contact. This may lead to positive outcomes
in facilitating access to legal remedies for EU data subjects.
However, EU points of contact could be held liable for the
activities of their non-EU partners through no fault of their own,
including through the breach of EU fundamental rights that
arise because of the surveillance activities of non-EU State
actors. This prospective liability could have a chilling effect on
the joint controllership group that is responsible for determining
whether foreign nodes should be admitted. That is, national EU

nodes might hesitate to admit foreign nodes to the larger network
if the behavior of the foreign nodes could cause the national EU
nodes to be held liable for a breach of the GDPR or the EHDS
regulation.

The use of a compliance assessment that mirrors the GDPR
adequacy procedure to admit foreign nodes to the network of
national points of contact of the EHDS is a curious legal design
choice. The EHDS technical platform is anticipated to integrate
secure data processing capabilities that preclude data from being
externally downloaded or otherwise replicated. Regardless of
the legal data protection norms—and surveillance
practices—applicable in the country of origin of the contributed
data, the technical design of the EHDS should achieve a
common, GDPR-compliant standard of data protection
guarantees. Therefore, it should be further examined whether
the policy choice to require a comprehensive compatibility
assessment, akin to a GDPR adequacy determination, before
integrating foreign nodes into the EU network is justified at all.

The integration of national health data spaces into a larger
international network will require governments and regulators
to pioneer novel legislative and nonlegislative measures. In this
respect, the European Commission holds a rarefied role as both
lawmaker and pioneer of critical international infrastructure
[12]. The European Commission has previously been criticized
for not considering existing measures that are used to balance
the risks and benefits of scientific research in performing
adequacy assessments directed at the health sector. Perceived
ambiguities arise in the guidelines of the European Commission
as to the criteria that must be used to determine whether the
norms of third countries should benefit from a favorable
adequacy decision. This creates legal uncertainties regarding
the functioning of the adequacy regime, which is the central
mechanism that enables third countries to benefit from
unencumbered transfers of data from the EU [58]. It remains to
be seen whether the European Commission will implement
transparent, comprehensible, and internally consistent
methodologies in deciding on the accession of third countries’
infrastructures to the EHDS.

The GDPR continues to apply to data processing in the EHDS.
Therefore, it remains open to member states to implement
supplementary conditions that are applicable to data processing
and international data transfer in the EHDS. The potential for
member states to do so is bounded by the limits established in
the GDPR. Nonetheless, this could detract from the harmonizing
prospects of the EHDS in enabling distinct member states to
apply their own divergent national norms to their respective
nodes of the infrastructure. For example, member states can use
domestic law to expressly establish limits to the transfer of
specific categories of personal data to a third country or
international organization for important reasons of public
interest. Such limits may be imposed so long as the concerned
country or international organization does not already benefit
from a GDPR adequacy decision [59].

In summary, the legislation creating the EHDS reprises
numerous restrictive and limitative elements of the GDPR that
will continue to impede the potential to make plentiful use of
data for genomic research supporting health research and care.
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In this respect, the EHDS will likely replicate, not resolve, the
problems that the GDPR has created for international biomedical
and genomic data exchange (Textbox 1). However, a
foundational pillar thereof has been unduly neglected: the

seamless integration of international data spaces into the EU
infrastructure and convenient access to the data in the EHDS
by researchers worldwide.

Textbox 1. Improving the European Health Data Space (EHDS).

Ways of improving the EHDS

• Interpret its data sharing rules against the backdrop of necessity and proportionality of data processing for scientific research purposes

• Create detailed rules for international joint controllers assigning clear obligations to best secure the data protection rights of patients and participants

• Relieve the burden of the main rule of data anonymization for scientific data processing not to affect the quality and usefulness of research results

• Improve security and organization through further measures such as implementing data analysis services

• Reduce member states’ individual rules for data sharing through sectoral harmonization by means of certification mechanisms and codes of
conduct

• Acknowledge making data available through the EHDS as a data processing step that does not constitute an international data transfer

• Acknowledge its security and organization as data sharing that is adequate for the genomic sector

• Foster public interest in genomic science through participation, information, and transparency

Other as-yet Unused Policy Instruments
to Support International Data Sharing

Having addressed how lacunae in the present draft of the EHDS
legislation could inhibit equitable collaboration in international
research, we now consider prospective alternatives to the current
design.

The mandate to create searchable, nonpersonal data catalogs is
a positive development that will help make data findable for
scientific research across regions and countries. However, the
EHDS legislation goes on to establish that primary data
access—rather than simple data discovery—will also require
the accessed data to be anonymized if identifiable data are not
strictly necessary for the intended purposes. Performing
scientific research using anonymized data inhibits the prospect
of gaining knowledge through the analysis thereof and inhibits
generalizable conclusions from being derived therefrom that
can be applied to patient care.

Considering that the EHDS intends to restrict data processing
to a cloistered technical infrastructure that does not enable users
to download or otherwise duplicate the concerned data, the
additional presumption in favor of data anonymization appears
overzealous. It pursues duplicative privacy controls at little
anticipated gain for data subjects while deprecating the
anticipated discoveries that scientific research communities can
derive through the analysis of data. At the same time, it is not
comprehensible why no distinction is made within the EHDS
between the assessment of the data protection standard for
international scientific collaborations based on the processing
of anonymous data that do not fall within the scope of data
protection laws and deidentified or pseudonymized data that
do.

It is recommended that the access of researchers in non-EU
countries to the EHDS not be treated as an international data
transfer for the purposes of the GDPR. The GDPR applies
additional rules to international transfers of personal data that
are directed at non-EU jurisdictions (or, rather, jurisdictions

outside the European Economic Area). These rules are
implemented to ensure that the standard of data protection—and
the fundamental rights guarantees—that is ensured to EU data
subjects is not compromised through the transfer of such data
to different countries that incorporate different—and potentially
lower—thresholds of data protection to their own national
norms. As access to data in the EHDS is performed on EU
infrastructure according to technical specifications determined
by EU policy makers, it is appropriate to avoid treating such
data processing activities as outbound data transfers from the
EU. Indeed, there is no prospect for such data processing
activities to inhibit the data protection guarantees provided to
EU data subjects as both EU and non-EU access to data hosted
in the EHDS take place according to the same conditions.

This determination is consistent with the CJEU’s jurisprudence,
the highest court of the EU. As early as 2003, the CJEU stated
that it could not be presumed that the expression “transfer [of
data] to a third country” intended to include the loading of data
onto an internet page even if those data were thereby made
accessible to persons in third countries. If this provision were
interpreted to mean that there is “transfer [of data] to a third
country” every time that personal data are loaded onto an
internet page, that transfer would necessarily be a transfer to all
the third countries where there are the technical means needed
to access the internet. This special regime would thus necessarily
become a regime of general application with regard to operations
on the internet [60].

The European Data Protection Board has since issued guidance
that seems to contradict the foregoing case law. The Board states
that an international data transfer includes not only the outright
transmission of data to third parties but also acts that make the
data available to different actors or entities in third countries
regardless of whether such importers are subject to the GDPR
with respect to the concerned processing activities [61].

It is uncontentious that accessing genomic data stored on an EU
platform via the internet is considered a data processing
operation. However, further clarification is required as to

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37236 | p.290https://www.jmir.org/2022/10/e37236
(page number not for citation purposes)

Molnár-Gábor et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


whether mere non-EU access to EU-hosted data constitutes an
international data transfer. That is, the GDPR international data
transfer rules are intended to be drawn on in cases where the
application of non-EU data protection rules and government
practices to EU-derived data has the potential to erode the
privacy and data protection guarantees to which data subjects
in the EU are otherwise entitled. If the EHDS data platform
creates a safe data space through technical measures and data
visitation requirements that ensure the continued application of
EU data protection standards, it stands to reason that data
processing performed on such a secure platform would not
trigger the application of GDPR data transfer rules.

Regulated entities can adopt specialized tools to tailor the
application and interpretation of the GDPR to a particular
economic sector or sphere of activities. These include codes of
conduct and certification mechanisms, among other similar
tools. Implementing these mechanisms in the context of genomic
research could help facilitate the outbound transfer of such data
from the EU. Indeed, this is the case as the GDPR recognizes
compliance with codes of conduct and certification mechanisms
that the European Commission has approved as methods of
ensuring the lawful outbound transfer of data from the EU to
non-EU jurisdictions even in the absence of an adequacy
decision in favor of the country of destination [62]. However,
as with all transfer instruments intended to compensate for a
lack of adequacy, the rules of such codes of conduct or
certification mechanisms must be observed through binding
and enforceable commitments on the part of the data recipient
in the third country. These must bind the data recipients to the
conditions established in the code of conduct or certification
mechanism and must further guarantee respect for the
fundamental rights of EU data subjects. These mechanisms bear
the same limitations as other GDPR transfer mechanisms
regarding the fundamental rights of EU data subjects. That is,
none can overcome State surveillance practices and
discrepancies in local law that would enable State actors to
access the data of EU data subjects despite binding and
enforceable commitments not to share such data entered into
by the data recipient.

Therefore, both codes of conduct and certification mechanisms
can suffer from the same imperfect fundamental rights
environment as any other GDPR transfer mechanism. Despite
these limitations, the aforementioned transfer mechanisms are
always created in a sector-specific manner that helps specify
the application of data protection rules to the particularities of
the concerned data processing activities. This helps identify the
technical data protection measures that are relevant to the
processing activities of the concerned economic sector and
balance data protection interests against other competing
interests in a context-sensitive and sector-relevant manner.

Conclusions

Providing sector-specific, purpose-related rules through codes
of conduct and clarifying the boundaries of the term “transfer”
in data protection law will contribute to nuanced international
data sharing rules. Indeed, in carefully narrowing the ambit of
international data transfers to those uses of data that pose a

prospective risk to the fundamental rights of EU data subjects,
EU regulators will incentivize the design of legal and technical
enclaves enabling non-EU data users to process EU data in a
manner that benefits EU and non-EU communities without
engendering correlative risks to individual privacy. However,
ultimately, both the international community and individual
countries are called upon to collaborate in raising local standards
of data protection to provide minimum guarantees against State
surveillance that are compatible with human and fundamental
rights. At the same time, it is neither fair nor necessary to inhibit
data use that enables genomic research because of
incompatibilities in national legal systems protecting data
subjects from surveillance and incompatibilities that arise
outside the context of scientific research.

Determining the appropriate boundaries between the privacy
rights of research participants and the countervailing exceptional
right for State actors to access personal data that have been
processed for scientific research purposes to further the interest
of law enforcement raises contentious issues of public policy.
A delicate balance between the public interest in scientific
research and the countervailing interest in law enforcement must
be achieved. Interestingly, we already see this in the context of
the United States, with Certificates of Confidentiality available
to protect participants from forced data disclosure by law
enforcement officials [63].

Parallel progress must ideally be pursued in both of the
foregoing policy arenas. That is, paths to the secure exchange
of biomedical data for research purposes must be negotiated
absent global consensus as to the appropriate balance between
security or law enforcement interests on the one hand and data
protection or privacy on the other. However, at the same time,
further international dialogue must be pursued to foster an
agreement on a shared minimum standard of data protection
and privacy rights for individuals worldwide. To achieve this
objective, it would be possible for EU regulators to issue an
adequacy decision in favor of the research sector of a third
country. The GDPR provides the possibility of proffering an
adequacy decision in favor of only one or more specified sectors
within a third country. There are good policy reasons for
pursuing this path. Indeed, there have been considerable efforts
on the part of scientific research communities to ensure the good
governance of collaboratively generated scientific research data.
International collaboration has contributed to the development
of common data stewardship practices, data security standards,
and biomedical research ethics rules throughout global
biomedical research endeavors. It is up to lawmakers to
acknowledge these efforts and bridge the gap by providing the
corresponding sectoral protection of data sharing and ensuring
that its processing purpose remains for scientific research in the
public interest shielded from fundamental rights intrusions.

Such a development would, in the short term, constitute an
appropriate recognition by lawmakers of both the positive and
negative dimensions of freedom of scientific research. From a
negative rights standpoint, this would protect researchers from
State incursions on this fundamental right. From a positive rights
standpoint, this recognition would impel scientists to pursue
the dual objectives of protecting data subjects’ rights and
freedoms while also excelling in the production of
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state-of-the-art research outputs. In the medium term, the
creation of “safe data spaces” can contribute to the efficient
pursuit of scientific advancement, creating a favorable regulatory
environment that enables contribution to and benefit from
existing scientific data resources on the part of scientific
communities and the general public in compliance with clearly
defined legal preconditions. In the long term, the advent of safe
data spaces can significantly contribute to the formation of a
novel regulatory sector in the health sciences that directs public
and private resources toward judiciously balancing the interests
of the main contributors and stakeholders engaged. These

stakeholders include patients, research participants, researchers,
and physicians. Thus, the legislator would act as a focused
enabler. These developments would ultimately foster the
development of a sector-specific adequacy standard in the area
of health research, the foundation of which is already established
in the GDPR. These considerations should serve as the
beginning of a robust and global health data governance
framework with standardized and binding international rules
for scientific health research, including genomic science,
developed and implemented in all of our interests as a global
community.
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Abstract

The use of patient-facing online symptom checkers (OSCs) has expanded in recent years, but their accuracy, safety, and impact
on patient behaviors and health care systems remain unclear. The lack of a standardized process of clinical evaluation has resulted
in significant variation in approaches to OSC validation and evaluation. The aim of this paper is to characterize a set of congruent
requirements for a standardized vignette-based clinical evaluation process of OSCs. Discrepancies in the findings of comparative
studies to date suggest that different steps in OSC evaluation methodology can significantly influence outcomes. A standardized
process with a clear specification for vignette-based clinical evaluation is urgently needed to guide developers and facilitate the
objective comparison of OSCs. We propose 15 recommendation requirements for an OSC evaluation standard. A third-party
evaluation process and protocols for prospective real-world evidence studies should also be prioritized to quality assure OSC
assessment.

(J Med Internet Res 2022;24(10):e37408)   doi:10.2196/37408
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Introduction

The last decade has seen a proliferation of online symptom
checkers (OSCs). The pervasiveness of smartphones, tablets,
and personal computers has increased the availability of these
free and accessible decision support tools that offer on-demand
symptom assessment at scale [1]. Although many OSCs products
are developed by commercial companies as direct-to-consumer
products, several products have been deployed within national
health care systems including ‘National Health Service (NHS)
111’ online and Babylon ‘Ask A&E’ in the United Kingdom
and ‘healthdirect’ in Australia. These patient-facing general
purpose symptom checkers are intended for members of the
public to use at home as a decision aid to help inform them
about the potential cause of their symptoms and where to seek
care.

Despite widespread use of OSCs, there are various concerns
about their clinical safety and accuracy [1-7]. A key factor
contributing to this uncertainty stems from a lack of consensus
regarding an objective methodology or an agreed standard for
OSC evaluation.

Although OSCs must comply with Medical Device Regulations
[8] and are encouraged to align with evidence standards [9],
governance structures for digital health technologies in the
United Kingdom and European Union do not stipulate any
specific clinical evaluation method or protocol for OSCs [8,9].
In 2020, the Care Quality Commission conducted the first
regulatory sandbox focused on digital triage tools, highlighting
the following:

[D]igital triage tools are not fully clinically validated
or tested by product regulators and notified bodies.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37408 | p.296https://www.jmir.org/2022/10/e37408
(page number not for citation purposes)

Painter et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:a.painter22@imperial.ac.uk
http://dx.doi.org/10.2196/37408
http://www.w3.org/Style/XSL
http://www.renderx.com/


We have learned that there is great variation in their
clinical performance. [10]

Most OSCs are registered as Class I medical devices in the
European Union and the United Kingdom [3]. Class I status
involves self-certification by developers and does not require
assessment by a notified body [8]. In the United Kingdom, part
II of the UK Medical Device Regulations 2002 requires that
Class I products must provide evidence of clinical evaluation
and that “the data needs [sic] to adequately demonstrate that
the product fulfils its intended purpose” [8]. However, neither
the Medical Device Regulations nor the Medicines and
Healthcare products Regulatory Agency provide detailed
guidance on how this should be carried out for OSCs
specifically, and they do not stipulate a requirement for objective
third-party assessment. This has meant that developers can
create their own internal methods for clinically evaluating their
products without the need for an objective or impartial
assessment to be undertaken.

The National Institute of Health and Care excellence (NICE)
in the United Kingdom has published and recently updated a
set of evidence standards for digital health technologies [9].
This guidance categorizes digital health technologies into
various tiers and suggests appropriate evidence requirements
for each. However, this guidance does not include any specific
approaches for OSC clinical evaluation methodology.

The lack of consensus on OSC clinical evaluation methodology
may also account for conflicting results reported in comparative
research studies of OSCs [1,2,4-6,11,12]. Despite appearing to
share a similar evaluation approach (eg, using clinical case
vignettes to compare OSCs to a ‘gold standard’ set by
clinicians), there is notable variation in the methods used at
various steps of the evaluation processes in these studies. These
include differences in the number, type, and content of vignettes
used; who and how many people input the vignettes into OSCs;
how the gold standard diagnostic and triage solutions are chosen;
how results are benchmarked against the gold standard; as well
as the number and specification of performance metrics used.
Inconsistencies of study findings may be further compounded
by the low quality of most comparative studies published to
date, which are largely observational studies, usually published
as grey literature and often by OSC developers themselves,
introducing a significant risk of bias [7,13]. As a result, the
findings of most vignette-based OSC studies are difficult to
reproduce independently, and this applies especially to those
studies published by OSC developers.

The need for more robust clinical evaluation guidelines for
OSCs has been highlighted in existing literature [7,14].
Suggestions include applying extant evaluation frameworks
currently used in mobile health and health informatics to OSCs
[14]. Future recommendations should ideally build on these
suggestions to inform the development of a standard for
vignette-based OSC clinical evaluation methodology. The aim
of this paper is to characterize a set of congruent requirements
for a standardized OSC vignette-based clinical evaluation
process.

The recommendations in this paper were developed through
evaluation of primary literature alongside informal discussions
with OSC developers involved in clinical evaluation and
researchers who have undertaken comparative OSC studies.

Recommended Requirements for an OSC
Clinical Evaluation Standard

Robust clinical evaluation guidelines are required to align the
processes used by both developers and evaluators of
patient-facing general purpose OSCs. The development of a
congruent and evidence-based guideline is needed to help
provide assurance that OSCs are fit for purpose, promote patient
safety, and can help facilitate objective and reliable product
comparison and benchmarking.

The variability in results from comparative studies highlights
the vulnerability of current vignette-based OSC evaluation
approaches. Therefore, any standard for vignette-based clinical
evaluation of OSCs will require careful consideration to ensure
an objective and robust process is specified, including guidance
on how these processes should be implemented and reported in
a way that is open and transparent.

Table 1 summarizes 15 key requirements across 7 categories
within vignette-based clinical evaluation methodology that could
benefit from standardization. These recommendations are
intended to guide the creation of a shared standard to be
followed by both developers and researchers of OSCs when
undertaking a clinical evaluation process using vignettes.
Although individual vignette data sets and methodological
details may vary according to a given OSC use case, this
variation would be limited by the parameters set out in this
proposed standard. These recommendations do not represent a
standardized third-party evaluation protocol but could be
followed in the design of such a process. Third-party
benchmarking is discussed further in the ‘Recommendations
for future work’ section.
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Table 1. Summary of recommended requirements for a vignette-based online symptom checker (OSC) clinical evaluation standard.

RequirementsCategory

Vignettes • Illustrate the method for determining the minimum number of vignettes required for OSC evaluation.
• Specify the minimum information to be included in each vignette.
• Provide guidance on determining the conditions, symptoms, or spread of cases to be included and assurance that this

appropriately represents the target user population.
• Specify vignette origin requirements (eg, simulated vs real-world cases).

Clinician assessment • Specify the appropriate clinicians (including role, speciality, and seniority) to be used in the assignment of ‘gold standard’
labels.

• Illustrate the method used for compilation of a gold standard (eg, averaged single blinded assessment or consensus dis-
cussion).

Triage • Specify standardized triage categories, including setting and time periods.
• Provide guidance on the use of triage gold standards as a range for both urgency and setting.

Differential diagnosis • Illustrate the method for comparing OSC differential diagnosis list to gold standard dispositions.

Accuracy • Illustrate the accuracy and safety score calculation method, accounting for outcomes that fall both below and above the
gold standard.

• Specify the minimum accepted accuracy and safety scores.

Safety netting • Specify how safety netting contributes to product safety scores.

Inputters • Specify the minimum interrater reliability scores for inputters of vignettes.
• Illustrate the method for determining the number of tests and inputters required for each vignette.
• Specify the appropriate characteristics for vignette inputters (eg, medical education level and affiliation with developers).

Vignettes

OSCs are most often validated using a set of clinical case
‘vignettes’ [4-6,11,12]. Each vignette represents a possible
clinical scenario or ‘case’ and contains information such as key
patient demographics, relevant medical history, and symptoms.
This method has also been used to assess the reliability of
clinician-facing diagnostic decision support tools [15,16] and
diagnoses made by clinicians [17,18].

The number of vignettes that should be used during clinical
evaluation of an OSC is not defined. There is a lack of guidance
about the spread of diseases or presentations that should be
included in any given vignette set. There is no guidance on how
representative the vignettes should be of the target user
population in terms of disease incidence or prevalence and
demographics, such as gender, age, and ethnicity, risking an
increase in existing inequalities through a lack of inclusion [19].
The minimum level or amount of information that each
individual vignette should contain (ie, user demographics,
comorbidities, and current medications) is also undefined.

The use of vignettes for clinical evaluation has limitations.
Clinicians assessing vignettes are restricted to the information
provided without the opportunity to ask additional questions,
examine the patient, or assess nonverbal cues. Meanwhile, when
an OSC is being tested using a case vignette, the inputter may
be forced to make assumptions when answering questions about
aspects that are not illustrated in the finite vignette script [12].

Most published OSC comparative studies use disease-based
vignettes authored by clinicians [4,5,11,12,16]. These vignettes
have additional constraints as clinical authors are likely to
describe symptoms differently to patients and vice versa. These

imagined vignettes are also subject to bias from authors’clinical
experience and education and may result in ‘textbook’
presentations of diseases rather than realistic cases. The potential
for bias is further compounded by the fact that vignettes used
in the clinical evaluation of an OSC by developers can be written
by clinicians employed by developers themselves. Vignettes
coproduced with direct patient input and based on real-world
patient-reported symptoms that are not created by OSC
developers may be preferable for use in OSC validation studies.

Given the limitations of a vignette-based approach, any OSC
clinical evaluation standard involving vignettes should specify
the following: (1) the number of case vignettes that must be
used to test an OSC; (2) the minimum information to be
contained in each vignette; (3) the conditions, symptoms, or
spread of cases, that must be included in this data set, including
representability to the target user population demographics; and
(4) the provenance and creation process of the vignettes (eg,
whether they are simulated or real-world cases).

Clinical Assessment

Gold Standard
A ‘gold standard’ label is a term used to refer to an ‘ideal’ set
of outcomes to which an OSC is compared during a clinical
evaluation process. In clinical practice, there is no ‘ideal’ way
of triaging patients and no ‘perfect’ differential diagnosis.
However, gold standard triage and diagnostic labels are required
to obtain a quantitative assessment of OSC performance. The
‘gold standard’ vignette labels used in these assessments are
generally assigned by practicing clinicians [4,5,12,20].
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The type of clinical professional and the speciality and level of
seniority of the clinicians used to generate these labels are all
likely to have an impact on the gold standard that is generated.
Published studies comparing OSCs to date have used different
types and number of clinicians to develop their gold standard
labels. Several studies used groups of general practitioners (GPs)
[11,12], whereas others used a range of clinical professionals
including GPs, paramedics, pharmacists, emergency medicine
consultants, and triage nurses [1,4,20]. These differences may
have contributed to the varying outcomes of these studies and
highlights the need for a consensus.

Gold standard labels are vulnerable to significant interclinician
variability even among clinicians from the same field of
specialization [12,17,18]. Therefore, the method in which the
labels from different clinicians are collated can impact the gold
standard. There is a notable disparity in the collation methods
used in published studies. Whereas some studies collate
assessments by using the majority outcome or the most severe
outcome [11,20], other approaches center around asking
clinicians to discuss cases together to reach a consensus decision
either in a single session or following a series of ‘roundtables’
[1,12].

Variability in the clinician type and number as well as the
methods used to assign and compile gold standards is likely to
have contributed to the inconsistency in the results of published
OSC evaluation studies. A vignette-based OSC clinical
evaluation standard should specify the appropriate cadre of
clinicians (including role, speciality, and seniority) and the
approach they use to assign gold standard labels and illustrate
the method for compilation of a gold standard (eg, averaged
single blinded assessment or consensus discussion).

Triage

OSCs may provide users with a triage or priority
recommendation advising at what setting and with what degree
of urgency to seek help. Urgency refers to how soon a person
should be assessed by a health care professional (eg, seek care
immediately, within 48 hours, or within 3 weeks), whereas
setting refers to the specific area of health care most appropriate
for this assessment (eg, emergency department, GP, or
pharmacy). Both are important factors when benchmarking a
triage recommendation by an OSC to a gold standard.

A major challenge with producing a consensus in the clinical
evaluation process for OSCs or in comparing the performance
of different OSCs is that different OSCs use different urgency
and setting categories [12]. Whereas some OSCs may have
urgency categories with a time horizon of ‘within 1 hour,’
‘within 1 day,’ and ‘within 1 week,’ others may use ‘within 6
hours,’ within ‘48 hours,’ and ‘within 2 weeks.’ The same issue
applies to the speciality or service setting (eg, some OSCs may
suggest pharmacist, dentist, and physiotherapist, whereas others
may suggest self-care, GP, and ED). This has led to attempts
to map the outcomes from different OSCs to variable reference
category sets in comparative studies [5,6,11,12]. Guidance is
required to standardize the method of comparing outcomes from
different OSCs or to specify the use of a standardized triage
category set for both service settings and time horizons. Health

systems vary considerably in terms of access to health
assessment and advice; therefore, triage recommendations that
are appropriate in one country or setting may be unrealistic or
unachievable for users in other countries or settings. This will
need to be considered in the formation of an evaluation standard.

The use of triage ranges should also be considered when
benchmarking OSC performance. Several comparative studies
assessed OSCs based on whether they exactly matched a gold
standard triage category [1,5,6,12]; however, OSC triage
outcomes that are slightly outside of the gold standard may still
be clinically appropriate and safe [11]. An example case is as
follows: a case vignette describes a patient with ear pain. The
gold standard triage solution has been set to ‘see GP within 3
weeks.’ When tested, the OSC triage recommendation was ‘see
a pharmacist within 1 week.’

In the example described, this OSC triage recommendation does
not exactly match the correct gold standard triage solution;
however, it may still be considered safe and would likely result
in the appropriate use of health resources. It may therefore be
more appropriate for a clinical evaluation standard to outline
an approach that encourages the use of a gold standard range
for triage solutions of both urgency and setting rather than a
singular outcome.

Differential Diagnosis

Benchmarking OSC differential diagnoses to a set of gold
standard diagnoses presents unique challenges. The method
employed in most published evaluation studies involves using
vignettes that are written to represent specific diseases. OSCs
are then assessed to see if they suggest this disease as the most
likely diagnosis or as part of a differential diagnosis list
[1,4,5,11,12].

One significant limitation with this approach is that many OSCs
suggest several possible diagnoses, and it is important that each
proposed diagnosis is congruent with the case vignette.
Secondly, this method is limited when delineating rare
conditions from a vignette. This is largely because the symptoms
of rare conditions are often also shared with much more common
conditions, implying that the ‘ideal’ outcome for a vignette for
a rare disease would not necessarily place the rare disease as
the top differential. Ideally, all the OSC differentials should be
included in a comparison to gold standard differential diagnoses
solutions rather than simply matching a specific disease label.

Safety and Accuracy Thresholds

OSCs are unlikely to always match a gold standard solution
exactly. Accepted safety and accuracy thresholds when
compared to a gold standard solution, and how such standards
should be calculated, will need to be carefully considered in the
development of a shared clinical evaluation standard.

In the absence of an agreed standard, developers can set their
own safety and accuracy thresholds, which could risk unsafe
products being released and causing patient harm. On the other
hand, due to concerns about patient safety and product liability,
there is also a tendency for OSCs to be risk averse. Studies have
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demonstrated that OSCs often advise contact with health care
services for conditions that can be self-managed and thus
‘overtriage’ patients, which could result in an increased burden
on health care systems [1,2,4,13,21-23]. Overtriage may also
cause unintended harm to patients through heightened anxiety
as well as unnecessary investigations and treatments. As such,
it is important that the frequency of OSC outcomes that exceed
an agreed gold standard triage or diagnosis severity is considered
alongside the frequency of outcomes that fall below it. This is
supported by the Care Quality Commission regulatory sandbox
on digital health triage tools, which suggested that

assessments should be based on where people have
been wrongly escalated resulting in undue anxiety,
as well as where tools have failed to address people’s
ill health. [10]

Safety Netting

Some OSCs offer safety netting advice to users in addition to
triage and differential diagnosis outcomes. Safety netting
includes advice about possible future symptoms that may
suggest deterioration or warrant a more urgent health care
review. For example, an OSC might suggest that a patient books
a routine appointment with their GP within 3 weeks, while also
advising that if certain symptoms develop or worsen, they should
see a GP sooner or attend ED.

The presence and quality of safety netting is often overlooked
in OSC comparative studies, but it is an essential part of
traditional doctor-patient consultations and considered during
assessments of medical negligence [24]. A consensus clinical
evaluation guideline should specify how safety netting should
be incorporated into safety and efficacy ratings.

Inputters

Comparative studies showed that inputters can get different
consultation outcomes when testing the same vignettes
demonstrated by high levels of interrater variability [12,25].

This may be due to variations in how inputters answer OSC
questions. For example, one person’s interpretation of ‘fever’
or ‘severe pain’may vary from another, causing them to answer
questions differently. Research has also shown that inputters
may also enter symptoms in a different order, and some may
enter an incomplete list of symptoms, both of which can result
in completely different OSC outcomes [26].

Comparative studies published to date have used variable
numbers of inputters; some have used a single inputter [4-6],
while others have used multiple [11,12]. The inputters have also
varied in terms of medical literacy, with some studies using
qualified medical professionals as inputters [11] and others
using nonmedically qualified individuals [4-6,12]. These
differences may cause significant variations in vignette
interpretation and OSC outcomes. Multiple nonmedically
qualified inputters may best represent real-world OSC users.

Given this variation in outcomes depending on individual
inputters, a clinical evaluation standard should specify the
minimum scores for interrater reliability. This could be

combined with stipulating how many independent inputters
should be required to test each vignette during evaluation with
an average taken of the various obtained outcomes [12]. A
defined order for symptom entry and a process evaluating the
wording of OSC questions for clarity and ease of interpretation
could also be considered.

Recommendations for Future Work

Third Party Benchmarking
In addition to shared clinical evaluation guidelines, an important
next step in improving confidence in the safety and accuracy
of OSCs would be the development of an objective third-party
benchmarking process for OSCs. This has been recommended
by the Care Quality Commission sandbox, stating the following:

NHSX and NHS England should work with NICE NHS
Digital to develop and publish the results of a fair
test of clinical performance. [10]

The results would ideally involve the curation of a set of
evaluation vignettes described as a “national dataset of real
patient histories, which is not shared with suppliers” [10].

Independent case vignette repositories have also been suggested
by authors of comparative studies [6].

Two United Nations agencies—the World Health Organization
and the International Telecommunication Union—established
a Focus Group on Artificial Intelligence for Health (FG-AI4H)
in July 2018. FG-AI4H is developing a benchmarking process
for health artificial intelligence models that can act as an
international, independent, standard evaluation framework. It
has a topic group focused on artificial intelligence–based
symptom checkers with participation from numerous OSC
developers, including Ada, Healthily, Babylon, and Buoy Health
[18]. As with a clinical evaluation standard, it will be essential
that this process can keep pace with rapid development of digital
products and does not become a barrier to innovation.

Protocols for Prospective Real-world Evidence
The clinical evaluation methods described in this paper relate
to a theoretical validation of a model’s performance that would
often be performed by developers prior to product release or
during the release of product updates. This should be
distinguished from prospective clinical trials of OSCs in
real-world settings. There is a strong need for studies of the
real-world impact of OSCs on health care systems [7,14,23].
Robust prospective clinical studies comparing OSCs to existing
provision, conducted by independent researchers, will be
required in the ‘preprimary care’ and community setting to
obtain a complete assessment of clinical product performance
[27].

Some prospective clinical studies have been conducted to date
comparing OSC triage to laypersons [28,29] and comparing
OSC diagnoses to clinician diagnosis in real-world patients
[30-32]. However, as with vignette-based evaluation studies,
these prospective clinical studies demonstrate significant
methodological variation, including the methods used for
determining a gold standard outcome and benchmarking to this
standard. Therefore, in addition to a standardized OSC

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37408 | p.300https://www.jmir.org/2022/10/e37408
(page number not for citation purposes)

Painter et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


vignette-based clinical evaluation process, published protocols
with standardized methods specific to prospective clinical
studies would also be helpful. Conducting prospective trials at
a pace that matches rapid iteration of products will present novel
challenges and will require innovative approaches to evaluation
methodology.

Guidance is also required on how to evaluate the extent to which
OSCs’ advice can be trusted and how user behavior varies
compared to when they are given advice from health care
professionals, such as triage nurses, pharmacists, or GPs [23].
Compliance with OSC advice is expected to be relatively low;
evaluation of the NHS Pathways algorithm suggested that 30%
of users who are told to attend emergency department using the
algorithm do not comply. Conversely, 10.8% of users attend
emergency department when they are advised against it [21].

User satisfaction as well as product usability and acceptability
should also be further investigated. Some studies of usability
of individual OSCs in real-world settings have been published
[21,33], but further studies are required. This should include
significant patient and public engagement and the exploration
of differences among user sociodemographic groups that could
impact health care inequality.

Conclusions

OSCs have significant potential to support the ability of
individuals to self-care providing access to quality-assured
health care information, and triaging recommendations. The
use of these tools at scale could improve the rational use of
scarce health resources, while also prompting patients with ‘red
flag’ symptoms to seek emergency care promptly. However,
there is currently no standardized way of clinically evaluating
OSCs or benchmarking accuracy and safety. This makes

comparison of OSC performance challenging and raises
concerns about risks to patient safety and increasing health care
system demand due to the use of OSCs. A set of objective
guidelines for vignette-based clinical evaluation is required to
instill confidence that an OSC is providing accurate and safe
advice without adversely impacting health care systems.

The recommended requirements for a vignette-based OSC
clinical evaluation standard summarized in Table 1 can help
OSC developers, regulators, and health care systems work
together to develop an effective validation standard. A clinical
evaluation standard must be able to keep pace with the rapid
iteration and development cycles of such technologies.
Therefore, it will be essential that it is practical, pragmatic, and
dynamic and does not introduce unnecessary barriers to
innovation. The manual entry of vignettes that is often used in
comparative studies is unlikely to be scalable, and therefore,
the standard should also incorporate automated clinical
evaluation methods.

The relative roles of vignette-based clinical evaluation versus
prospective clinical studies will require further consideration.
The rapid iteration of OSCs will likely make it unrealistic (due
to both time and financial constraints) for prospective clinical
studies to be conducted each time an OSC model is updated.
Therefore, vignette-based evaluation is likely to continue to
have a significant ongoing role in the validation of OSCs.

In future, the clinical evaluation of OSCs is expected to involve
a mixture of vignette-based clinical evaluation by developers,
third-party benchmarking, and prospective clinical studies.
Therefore, alongside efforts to develop a clinical evaluation
standard, the development of a third-party benchmarking process
and the publication of protocols for prospective clinical studies
to evaluate OSCs in real-world settings are of high priority.

 

Acknowledgments
BH and AEO are in part supported by the National Institute for Health and Care Research (NIHR) Applied Health Research
(ARC) Northwest London. The views expressed in this publication are those of the authors and not necessarily those of the
National Health Service (NHS), the NIHR, or the Department of Health and Social Care.

Authors' Contributions
AP conceptualized and drafted the manuscript. All authors reviewed, edited, and approved the manuscript.

Conflicts of Interest
BH is the Clinical Lead for Research and Development for eConsult, a platform for online consultations in primary, secondary,
and urgent or emergency care. He has previously worked for Your.MD, an OSC provider (November 2019-May 2021). AP
previously worked for Babylon Health, another OSC provider (June 2019-July 2020).

References
1. Hill MG, Sim M, Mills B. The quality of diagnosis and triage advice provided by free online symptom checkers and apps

in Australia. Med J Aust 2020 Jun 11;212(11):514-519. [doi: 10.5694/mja2.50600] [Medline: 32391611]
2. Wallace W, Chan C, Chidambaram S. The diagnostic and triage accuracy of digital and online symptom checker tools: a

systematic review. MedRxiv Preprint published online December 21, 2021. [doi: 10.1101/2021.12.21.21268167]
3. Iacobucci G. Row over Babylon's chatbot shows lack of regulation. BMJ 2020 Feb 28;368:m815. [doi: 10.1136/bmj.m815]

[Medline: 32111647]

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37408 | p.301https://www.jmir.org/2022/10/e37408
(page number not for citation purposes)

Painter et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.5694/mja2.50600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32391611&dopt=Abstract
http://dx.doi.org/10.1101/2021.12.21.21268167
http://dx.doi.org/10.1136/bmj.m815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32111647&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Ceney A, Tolond S, Glowinski A, Marks B, Swift S, Palser T. Accuracy of online symptom checkers and the potential
impact on service utilisation. PLoS One 2021 Jul 15;16(7):e0254088 [FREE Full text] [doi: 10.1371/journal.pone.0254088]
[Medline: 34265845]

5. Semigran H, Linder J, Gidengil C, Mehrotra A. Evaluation of symptom checkers for self diagnosis and triage: audit study.
BMJ 2015 Jul 08;351:h3480 [FREE Full text] [doi: 10.1136/bmj.h3480] [Medline: 26157077]

6. Schmieding ML, Kopka M, Schmidt K, Schulz-Niethammer S, Balzer F, Feufel MA. Triage accuracy of symptom checker
apps: 5-year follow-up evaluation. J Med Internet Res 2022 May 10;24(5):e31810 [FREE Full text] [doi: 10.2196/31810]
[Medline: 35536633]

7. Gottliebsen K, Petersson G. Limited evidence of benefits of patient operated intelligent primary care triage tools: findings
of a literature review. BMJ Health Care Inform 2020 May 07;27(1):e100114 [FREE Full text] [doi:
10.1136/bmjhci-2019-100114] [Medline: 32385041]

8. Guidance on Class I medical devices. UK Government. 2016. URL: https://www.gov.uk/government/collections/
guidance-on-class-1-medical-devices [accessed 2022-08-08]

9. Evidence standards framework (ESF) for digital health technologies. NICE. URL: https://www.nice.org.uk/about/what-we-do/
our-programmes/evidence-standards-framework-for-digital-health-technologies [accessed 2022-08-10]

10. Digital triage in health services. Care Quality Comission. URL: https://www.cqc.org.uk/what-we-do/how-we-work-people/
digital-triage-health-services [accessed 2022-08-08]

11. Gilbert S, Mehl A, Baluch A, Cawley C, Challiner J, Fraser H, et al. How accurate are digital symptom assessment apps
for suggesting conditions and urgency advice? A clinical vignettes comparison to GPs. BMJ Open 2020 Dec
16;10(12):e040269 [FREE Full text] [doi: 10.1136/bmjopen-2020-040269] [Medline: 33328258]

12. El-Osta A, Webber I, Alaa A, Bagkeris E, Mian S, Taghavi Azar Sharabiani M, et al. What is the suitability of clinical
vignettes in benchmarking the performance of online symptom checkers? An audit study. BMJ Open 2022 Apr
27;12(4):e053566 [FREE Full text] [doi: 10.1136/bmjopen-2021-053566] [Medline: 35477872]

13. Chambers D, Cantrell AJ, Johnson M, Preston L, Baxter SK, Booth A, et al. Digital and online symptom checkers and
health assessment/triage services for urgent health problems: systematic review. BMJ Open 2019 Aug 01;9(8):e027743
[FREE Full text] [doi: 10.1136/bmjopen-2018-027743] [Medline: 31375610]

14. Fraser H, Coiera E, Wong D. Safety of patient-facing digital symptom checkers. The Lancet 2018 Nov;392(10161):2263-2264.
[doi: 10.1016/S0140-6736(18)32819-8]

15. Bond WF, Schwartz LM, Weaver KR, Levick D, Giuliano M, Graber ML. Differential diagnosis generators: an evaluation
of currently available computer programs. J Gen Intern Med 2012 Feb 26;27(2):213-219 [FREE Full text] [doi:
10.1007/s11606-011-1804-8] [Medline: 21789717]

16. Berner ES, Webster GD, Shugerman AA, Jackson JR, Algina J, Baker AL, et al. Performance of four computer-based
diagnostic systems. N Engl J Med 1994 Jun 23;330(25):1792-1796. [doi: 10.1056/nejm199406233302506]

17. Yager J, Linn LS, Leake B, Gastaldo G, Palkowski C. Initial clinical judgments by internists, family physicians, and
psychiatrists in response to patient vignettes: I. Assessment of problems and diagnostic possibilities. Gen Hosp Psychiatry
1986 Jan;8(3):145-151. [doi: 10.1016/0163-8343(86)90072-1]

18. Peabody JW, Luck J, Glassman P, Dresselhaus TR, Lee M. Comparison of vignettes, standardized patients, and chart
abstraction: a prospective validation study of 3 methods for measuring quality. JAMA 2000 Apr 05;283(13):1715-1722.
[doi: 10.1001/jama.283.13.1715] [Medline: 10755498]

19. Noor P. Can we trust AI not to further embed racial bias and prejudice? BMJ 2020 Feb 12;368:m363. [doi: 10.1136/bmj.m363]
[Medline: 32051165]

20. Turner J, O’Cathain A, Knowles E, Nicholl J, Tosh J, Sampson F, et al. Evaluation of NHS 111 pilot sites: final report.
The University of Sheffield. 2012 Aug. URL: https://data.parliament.uk/DepositedPapers/Files/DEP2012-1694/
HL3309-LibDoc.pdf [accessed 2022-10-13]

21. Lewis J, Stone T, Simpson R, Jacques R, O'Keeffe C, Croft S, et al. Patient compliance with NHS 111 advice: analysis of
adult call and ED attendance data 2013-2017. PLoS One 2021 May 10;16(5):e0251362 [FREE Full text] [doi:
10.1371/journal.pone.0251362] [Medline: 33970946]

22. Turner J, O'Cathain A, Knowles E, Nicholl J. Impact of the urgent care telephone service NHS 111 pilot sites: a controlled
before and after study. BMJ Open 2013 Nov 14;3(11):e003451 [FREE Full text] [doi: 10.1136/bmjopen-2013-003451]
[Medline: 24231457]

23. Nguyen H, Meczner A, Burslam-Dawe K, Hayhoe B. Triage errors in primary and pre-primary care. J Med Internet Res
2022 Jun 24;24(6):e37209 [FREE Full text] [doi: 10.2196/37209] [Medline: 35749166]

24. Playing it safe - safety netting advice. MDU Journal. URL: https://mdujournal.themdu.com/issue-archive/issue-4/
playing-it-safe---safety-netting-advice [accessed 2022-08-10]

25. Jungmann SM, Klan T, Kuhn S, Jungmann F. Accuracy of a chatbot (Ada) in the diagnosis of mental disorders: comparative
case study with lay and expert users. JMIR Form Res 2019 Oct 29;3(4):e13863 [FREE Full text] [doi: 10.2196/13863]
[Medline: 31663858]

26. Knitza J, Tascilar K, Gruber E, Kaletta H, Hagen M, Liphardt A, et al. Accuracy and usability of a diagnostic decision
support system in the diagnosis of three representative rheumatic diseases: a randomized controlled trial among medical

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37408 | p.302https://www.jmir.org/2022/10/e37408
(page number not for citation purposes)

Painter et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0254088
http://dx.doi.org/10.1371/journal.pone.0254088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34265845&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=26157077
http://dx.doi.org/10.1136/bmj.h3480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26157077&dopt=Abstract
https://www.jmir.org/2022/5/e31810/
http://dx.doi.org/10.2196/31810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35536633&dopt=Abstract
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=32385041
http://dx.doi.org/10.1136/bmjhci-2019-100114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32385041&dopt=Abstract
https://www.gov.uk/government/collections/guidance-on-class-1-medical-devices
https://www.gov.uk/government/collections/guidance-on-class-1-medical-devices
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.nice.org.uk/about/what-we-do/our-programmes/evidence-standards-framework-for-digital-health-technologies
https://www.cqc.org.uk/what-we-do/how-we-work-people/digital-triage-health-services
https://www.cqc.org.uk/what-we-do/how-we-work-people/digital-triage-health-services
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33328258
http://dx.doi.org/10.1136/bmjopen-2020-040269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33328258&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=35477872
http://dx.doi.org/10.1136/bmjopen-2021-053566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35477872&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31375610
http://dx.doi.org/10.1136/bmjopen-2018-027743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31375610&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(18)32819-8
https://europepmc.org/abstract/MED/21789717
http://dx.doi.org/10.1007/s11606-011-1804-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21789717&dopt=Abstract
http://dx.doi.org/10.1056/nejm199406233302506
http://dx.doi.org/10.1016/0163-8343(86)90072-1
http://dx.doi.org/10.1001/jama.283.13.1715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10755498&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32051165&dopt=Abstract
https://data.parliament.uk/DepositedPapers/Files/DEP2012-1694/HL3309-LibDoc.pdf
https://data.parliament.uk/DepositedPapers/Files/DEP2012-1694/HL3309-LibDoc.pdf
https://dx.plos.org/10.1371/journal.pone.0251362
http://dx.doi.org/10.1371/journal.pone.0251362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33970946&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=24231457
http://dx.doi.org/10.1136/bmjopen-2013-003451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24231457&dopt=Abstract
https://www.jmir.org/2022/6/e37209/
http://dx.doi.org/10.2196/37209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35749166&dopt=Abstract
https://mdujournal.themdu.com/issue-archive/issue-4/playing-it-safe---safety-netting-advice
https://mdujournal.themdu.com/issue-archive/issue-4/playing-it-safe---safety-netting-advice
https://formative.jmir.org/2019/4/e13863/
http://dx.doi.org/10.2196/13863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31663858&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


students. Arthritis Res Ther 2021 Sep 06;23(1):233 [FREE Full text] [doi: 10.1186/s13075-021-02616-6] [Medline:
34488887]

27. Shah SS, Gvozdanovic A. Digital health; what do we mean by clinical validation? Expert Rev Med Devices 2021 Dec
12;18(sup1):5-8. [doi: 10.1080/17434440.2021.2012447] [Medline: 34845960]

28. Mills B, Hill M, Buck J, Walter E, Howard K, Raisinger A, et al. What constitutes an emergency ambulance call? Australas
J Paramedicine 2019 Mar 22;16. [doi: 10.33151/ajp.16.626]

29. Schmieding ML, Mörgeli R, Schmieding MAL, Feufel MA, Balzer F. Benchmarking triage capability of symptom checkers
against that of medical laypersons: survey study. J Med Internet Res 2021 Mar 10;23(3):e24475. [doi: 10.2196/24475]

30. Knitza J, Mohn J, Bergmann C, Kampylafka E, Hagen M, Bohr D, et al. Accuracy, patient-perceived usability, and acceptance
of two symptom checkers (Ada and Rheport) in rheumatology: interim results from a randomized controlled crossover trial.
Arthritis Res Ther 2021 Apr 13;23(1):112 [FREE Full text] [doi: 10.1186/s13075-021-02498-8] [Medline: 33849654]

31. Hennemann S, Kuhn S, Witthöft M, Jungmann SM. Diagnostic performance of an app-based symptom checker in mental
disorders: comparative study in psychotherapy outpatients. JMIR Ment Health 2022 Jan 31;9(1):e32832 [FREE Full text]
[doi: 10.2196/32832] [Medline: 35099395]

32. Moreno Barriga E, Pueyo Ferrer I, Sánchez Sánchez M, Martín Baranera M, Masip Utset J. [A new artificial intelligence
tool for assessing symptoms in patients seeking emergency department care: the Mediktor application]. Emergencias
2017;29(6):391-396 [FREE Full text] [Medline: 29188913]

33. Miller S, Gilbert S, Virani V, Wicks P. Patients' utilization and perception of an artificial intelligence-based symptom
assessment and advice technology in a British primary care waiting room: exploratory pilot study. JMIR Hum Factors 2020
Jul 10;7(3):e19713 [FREE Full text] [doi: 10.2196/19713] [Medline: 32540836]

Abbreviations
FG-AI4H: Focus Group on Artificial Intelligence for Health
GP: General Practitioner
NHS: National Health Service
NICE: National institute for Health and Care Excellence
OSC: online symptom checker

Edited by T Leung; submitted 19.02.22; peer-reviewed by J Knitza, M Schmieding, M Hill; comments to author 03.05.22; revised
version received 15.09.22; accepted 11.10.22; published 26.10.22.

Please cite as:
Painter A, Hayhoe B, Riboli-Sasco E, El-Osta A
Online Symptom Checkers: Recommendations for a Vignette-Based Clinical Evaluation Standard
J Med Internet Res 2022;24(10):e37408
URL: https://www.jmir.org/2022/10/e37408 
doi:10.2196/37408
PMID:36287594

©Annabelle Painter, Benedict Hayhoe, Eva Riboli-Sasco, Austen El-Osta. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 26.10.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37408 | p.303https://www.jmir.org/2022/10/e37408
(page number not for citation purposes)

Painter et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-021-02616-6
http://dx.doi.org/10.1186/s13075-021-02616-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34488887&dopt=Abstract
http://dx.doi.org/10.1080/17434440.2021.2012447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34845960&dopt=Abstract
http://dx.doi.org/10.33151/ajp.16.626
http://dx.doi.org/10.2196/24475
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-021-02498-8
http://dx.doi.org/10.1186/s13075-021-02498-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33849654&dopt=Abstract
https://mental.jmir.org/2022/1/e32832/
http://dx.doi.org/10.2196/32832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35099395&dopt=Abstract
http://emergencias.portalsemes.org/descargar/experiencia-de-mediktor-un-nuevo-evaluador-de-sntomas-basado-en-inteligencia-artificial-para-pacientes-atendidos-en-el-servicio-de-urgencias/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29188913&dopt=Abstract
https://humanfactors.jmir.org/2020/3/e19713/
http://dx.doi.org/10.2196/19713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32540836&dopt=Abstract
https://www.jmir.org/2022/10/e37408
http://dx.doi.org/10.2196/37408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36287594&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Viewpoint

Technical, Ethical, Legal, and Societal Challenges With Digital
Twin Systems for the Management of Chronic Diseases in Children
and Young People

David Drummond1,2,3, MD, PhD; Adrien Coulet2,4, PhD
1Department of Paediatric Pulmonology and Allergology, University Hospital Necker-Enfants Malades, AP-HP, Paris, France
2Heka Team, Centre de Recherche des Cordeliers, Inserm, Université Paris Cité, Paris, France
3Centre for Health Informatics, University of Manchester, Manchester, United Kingdom
4Inria Paris Research Centre, Paris, France

Corresponding Author:
David Drummond, MD, PhD
Department of Paediatric Pulmonology and Allergology
University Hospital Necker-Enfants Malades, AP-HP
149 rue de Sèvres
Paris, 75015
France
Phone: 33 144494848
Email: david.drummond@aphp.fr

Abstract

Advances in digital medicine now make it possible to use digital twin systems (DTS), which combine (1) extensive patient
monitoring through the use of multiple sensors and (2) personalized adaptation of patient care through the use of software. After
the artificial pancreas system already operational in children with type 1 diabetes, new DTS could be developed for real-time
monitoring and management of children with chronic diseases. Just as providing care for children is a specific
discipline—pediatrics—because of their particular characteristics and needs, providing digital care for children also presents
particular challenges. This article reviews the technical challenges, mainly related to the problem of data collection in children;
the ethical challenges, including the need to preserve the child's place in their care when using DTS; the legal challenges and the
dual need to guarantee the safety of DTS for children and to ensure their access to DTS; and the societal challenges, including
the needs to maintain human contact and trust between the child and the pediatrician and to limit DTS to specific uses to avoid
contributing to a surveillance society and, at another level, to climate change.

(J Med Internet Res 2022;24(10):e39698)   doi:10.2196/39698
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Introduction

Throughout history, the practice of medicine has been constantly
impacted by technological advances and societal developments.
The first 2 industrial revolutions led to the development of new
techniques for obtaining new information about the human body,
resulting in the industrial collection of objective and quantitative
data in the 20th century, including sensor-based physiological
(eg, heart rate, oxygen saturation), biological, imaging,
functional test, and increasingly “omics” (eg, genomics,
proteomics) data [1]. From the 1970s onwards, the third

industrial revolution, also known as the digital revolution,
transformed this analogue data into digital data with 2
consequences in the first half of the 21st century: (1) the
multiplication of computer models using artificial intelligence
(AI) techniques to process patients’ health data and propose a
diagnosis, establish a prognosis, and recommend a treatment
[1,2] and (2) the possibility of obtaining, using the internet of
things (IoT), a comprehensive representation of the patient's
health status in real time (ie, a live digital replica of the patient,
more commonly known as a “digital twin” [DT]) [3,4]. The
combination of AI in DTs could lead to digital twin systems
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(DTS), in which patients are constantly monitored from their
homes and AI techniques adapt their care in real time.

DTS comprise a physical element—the patient—a cyber
element—the patient's DT—and 2-way interactions between
the physical and cyber elements: Sensors transform the patient's
signal into the patient’s DT, and software processes them to act
through recommendations to the physician or automated
adaptations on the patient's management [2] (Figure 1A). As
the human body is extremely complex and its various
mechanisms incompletely understood, it is currently not possible
to perform a DTS of the whole human body. However, DTS of
a function or an organ have gradually appeared. From the 1980s
onwards, the first implantable cardioverter-defibrillators
appeared: They collect the patient's heart rhythm in real time
and, in the event of arrhythmia, automatically deliver an electric
shock to restore a normal rhythm (Figure 1B). Such systems
can be considered “pre-DTs” in that they originally measured
only one parameter (heart rhythm) and the delivery of the
electric shock was based on if-else algorithms. With a higher
level of complexity, artificial pancreas systems, which combine
blood glucose monitors, a virtual representation of the patient's
physiology (interactions between measured blood glucose,
physical activity, and diet), and actuators (delivery of the
predicted optimal insulin dose via the insulin pump), have been
developed for children with type 1 diabetes since the 2010s

(Figure 1C). These artificial pancreas systems have been shown
to improve clinical outcomes and quality of life for patients [5].
In the near future, it is likely that such systems will multiply
for other chronic diseases in children, with an even higher degree
of complexity. For example, in asthma, the most common
chronic disease in children, it is necessary to take into account
the multiple determinants of asthma symptoms, including
treatment use (emergency and controller treatment) and the
environment (eg, pollutants, allergens, weather conditions), to
develop different computer models recommending the most
appropriate controller treatment in real-time to health care
professionals, the most appropriate mitigation measures in case
of a high risk of asthma symptoms to families, and a way to
involve children and families so that the recommendations made
are followed at home. New connected objects (eg, connected
inhalers, home spirometers, air quality trackers, smartwatches)
and machine learning techniques now make it possible for such
DTS to emerge in childhood asthma [6].

The challenges associated with the use of DTS have already
been discussed [7-10]. However, just as providing care for CYP
is a specific discipline—pediatrics—because of their particular
characteristics and needs, providing digital care for CYP also
presents particular challenges. Thus, the objective of this article
was to review the technical, ethical, legal, and societal
challenges associated with DTS for CYP.
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Figure 1. Digital twin systems (DTS) for children and young people with chronic diseases: (A) sensors transform the child's "physical" information
into "cyber" or digital data to adapt care, either by a health care professional or autonomously; (B) first example of DTS in childhood, which analyzes
the heart rhythm in real time and autonomously delivers electric shocks; (C) more complex DTS, associating continuous monitoring of blood glucose,
software adapting the insulin dose, and an insulin pump to deliver this dose; (D) may emerge in the near future for childhood diseases, such as asthma,
requiring monitoring of many different determinants, machine learning techniques, and provision of recommendations to different actors (eg, children
and their parents, teachers, and health care professionals).

Technical Challenges

The first requirement of digital medicine is digital data.
However, both accessing and processing digital data are more
complex for CYP than for adults.

DTS Without Smartphones
Smartphones have a central role in digital health by enabling
(1) data collection through built-in functions (eg, GPS for
geolocation) and interfaces for patient-reported outcome
measures, (2) connection to the IoT via a Bluetooth connection,
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and (3) patient feedback. In the best-equipped countries,
smartphone ownership is limited to 25%, 50%, and 75% of
children aged 8 years to 9 years, 10 years to 11 years, and 12
years to 13 years, respectively, complicating the use of digital
health interventions for the remote management of children’s
diseases [11-14]. Furthermore, it is not intended to promote
better smartphone equipment among CYP. In addition to the
negative effects of screen time on children's cognitive and
socioemotional development, smartphone addiction affects 1
in 4 CYP [15,16]. Thus, even if the DTS interfaces presented
on smartphones do not pose an addiction problem, since they
will be limited to supporting children in the daily management
of their disease, providing a smartphone to children on this
occasion could have negative effects on their development due
to the other uses they would make of it (eg, games, social
media). It is therefore preferable to use specific standalone
devices to link the different connected objects as has been done
for artificial pancreas systems. In the case of childhood asthma,
a smartwatch that would both collect data relevant to monitoring
the child's asthma control status (heart rate, oxygen saturation,
activity) and provide appropriate and timely recommendations
on its screen without allowing other types of internet access
would be an interesting solution.

Designing Devices for Growing CYP
All parents have experienced the recurrent changes in size of
clothing and shoes as children grow. A child's height doubles
in the first 4 years, from an average of 50 cm to 100 cm, and
then increases again by at least 1.5 times over the next 15 years.
Similarly, a child's abilities develop impressively, from the
infant who does not yet walk and talk to the adolescent capable
of the most extreme sports and complex reasoning. Finally, in
the medical field, physiological values vary constantly with the
age of the child (eg, a heart rate of 50 bpm is normal for a
teenager but abnormally low for an infant), as do the expected
results of additional tests. This complicates the task for
manufacturers of connected devices who need to provide
different model sizes, develop appropriate interfaces for children
and adolescents of different ages, and adapt the standards for
physiological parameters according to the age of the child. These
adaptations are not without risk: In the field of cardiac medical
devices, an attempt to miniaturize an implantable cardioverter
defibrillator resulted in a higher risk of failure in young patients
[17]. In the case of an asthma DTS providing recommendations
for children, we shall ensure that the recommendations given
are age-appropriate, using oral instructions for a 6- or 7-year-old
rather than text messages, which would be appropriate for
teenagers.

Protecting Children From Devices
The use of connected objects to collect data from children poses
particular risks. Similar to a toy with a defective design, children
may choke on, or simply ingest, small parts that may come off
the object; they can also be exposed to chemicals that are
carcinogenic or mutagenic or to endocrine-disrupting substances.
Thus, devices intended to collect data from children’s bodies
must be manufactured taking into account the additional risks
they may pose to children, which is another challenge compared
with manufacturing devices for adults.

Protecting Devices From Children
In the other direction, children pose specific risks to the
connected objects. In the same way that children regularly come
home having lost or broken their glasses, connected objects are
more likely to be lost or broken when used with children than
with adults. This is the consequence of their age-related
activities but also of a less cautious attitude toward their personal
belongings. For example, connected inhalers that automatically
record children's use of asthma medication were reported lost
or damaged by up to 50% of families [18,19].

Developing Models for CYP
CYP pose particular problems when it comes to creating models
with traditional supervised approaches from real-world data.
The amount of data available is lower, due to the young age of
patients (less historical data), logistical and legal difficulties in
obtaining the data, and the lower prevalence of diseases in
children than in adults in high-income countries [20].
Furthermore, the heterogeneity of the pediatric population is
such that it is unsound to learn a single model and necessary to
split data in several subgroups. This leads to smaller data sets,
which makes it more difficult to obtain performant models for
CYP. Fine-tuning models developed for adults may be an option
to overcome these limitations, but to our knowledge, it has not
yet been applied to create pediatric models.

Ethical Challenges

The main ethical question related to the use of digital health in
pediatrics is whether the use of DTS is in the best interests of
the child. The notion of “best interests of the child” is derived
from Article 3 of the United Nations Convention on the Rights
of the Child [21]. This is a deliberately ill-defined concept,
which needs to be assessed on a case-by-case basis, but several
principles that can be used to guide decision-makers have been
provided [22]. In this section, we consider how the adoption of
digital health for CYP may pose a threat to these “best interests”
in light of the 4 principles of biomedical ethics identified by
Beauchamp and Childress [23]: respect for autonomy,
beneficence, non-maleficence, and justice (Figure 2).
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Figure 2. Potential benefits and risks of pediatric digital twin systems (DTS) at the individual level, which require a specific premarket assessment
that takes into account not only the health impacts but also the impact of DTS on the child’s physical, mental, or social development. AI: artificial
intelligence; PROM: patient-reported outcome measure.

Preserving the Development of Autonomy
Autonomy means being governed by oneself, in thought and
action [24]. As the principle of autonomy cannot be applied as
such to children, who are inherently dependent on adults to meet
their needs, it was proposed instead to protect the development
of the child's autonomy [25]. Pediatricians encourage the
development of autonomy in children with diseases by
encouraging them to describe their symptoms themselves and
by supporting them in taking responsibility for their own care.

Preserving Children's Participation in Describing Their
Symptoms
Pediatricians encourage children to talk about their symptoms
themselves to recognize their place as individuals in the
consultation but also because their statements are frequently
more accurate than those of their parents [26]. A first risk of
DTS is that they do not take into account patient-reported
outcome measures from children. Indeed, although it is possible
for pediatricians to detect when a child is hesitant in their
response or gives a fanciful answer, the direct entry of data by
the child into a digital collection system does not allow this
assessment. In addition, if the child enters incorrect information,
the DTS is likely to provide an incorrect and potentially
dangerous action or answer for the child's health. In this context,
developers may choose not to include the answers entered by
children or ask parents to validate all entries. In both cases, this
would be a step backwards in pediatric practice to a time when
the child's voice was not taken into account. A second risk of
DTS may arise if there is a discrepancy between the child's
reported symptoms and the DTS assessment. In this case, adults
may tend to believe the DTS rather than the child. Indeed,
between 2 contradictory pieces of information, one given by a
human and the other by a computer system, humans tend to
believe the information given by the computer system [27]. For
example, in medicine, clinicians override their own correct

decisions in favor of incorrect advice from a decision support
system in 6%-11% of cases.[28]. Since children may be
perceived as having little credibility [29], this automation bias
is likely to be exacerbated in this situation, with the DTS
becoming the reference point for adults on the child's condition.
For example, consider the case of an 8-year-old asthmatic boy
who calls his parents at work to tell them that he is starting to
have trouble breathing. The parents check the child's DT status
on a dedicated mobile app, note that the risk of an asthma attack
is very low, and explain to their child that no, he is not having
an asthma attack. How will this child react to the fact that the
symptoms he is reporting are not being heard, regardless of the
reality or not of the asthma attack? One possibility is that he
will lose confidence in himself and his feelings, as a computer
system would be more trusted by his parents than his own word.

Preserving Children's Empowerment in Their Daily Care
Currently, CYP gradually become responsible for the day-to-day
management of their disease, in agreement with their parents
and pediatricians. This process can be delayed if DTS are
complex to use, whether the complexity is due to the hardware
or software components of the DTS. Conversely, DTS can also
increase children's autonomy in managing their daily care if
they rely on easy-to-use devices and software: In the case of
type 1 diabetes, most CYP and parents reported greater control
and autonomy in managing their diabetes with insulin pumps
after an initial learning period than with injections [30].

Beneficence
Beneficence refers to the responsibility of professionals to
promote the well-being of their patients [31]. It is clear that,
before being used in children, DTS must be evaluated for both
efficacy and safety through appropriate clinical studies.
However, DTS may also pose particular threats to young people
and their development.
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Preserving the Need for Children to Engage in Play and
Recreational Activities
By improving their health, DTS are expected to enable children
to participate more in play and recreational activities. However,
DTS can also prevent children from playing or participating in
certain sports: Children using the artificial pancreas system for
their type 1 diabetes have reported difficulties when playing
sports due to the tendency of the insulin pump to fall [30]. Using
a smartwatch for children with asthma may also prevent them
from swimming if it has not been anticipated that the device
should be waterproof. The right of the child to engage in play
and recreational activities appropriate to his or her age is
enshrined in the UN Convention on the Rights of the Child (Art.
31), and DTS shall not require children to behave like adults.

Preserving Children’s Mental Well-being
Children need to be protected from chronic stress in order to be
in the best condition to develop their ability to control their
emotions, focus on tasks, and form healthy social relationships
[32,33]. DTS can help to reduce this chronic stress through
better control of the disease and delegation of decision-making.
However, there is a risk that they place the child under
continuous pressure. At present, a child with asthma may feel
stressed when approaching a doctor's appointment because he
knows that he has not taken his medication properly and that
his pediatrician is going to re-explain the importance of it.
However, in between visits, he is not being monitored and
therefore not under the stress of being held accountable. For
example, children with asthma may feel under constant pressure
with the continuous monitoring introduced by connected inhalers
to track their adherence and the associated alerts to their
physician if they forget to take their medication [19]. The
preservation of the child's physical health must be balanced
with their mental well-being.

Preserving Children’s Social Development
Children need to interact with their peers, including forming
strong friendships, to develop their social skills [34]. Again,
DTS can protect these peer interactions by improving the health
of CYP and promoting school attendance and participation in
various activities. However, DTS can also impair the social life
of CYP in 2 ways. First, the complexity of DTS may prevent
parents from leaving their child with other adults. In the case
of type 1 diabetes, the complexity of the artificial pancreas
system and difficulty of explaining how it works were perceived
by parents as barriers to leaving children with other people, for
example to spend a night at a friend’s house [30]. Second, CYP
who have to wear their DTS device on their body feel different
from others, which may prevent them from reaching out to
others. Adolescent girls with type 1 diabetes expressed how the
insulin pump could make them feel different about their bodies
and how they tried to hide it for fear of not being accepted by
their peers [35]. Similarly, children with a smartwatch or
wearable air quality tracker to continuously monitor their asthma
could be singled out by their peers.

Justice
The principle of justice refers to the delivery of equal treatment
and care according to the particular patient’s needs, as well as

just allocation of available resources [36]. Providing appropriate
care for each child according to their needs is all the more
important as poor child health limits the potential and
development of children, leading to reduced health and life
chances in adulthood [37,38]. Yet, the main risk of DTS is that
it exacerbates inequalities in health care for children. First,
disadvantaged families may not be able to afford DTS, thereby
excluding their children from the most effective (if proven)
treatment strategies. Second, families with low levels of digital
literacy may find it more difficult to use DTS, resulting in less
effective treatment adaptations. The third risk is that of
self-exclusion of disadvantaged families. Several studies found
that lower levels of education, lower levels of employment, and
lower household income are associated with negative views and
reluctance to participate in research programs involving AI
[39-42], raising the risk that algorithms will be trained on data
from advantaged families and optimized for these populations.
However, DTS can also contribute to reducing inequalities in
children's care; for example, by standardizing the care of
children and bypassing the doctor for certain decisions, children
from disadvantaged families, living in remote areas or with
out-of-date doctors, can receive the same care with DTS as
children living in privileged areas. For example, the use of
connected inhalers that automatically send alerts to health care
professionals in case of an asthma attack has been shown to
particularly improve the care of the most disadvantaged children
[19].

In conclusion, ethical dilemmas can arise in many ways when
developing a DTS for CYP, given the need to preserve the health
of the child; preserve their physical, mental, and social
development; and be anticipated.

Legal Challenges

As stated by the policy guidance on AI for children from the
United Nations International Children's Emergency Fund,
children need protection from AI (do no harm) and provision
of effective AI systems (do good) [43]. In health, this translates
to the need to protect them from the risks posed by DTS and to
ensure that children are offered DTS to improve their health.

Protecting Children From Specific Risks: Do No Harm
Children need special protection from DTS risks for 2 reasons:
They have special characteristics that expose them to greater
or potentially different risks in comparison with adults, and they
are developing beings who may face dramatic consequences
for the rest of their lives if their health is adversely affected.
Because of these specificities, the approval of a drug for children
is subject to a specific process in the United States and European
Union. Sponsors are required to provide a pediatric study plan
to the Food and Drug Administration (FDA) in the United States
or its equivalent pediatric investigation plan to the European
Medicines Agency (EMA), which are reviewed by specific
committees taking in account pediatric considerations: the FDA's
Pediatric Review Committee in the United States and the EMA's
Paediatric Committee in the European Union [44].

DTS are not subject to this regulation. Under the current
regimes, they are considered medical devices and not medicines.
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The regulation of medical devices, although recently
strengthened in the European Union by the regulation 2017/745
[45], is not as strict as that of medicines from a pediatric
perspective [46]. In the United States, the FDA has issued
specific guidance for the development of pediatric medical
devices [47], but there is no dedicated pediatric committee to
assess how these devices are evaluated or adapted for children
as there is for medicines and as advocated by the American
Academy of Pediatrics [48]. In the European Union, the
regulation is limited to stating that the presence of carcinogenic,
mutagenic, reprotoxic, or endocrine-disrupting substances must
be justified for devices intended for children [45]. Because
medical devices are no less risky than medicines, it is important
that a similar pathway with pediatric investigation and study
plans, reviewed by specialized pediatric committees, is
established by the legislators for the approval of pediatric DTS.

Ensuring CYPs Are Provided With Appropriate DTS:
Do Good
If legislators must protect children from the risks that a DTS
could pose, they must also protect children from the risk of not
having access to DTS that could improve their health. Industry
has consistently been less interested in developing drugs for
children because of the small number of children affected,
increased regulatory constraints, and difficulty of conducting
clinical trials in this population, and this trend continues with
medical devices including DTS [49-52]. As an example, if
multiple algorithms have been used by manufacturers of
implantable cardioverter-defibrillators to correctly diagnose
atrial and ventricular arrhythmias, these have not been tested

in children [17]. For drugs, the situation improved with the
introduction of regulations in the European Union and the United
States with 2 objectives: (1) to compel pharmaceutical
companies to include studies with pediatric populations if the
disease or condition for which the drug is indicated occurs in
children and (2) to encourage these same companies to carry
out these studies by providing a financial incentive in the form
of an extension of intellectual property rights [49]. However,
such schemes do not exist for medical devices. In the United
States, the FDA has launched a series of initiatives to encourage
manufacturers to develop pediatric medical devices, with some
results [53]. Such initiatives are awaited in Europe.

In conclusion, the risk is that, in the absence of legislative
constraints or incentives, market forces will continue to widen
the gap between the quantity and quality of DTS developed for
adults and children.

Societal Challenges

DTS in pediatrics is currently limited to a few indications
(automated adaptation of insulin doses by artificial pancreas in
type 1 diabetes, automated detection and treatment of arrythmia
by implantable cardioverter-defibrillators), and pediatricians
prescribing DTS are unlikely to feel they are participating in
societal change. However, in combination with other digital
transformations in society, DTS are likely to lead to profound
changes in our lifestyles with important consequences on
children. Apart from the risk of exacerbating social inequalities
already detailed, DTS can contribute to several societal
challenges (Figure 3).

Figure 3. Risks of pediatric digital twin systems (DTS) at the societal level.
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Preserving Human Contact in Care
If most medical decisions are made autonomously and remotely
by DTS, this would result in fewer in-person visits to
pediatricians, in line with a more general trend of reduced
face-to-face interactions in society [54]. The risk of
dehumanization associated with DTS may be a greater problem
for pediatricians, who made the choice of a particularly
“people-oriented” specialty, in contrast to “technology-oriented”
specialties (eg, anesthesiology, radiology) [55]. The risk is that
an increasingly technological approach to child health care,
combined with a reduction in face-to-face interactions, will lead
many to a loss of meaning in practice and to burnout. This may
result in a gradual replacement of these doctors by professionals
proficient with information technology but less skilled in human
relations.

Preserving Trust
The use of DTS in pediatrics may contribute to a growing
distrust of pediatricians. The digitalization of the world, whether
through access to medical information on the Internet or
conspiracy groups on social networks, has already increased
parents' distrust of their pediatricians [56,57]. Families may
have less confidence in their pediatrician if they feel that the
latter is clearly not mastering the DTS or if the recommendations
made by the DTS and the pediatrician differ. In the latter case,
explainable models would help the pediatrician to justify
disagreement with the DTS and maintain trust. An additional
difficulty is that most DTS will aim to prevent a complication
or exacerbation from occurring and therefore act while the
patient has few or no symptoms. The positive effect of DTS
will therefore be less perceptible (absence of an uncertain event)
than an exceptional side effect highlighted in social networks.
For example, a DTS for childhood asthma may prevent
thousands of asthma attacks by providing appropriate
recommendations to families when the risk of an asthma attack
is predicted for the coming week but be blamed for an
undetected severe asthma attack. Finally, pediatricians are
perceived to be acting in the best interests of the child, whereas
this may not be the case for the companies behind DTS,
increasing mistrust [58].

Preventing Children From Growing Up in a
Surveillance Society
The use of DTS requires the collection of a large amount of
data, which are increasingly being collected continuously from
the child's home or even body. This constant monitoring of
children to ensure their safety is a general trend in our societies,
in the same way that the proliferation of surveillance cameras
was intended to ensure the safety of the population. It can lead
to a surveillance society where everyone watches each other,
with children being a main target because of their vulnerability.
Parents could demand to monitor their children at all times for
their safety, since the data are already available, being
continuously collected for health purposes. Pediatricians may
also ask to use indirect information about parents' behavior
collected from the home devices of the child to monitor the risk
of child abuse. If such a surveillance society was to emerge,
children would grow up in an optimized state of physical health
but would probably be more anxious, dependent, and

conventional in adulthood, unable to make decisions on their
own values [59,60]. Again, legislation implemented by each
society will be crucial in ensuring that the best interest of the
child is taken into account, at both the individual and societal
levels.

Preserving the Environment
Climate change is one of the major challenges of our century.
Young people understand this and are actively campaigning for
policies to reduce carbon emissions [61]. CYP are indeed the
first to be affected by the consequences of global warming: not
only will children born today live in a world with a temperature
4 degrees higher than the pre-industrial era but the effects of
global warming on health are much more significant for children
than for adults [62]. For example, with regard to the
development of diseases favored by global warming, 93% fall
upon children [63].

Among the sectors responsible for greenhouse gas emissions,
the digital sector is growing in importance every year, increasing
in the contribution to global emissions from 2.5% to 3.7%
between 2013 and 2019 [64]. Medical devices are the first part
of the problem. They usually require raw materials such as rare
metals, and most of them are single-use devices with limited
recyclability [65]. The flow and storage of the data generated
by these devices in data centers are another part of the problem.
Currently, data centers account for 1% of total global electricity
demand, with about one-half of this energy being used to cool
servers [66,67]. Finally, it was recently shown that training a
single AI model could generate CO2 emissions equivalent to
those of a passenger making 300 flights between New York and
San Francisco [68]. Thus, even with efforts to reduce electricity
consumption in data centers and to move toward “green AI”
with efficient models, the general use of DTS would generate
a significant amount of greenhouse gas emissions [69].
Conversely, if DTS are effective and improve children's health,
they would reduce the use of health care (eg, travel to hospitals,
hospital admissions) and in turn would reduce the associated
amount of greenhouse gas emissions. Thus, it is currently
essential to carry out studies of the environmental impact of
digital health interventions, in addition to efficacy trials and
medicoeconomic studies, as envisaged by the National Institute
for Health and Care Excellence in the United Kingdom [70].
This will participate in safeguarding the future of children.

Conclusion

The use of DTS for children poses specific challenges at
individual and societal levels (Figure 4).

Since the values at stake are at different levels (preserving the
child's life, preserving the child's quality of life and
development, preserving life in society, preserving the planet),
the ethical approach that seems most appropriate when
developing and evaluating a DTS is that of “value pluralism”
[71]. This approach recognizes many different, equally
fundamental moral values, which may conflict with each other
without a predominant value. Indeed, improving children's
health is as important as ensuring their quality of life and future
development, promoting a society in which they can flourish
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and leaving them with a livable planet. To take into account all
these dimensions, the development of DTS needs to involve
many stakeholders at all stages, from the development phase to
the evaluation phase (Figure 5).

The evaluation of a pediatric DTS must balance the expected
effects on the child's health and its beneficial consequences
(increased autonomy, well-being, socialization) against the risks
posed by the DTS, whether individual (risk of exposure to toxic

substances, stigmatization), societal (contribution to increased
inequalities, surveillance society), or global (climate change).
This specific evaluation should be supported by specific
legislation on pediatric DTS and by incentives by governments
and private foundations to promote children's access to DTS.
Indeed, children should not be deprived of DTS, which, if
effective, could be a real game changer in the management of
their diseases.

Figure 4. Impact of digital twin systems in pediatrics at different levels and links between the different values. Green arrows indicate a positive impact,
and red arrows indicate a negative impact.
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Figure 5. Dimensions of digital twin systems for pediatrics, stakeholders involved, and stakeholders’ roles during the development and evaluation
phases. AI: artificial intelligence; RCT: randomized controlled trial.
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Abstract

Background: Pharmacovigilance using real-world data (RWD), such as multicenter electronic health records (EHRs), yields
massively parallel adverse drug reaction (ADR) signals. However, proper validation of computationally detected ADR signals
is not possible due to the lack of a reference standard for positive and negative associations.

Objective: This study aimed to develop a reference standard for ADR (RS-ADR) to streamline the systematic detection,
assessment, and understanding of almost all drug-ADR associations suggested by RWD analyses.

Methods: We integrated well-known reference sets for drug-ADR pairs, including Side Effect Resource, Observational Medical
Outcomes Partnership, and EU-ADR. We created a pharmacovigilance dictionary using controlled vocabularies and systematically
annotated EHR data. Drug-ADR associations computed from MetaLAB and MetaNurse analyses of multicenter EHRs and
extracted from the Food and Drug Administration Adverse Event Reporting System were integrated as “empirically determined”
positive and negative reference sets by means of cross-validation between institutions.

Results: The RS-ADR consisted of 1344 drugs, 4485 ADRs, and 6,027,840 drug-ADR pairs with positive and negative consensus
votes as pharmacovigilance reference sets. After the curation of the initial version of RS-ADR, novel ADR signals such as
“famotidine–hepatic function abnormal” were detected and reasonably validated by RS-ADR. Although the validation of the
entire reference standard is challenging, especially with this initial version, the reference standard will improve as more RWD
participate in the consensus voting with advanced pharmacovigilance dictionaries and analytic algorithms. One can check if a
drug-ADR pair has been reported by our web-based search interface for RS-ADRs.

Conclusions: RS-ADRs enriched with the pharmacovigilance dictionary, ADR knowledge, and real-world evidence from EHRs
may streamline the systematic detection, evaluation, and causality assessment of computationally detected ADR signals.

(J Med Internet Res 2022;24(10):e35464)   doi:10.2196/35464
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adverse drug reaction; ADR; real-world data; RWD; real-world evidence; RWE; pharmacovigilance; PV; reference standard;
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Introduction

Theories
An increasing number of studies have reported serious
postmarket adverse drug reactions (ADRs) that were not
discovered in Phase III clinical trials. Clinical trials are
inherently limited in reflecting real-world settings where patients
with diverse demographics and comorbidities take a variety of
concurrent medications [1]. Real-world factors such as off-label
medication prescriptions and irregular drug intake increase the
risk of missing ADRs in clinical trials. Clinical trials have
difficulty in identifying ADRs occurring in the real-world
environment, such as delayed ADRs and effects from long-term
drug exposure [2]. ADR-related medical costs for morbidity
and mortality in the United States have been reported to be
greater than US $75 billion per year [3,4]. Hence, the importance
of postmarket drug-safety surveillance cannot be
overemphasized. Drug-safety surveillance plays a role in
managing and preventing potential ADRs and involves a wide
range of activities that includes an entire cycle of collecting,
analyzing, and monitoring related to ADRs. ADR signals exist
in many forms, such as clinical signs, symptoms, diseases, or
deaths. Spontaneous reporting systems, collecting suspected
postmarket ADRs with causality assessments [5], are inherently
biased.

Prior Work
Computational methods for massively parallel detection of
almost all drug-ADR interactions using real-world data (RWD),
such as claims and multicenter electronic health records (EHRs),
are emerging as relatively unbiased approaches [6-16]. However,
validating massively detected ADR signals is challenging due
to the lack of a “gold standard” or established reference set for
all pairwise drug-ADR associations. In addition, determining
a negative association is even more difficult than a positive one.
Even the large, expert-curated reference standard provided by
the major entities are disappointingly inadequate in correctly
evaluating all computationally detected drug-ADR interactions.
A reference standard involves a set of positive cases that are
truly related to ADRs and negative controls that are highly
unlikely to be associated. The reference standard should be
formidable and have variety with multiple drugs and ADRs to
ensure generalizability [17].

Coloma et al [10] developed a reference standard with 44
positive and 50 negative associations. The Observational
Medical Outcomes Partnership (OMOP) presented a
comprehensive compilation of 165 positive and 234 negative
outcomes from their resources [18]. The EU-ADR presented
10 types of events associated with drug use, including 44
positive and 50 negative controls, based on a literature review
[10]. Recently, Observational Health Data Sciences and
Informatics published a knowledge base of 1000 drugs and 100
health outcomes of interest [19]. The Observational Health Data
Sciences and Informatics group developed and tested the
accuracy of an automated reference set to reduce manual
curations [20]. Considering that previous studies [18-21] have
relied mainly on literature and spontaneous reports, the
coordination of evidence from different data sources is needed.

In silico ADR detection using RWD is much faster than
reference standard development relying on expert curations.
RWD analysis can potentially provide a reference standard for
ADR signal evaluation. A systematic application of controlled
vocabularies with rich semantics is essential for in silico
pharmacovigilance (PV) using RWD. The controlled
vocabulary–based ADR signal dictionary (CVAD) integrated
controlled vocabularies with EHR data to improve PV [22]. The
development of CVAD was motivated by previous research on
massively parallel ADR signal detection algorithms using
laboratory results and standard nursing statements, MetaLAB
and MetaNurse [23]. Given the limited numbers of positive and
negative reference sets, the correct validation of positive and
negative drug-ADR associations among 101 precautionary drugs
by thousands of ADR signals is challenging. A comprehensive
reference standard is required for drug-ADR pairs, equipped
with standard vocabulary annotations, in the emerging era of
RWD and real-world evidence (RWE).

For prevention and management in PV, a strategy for integrating
multiple data sources is preferred. Wei et al [24,25] combined
RxNorm, Side Effect Resource (SIDER), MedlinePlus, and
Wikipedia to compose a medication indication resource (MEDI).
Gottesman et al [26] developed the Electronic Medical Records
and Genomics network that advanced clinical informatics,
genome science, and community consultation as a first step
toward incorporating genomic information into routine health
care delivery. Additionally, national-level projects are being
carried out in several countries, or related research authorized,
due to the need for a data-driven approach.

Goal of This Study
A key challenge in drug-safety surveillance, regardless of data
source, is that publicly available, reliable, and sufficiently large
reference standards are needed. Although no definitive reference
standard contains a complete set of ADRs, we intended to
aggregate information from multiple data sources to constitute
a set. In this study, we developed a reference standard for ADR
(RS-ADR) for the comprehensive, efficient, and pragmatic
evaluation of computationally detected massive ADR signals
from RWD. RS-ADR integrates EHR term–related standard
ADR terminologies, including those from the Medical
Dictionary for Regulatory Activities (MedDRA) preferred terms
(PTs), WHO Adverse Reactions Terminology (WHO-ART),
Logical Observation Identifiers Names and Codes (LOINC),
and International Classification of Diseases 10th Revision
(ICD-10). We created the RS-ADR by aggregating massively
parallel results of RWD and cross-validations for the positive
and negative cases extracted from a multitude of health care
organizations. Other PV resources, including OMOP and
EU-ADR reference standards, the US Food and Drug
Administration (FDA) Adverse Event Reporting System
(FAERS) [27], and SIDER 4.1, were used as reference sets and
augmented with controlled PV vocabularies to improve
systematic causality assessments of drug-ADR associations.
We tried to analyze and compare previously published reference
sets, significantly increasing the number of cases, and developed
RS-ADR by focusing on terminology standardization.
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Methods

Development of Reference Sets for ADR Signal
Evaluation
Given the lack of a “gold standard” to evaluate true and false
ADR signals detected from PV studies, many researchers have
attempted to compose ad hoc “gold standard” sets. Table 1

summarizes the different characteristics of the proposed “gold
standard” sets by data source, number of drugs and ADRs,
numbers of drug-ADR pairs, true positive and negative cases,
controlled vocabularies, and evidence. The main objective of
these studies in creating these reference standards was to
evaluate the performance of the proposed algorithms. ADR
signals were mainly defined by laboratory test results and
clinical events, such as symptoms.

Table 1. Reference sets created and used by pharmacovigilance methodological studies.

VocabularyADRsaDrugs, nData sourceReference set

Negative cases, nPositive cases, nDrug-ADR pairs, nADRs, n

ATCc, MedDRAd,

WHO-ARTe,

LOINCf, and ICDg

2330141,7296,027,84044851344Laboratory test and
event (symptom)

RS-ADRb

RxNorm, and
MedDRA

75621373844Event (symptom)Harpaz et al [13],
2012

None——h5105110Laboratory testYoon et al [14], 2012

None——378429Laboratory testLiu et al [15], 2013

MedDRA165281931278Event (symptom)LePendu et al [16],
2013

MedDRA—532——267Event (symptom)Alvarez et al [28],
2010

MedDRA—6207——35Event (symptom)Hochberg et al [29],
2009

None44990910Event (symptom)Ryan et al [30], 2012

(OMOPi version 1)

None2341653984191Event (symptom)Ryan et al [18], 2013
(OMOP version 2)

None5043941066Event (symptom)Coloma et al [10],
2013 (EU-ADR)

ATC, RxNorm,
and ICD

——100,0001001000Event (symptom)Boyce et al [19], 2014

(OHDSIj knowledge
base)

aADR: adverse drug reaction.
bRS-ADR: reference standard for adverse drug reaction.
cATC: Anatomical Therapeutic Chemical.
dMedDRA: Medical Dictionary for Regulatory Activities.
eWHO-ART: World Health Organization Adverse Reactions Terminology.
fLOINC: Logical Observation Identifiers Names and Codes.
gICD: International Classification of Diseases.
hNot available.
iOMOP: Observational Medical Outcomes Partnership.
jOHDSI: Observational Health Data Sciences and Informatics.

The practical databases used in the study for constructing
RS-ADRs were SIDER 4.1, OMOP, and EU-ADR. SIDER 4.1
contains the numbers of drugs, ADRs, drug-ADR pairs, and
drug frequency entries from various references [31]. In addition,
there are various databases (eg, Sentinel and the National
Patient-Centered Clinical Research Network), but OMOP and
EU-ADR are the most used in all fields of PV and provide an
actual reference set. The researchers manually reviewed related
references and finally selected the databases after being

confirmed by clinicians. The OMOP database derived data from
private contractors in the United States and EU-ADR derived
data from European nationwide registries. Both were used for
the identification of well-known drug associations and
previously unknown signals [32].

A reference standard is essential for the evaluation of analysis
results and systematic accumulation of evidence from
comprehensive PV studies [13-31]. Therefore, we first created
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a reference standard based on the OMOP and EU-ADR projects.
In all, 4 steps were used in the construction of the RS-ADR: (1)
controlled vocabulary annotation, (2) reference set construction,

(3) distributed analysis results, and (4) meta-analysis for
drug-ADR pairs (Figure 1). The role of each part is elaborated
in the following sections.

Figure 1. Flowchart of the construction of the RS-ADR, which uses electronic health record data (clinical narrative, laboratory tests, and disease
classification). ADR: adverse drug reaction; CDM: common data model; DB: database; EHR: electronic health record; FAERS: Food and Drug
Administration Adverse Event Reporting System; HR: hazard ratio; MedDRA: Medical Dictionary for Regulatory Activities; OMOP: Observational
Medical Outcomes Partnership; PT: preferred term; RS-ADR: reference standard for adverse drug reaction.

Part 1: Controlled Vocabulary Annotation
A comprehensive annotation of controlled vocabularies that
encompass disease classifications, laboratory tests, medications,
and clinical narratives enables extensive EHR data exploration.
Laboratory results have been used the most frequently for ADR
signal detection in many studies. CVAD facilitates the use of
a variety of data sources to detect ADR signals [22]. Clinical
narratives such as International Council for Nursing
Practice–based standard nursing statements (SNSs) of Seoul
National University Hospital (SNUH) were mapped to

WHO-ART, laboratory test results from SNUH or Ajou
University Hospital were mapped to LOINC, administrative
terms were mapped to ICD-10, and medications were mapped
to ATC classifications. The mapping schemes involving
narrative, laboratory, or administrative terms have been
described in detail elsewhere [22].

Part 2: Reference Set Construction
OMOP also provides a reference set, which is composed of 165
positive and 234 negative drug-ADR signal pairs, covering 53%
of the 756 (189 × 4) pairs between 189 drugs and 4 ADRs [15].
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The reference set of the EU-ADR project covers 68 drugs and
10 ADRs with 44 positive and 50 negative drug-ADR signal
pairs, covering 13.8% [16]. The reference set prepared by
SIDER 4.1 includes 140,230 positive pairs in MedDRA PTs
for 1344 drugs and 4485 side effects without providing negative
controls [31]. The coverage of SIDER 4.1 for drug-ADR pairs
was 2.3%.

We mapped the 4 ADRs of OMOP and the 10 ADRs of
EU-ADR to 4485 MedDRA terms in SIDER 4.1 using MedDRA
synonyms (Unified Medical Language System Concept ID).
We created a reference standard matrix for 1344 drugs and 4485
ADRs returning 6,027,840 drug-ADR pairs. The value of each
cell of the reference matrix was filled with 0 for negative
controls, 1 for positive controls, and 2 for unknowns. Negative
controls were those known to not cause the outcomes, using
case reports, case series, or observational evidence in OMOP
and EU-ADR. Positive controls were extracted from the product
labels in the US FDA “Black Box Warning” section in SIDER
4.1, OMOP, and EU-ADR (Figure 1).

Part 3: Distributed PV Analysis Results
We benchmarked the analysis data from various institutions for
PV [18] and integrated results from various resources such as
spontaneous reports (ie, FAERS data), claims, and EHR data
for developing RS-ADR. FAERS data from January 2012 to
December 2018 were analyzed [27]. We performed the
MetaNurse and MetaLAB analyses for the entire EHR data sets
of 2 hospitals (SNUH and Konyang University Hospital) for
SNSs and laboratory results using an advanced subject-sampling
strategy for managing drugs, laboratory results, and SNSs. The
detected ADR signals from the 2 EHR data sets were validated
against SIDER 4.1 using 11,817 and 76,457 drug-ADR pairs,
respectively [23]. We explored the relationship between
drug-ADR pairs using spontaneous reports and EHR data. Table
2 shows the consensus template of our validation efforts for the
“fluconazole-hypokalemia” association detected by the
algorithms. Previous studies without annotated, controlled
vocabularies experienced difficulty in evaluating their study
results [33].
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Table 2. Example of RS-ADRa output for the association between “fluconazole” and “hypokalemia.”

ExampleOutput, name

Drug

FluconazoleDrug

J02AC01ATCb code

ADRc

HypokalemiaMedDRAd PTe

Metabolism and nutrition disordersSystem organ class

Part 1

Clinical narrative

HypokalemiaWHO-ARTf

Serum potassium levels under normal | HypokalemiaSNSg terms at SNUHh

“mg/dL,” “not balanced,” and “fluid volume”ICNPi

Laboratory results

2823_3LOINCj ID

Potassium (moles/volume) in serum or plasmaLOINC common name

L3044SNUH laboratory test code

Potassium (serum)SNUH laboratory test name

35AJUHk laboratory test code

PotassiumAJUH laboratory test name

Disease classification

E87.6ICDl code

HypokalemiaICD name

Part 2

Evidence source (0=negative control, 1=positive control, and 2=unknown)

1FDAm product label: SIDERn

2FDA product label and literature: OMOPo

2FDA product label, literature, spontaneous data, and mechanism of action: EU-ADR

Part 3

Data partner: SNUH (EHRp-based MetaNurse)

1.47Hazard ratio

<.001P value

Data partner: SNUH (EHR-based MetaLAB)

3.04Odds ratio

<.001P value

Data partner: KYUHq (EHR-based MetaLAB)

1.58Odds ratio

<.001P value

Data partner: FAERSr

1.83Reporting odds ratio

<.001P value
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ExampleOutput, name

Data partner (N)

—sOdds ratio

—P value

Part 4

Meta-analysis

1.69 (1.60-1.79)Odds ratio (95% CI)

possibleCausality assessment

aRS-ADR: reference standard for adverse drug reaction.
bATC: Anatomical Therapeutic Chemical.
cADR: adverse drug reaction.
dMedDRA: Medical Dictionary for Regulatory Activities.
ePT: preferred term.
fWHO-ART: World Health Organization Adverse Reactions Terminology.
gSNS: standard nursing statement.
hSNUH: Seoul National University Hospital.
iICNP: International Council for Nursing Practice.
jLOINC: Logical Observation Identifiers Names and Codes.
kAJUH: Ajou University Hospital.
lICD: International Classification of Diseases.
mFDA: Food and Drug Administration.
nSIDER: Side Effect Resource.
oOMOP: Observational Medical Outcomes Partnership.
pEHR: electronic health record.
qKYUH: Konyang University Hospital.
rFAERS: Food and Drug Administration Adverse Event Reporting System.
sNot available.

Part 4: Meta-analysis for Drug-ADR Pairs
We evaluated the drug-ADR pairs of the MetaLAB and
MetaNurse analyses from multiple EHRs and compared with
FAERS for causality assessments as follows: certain,
probable/likely, possible, unlikely, or conditional/unclassified
[10]. We applied a random-effects model for the meta-analysis
of many results to manage the heterogeneous data characteristics
of spontaneous reports and EHRs. To assess causality, we
carried out expert reviews by having the experts refer to SIDER
4.1 and other existing references. Subsequently, PV-distributed
analysis results generated by various health care organizations
were collected for a causality assessment of each drug-ADR
pair. With an increasing number of data partners providing study
results, the causality assessment of each drug-ADR pair can be
improved.

Ethical Considerations
This study was approved by the Institutional Review Board of
Konyang University Hospital (IRB no 2019-08-018).

Results

RS-ADR Statistics
The RS-ADR contained 1344 drugs and 4485 ADRs in terms
of MedDRA PTs (Tables 3 and 4). The number of controlled
vocabularies mapped to MedDRA PTs was for 1130 clinical
narratives, 942 laboratory results, and 83 disease classifications.
For positive controls, we found 140,230 drug-ADR pairs from
SIDER 4.1, 1556 from OMOP, and 421 from the EU-ADR
databases. The negative controls were 2801 and 349 drug-ADR
pairs from OMOP and EU-ADR, respectively. ADRs were
examined according to a variety of MedDRA system organ
classes (SOCs) for clinical narratives, laboratory results, and
disease classifications, covering 25, 23, and 16 of the 26
MedDRA SOCs, respectively (Multimedia Appendix 1).
Although previous ADR studies predominantly analyzed
laboratory results, we browsed 1762 integrative ADRs (ie, the
intersection of clinical narrative, laboratory tests, and disease
classification) with RS-ADR.
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Table 3. RS-ADRa statistics.

Value, nStatistic

1344Drugs

ADRsb (MedDRAc preferred term)

4485Total

1130Clinical narrative

942Laboratory tests

83Disease classification

2723Not mapped

6,027,840Drug-ADR pairs (number of drugs × number of ADRs)

aRS-ADR: reference standard for adverse drug reaction.
bADR: adverse drug reaction.
cMedDRA: Medical Dictionary for Regulatory Activities.

Table 4. RS-ADRa statistics in comparison with other reference sets.

EU-ADROMOPcSIDERbStatistic

4211556140,230Positive controls, n

3492801—dNegative controls, n

6,027,0706,023,4835,887,610Unknown drug-ADRe pairs, n

aRS-ADR: reference standard for adverse drug reaction.
bSIDER: Side Effect Resource.
cOMOP: Observational Medical Outcomes Partnership.
dNot available.
eADR: adverse drug reaction.

An Example Application of RS-ADR
The process from part 1 to 4 for RS-ADR construction is briefly
summarized as follows: first, the drugs and ADRs to be targeted;
in part 1, term code confirmation; in part 2, the identification
of contents described in the existing reference set; in part 3,
analysis by data source; and in part 4, causality evaluation
through meta-analysis. Table 2 shows a query result from
RS-ADR for the association between “fluconazole” and
“hypokalemia,” which explains the progress in stages from part
1 to part 4 in order. Part 1 consisted of 3 components: clinical
narratives, laboratory results, and administrative data. Clinical
narratives were annotated with WHO-ART “hypokalemia”;
SNS “serum potassium levels less than normal”; and
International Council for Nursing Practice “mg/dL,” “not
balanced,” and “fluid volume” standard terms. Laboratory results
were mapped to up to 6 tests, including LOINC “potassium
(moles/volume) in serum or plasma.” The RS-ADR also
indicated the direction of the test result to be higher or lower
than the normal range. The administrative term mapped to ADR

hypokalemia was the ICD-10 E87.6 code. Part 2 presented the
evidence source of the drug-ADR association with positive
controls, negative controls, and unknown evidence. Evidence
sources could be FDA product labels, literature, spontaneous
reports, and mechanisms of action. Part 3 designated the partner
health care organizations where the ADR analysis data were
collected. MetaLAB and MetaNurse analyses were included
[23]. Finally, part 4 described how the causality between
drug-ADR occurrence was assessed. A meta-analysis of the
association between “fluconazole” and “hypokalemia” showed
an odds ratio of 1.69 (95% CI, 1.60–1.79). In all, 2 EHRs and
2 spontaneous reporting data sets show the scalability and
availability of the RS-ADR (Figure 2). The usability of RS-ADR
can be enhanced by adding drug-ADR pairs using RWD
analysis. The association between “fluconazole” and
“hypokalemia” was assessed according to the WHO–Uppsala
Monitoring Centre causality categories as “possible,” as this
category included the criteria “event or laboratory test
abnormality” (Table 2) [33].
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Figure 2. Example of the RS-ADR (part 3) for evaluating the association between the drug “fluconazole” and “hypokalemia” by using electronic health
records (EHRs) from 2 hospitals (Seoul National University Hospital [SNUH] and Konyang University Hospital [KYUH]) and Food and Drug
Administration Adverse Event Reporting System (FAERS) data. RS-ADR: reference standard for adverse drug reaction.

Improving Reference Standards Using RWE
Table 5 shows 4 drug-ADR pairs that were previously unknown
in SIDER 4.1, OMOP, and EU-ADR. In this regard, we found
that 2 of the drug-ADR pairs were added to Korean FDA ADR
labels [34], which signals that they might have been determined
as false positives. For example, famotidine was used in
gastrointestinal conditions related to acid secretion (eg, gastric
ulcers) and gastroesophageal reflux disease [35]. The novel
“famotidine–hepatic function abnormal” pair discovered by
RS-ADR was successfully validated by 2 institutional EHRs

and by US FAERS [35]. Moreover, according to the
Micromedex [36] database and a study by Gupta et al [37], we
found that the famotidine–hepatic function abnormal pair had
been documented as a possible ADR. The RWD/RWE
perspective suggests that the novel finding may indeed indicate
a true positive supported by multi-institutional cross-validations.
We performed the same analysis for clozapine and diclofenac
and found reasonable support (with reservations) for the
potential drug-ADR pairs “clozapine–hepatic function
abnormal,” “diclofenac-angioedema,” and “diclofenac–face
edema” (Table 5).

Table 5. RS-ADRa evidence of how significant the drug-ADRb pairs are using the EHRc data of 2 hospitals (Seoul National University Hospital
[SNUH] and Konyang University Hospital [KYUH]) and Food and Drug Administration Adverse Event Reporting System (FAERS) data.

ReferenceRS-ADRADRDrug

FAERSKYUHSNUH

EHR-based MetaLABEHR-based MetaLABEHR-based MetaNurse

P valueORP valueORP valueOReP valueHRd

Gupta et al [37], 2009<.0013.97.0081.11.0032.19<.0011.79Hepatic func-
tion abnormal

Famotidine

Wu Chou et al [38], 2014.851.02——f.011.38.040.55Hepatic func-
tion abnormal

Clozapine

Pise and Padwal [39], 2015<.0015.13————.470.96AngioedemaDiclofenac

Jha et al [40], 2015<.0011.95————.202.38Face edemaDiclofenac

aRS-ADR: reference standard for adverse drug reaction.
bADR: adverse drug reaction.
cEHR: electronic health record.
dHR: hazard ratio.
eOD: odds ratio.
fNot available.
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Web-Based RS-ADR Explorer
To provide a semantically enriched ADR dictionary for
postmarket drug safety research and enable multicenter
EHR-based extensive ADR signal evaluation, we developed a
web-based search interface for RS-ADR to explore drug-ADR
associations [41] (Figure 3). Figure 3 shows the drug-ADR
search functions and the results of a “famotidine–hepatic
function abnormal” query. Users can search for interesting
drug-ADR pairs in combination; each search function adds

similar words using drop-down menus. A button clears the
drug-ADR combinations and results to facilitate searching.
Search results appear in the order of SOC, ADR, drug, additional
information (component identification for drug and Unified
Medical Language System concept ID for ADR), comparison
of reference standards (SIDER, OMOP, and EU-ADR), and
each result of the EHR and FAERS (odds ratio and P value).
Parts 3 and 4 of the RS-ADR have a structure that allows
researchers to add and update their results to improve the
RS-ADR.

Figure 3. User interface for the RS-ADR for exploring the drug-ADR relationship. (A) Drug-ADR search; (B) Example of RS-ADR query: association
between “famotidine” and “hepatic function abnormal.” ADR: adverse drug reaction; CID: component identification; OMOP: Observational Medical
Outcomes Partnership; RS-ADR: reference standard for adverse drug reaction; SIDER: Side Effect Resource; SOC: system organ class; UMLS: Unified
Medical Language System.

Discussion

Principal Findings
In this study, we demonstrated the possibility of creating an
RWD-based RS-ADR. We integrated various standard
vocabularies to facilitate the use of different institutional EHR
databases along with other PV resources, such as SIDER 4.1,
OMOP, and EU-ADR. Integrative analysis of heterogeneous
real-world clinical information requires a standard vocabulary
to correctly interpret study results.

The reference sets of OMOP and EU-ADR [15,16] are difficult
to apply directly in PV research, because they only provide
information about the relationships between the selected drugs
and ADRs. To use these reference sets, each observational
database should be reconstructed and annotated using controlled
vocabularies by the researchers. The RS-ADR approach
facilitates the accumulation of RWD-driven evidence extracted
from various sources, including many EHRs and claims

databases. The scope of detectable ADRs was widely expanded
by RS-ADR using FDA structured product labels and low ADR
concept levels (eg, MedDRA PTs). A low ADR concept level
is most commonly used in the standard terminology system to
explain detailed symptoms such as MedDRA PTs. RS-ADR
complements this limitation by establishing a reference standard
using 1344 drugs and 4485 ADRs. The RS-ADR approach used
in this study is not as biased toward positive findings as other
PV resources but is balanced between positive and negative
drug-ADR associations due to its unbiased computational
approach. Multimedia Appendix 1 shows the distribution of
MedDRA PT–annotated ADRs detected using clinical narratives,
laboratory results, and administrative terms grouped by SOCs.
The SOCs “infections and infestations,” “psychiatric disorders,”
and “eye disorders” exhibit many ADRs that are difficult to
detect from laboratory results only and require clinical
narratives, nursing statements, and administrative terms in the
RS-ADR. The ADRs in “musculoskeletal and connective tissue
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disorders” and “ear and labyrinth disorders” SOCs could only
be found using clinical narratives.

Limitations
Our study has some limitations. SIDER 4.1 provides inadequate
information about postmarket ADRs as it comprises public
documents and package inserts. The 4 ADRs of the OMOP and
10 ADRs of the EU-ADR project may emphasize ADRs of
more frequently or chronically used drugs, which are also
clinically important. The use of integrative ADR references
such as SIDER 4.1, OMOP, and EU-ADR in the RS-ADR
complements the limitations of each resource. Although the
RS-ADR went through interevaluator agreement, expert
evaluation was substantially limited, and continuous review and
updates are required. When integrated with multicenter and
multinational data, RS-ADR becomes a meaningful RWE-based
reference standard for evaluating ADR signals. Underlying the
use of a reference standard for method evaluation is the
assumption that negative controls are exchangeable with positive
controls [10,18]. Adding drug-ADR pairs from various studies
to the RS-ADR can increase its evidence base and is a topic of
future research. In addition, considering the continuous RS-ADR
update, it is planned to manage the analysis of new drugs and

whether to discontinue the use of existing drugs. For national
use, since the Korean Ministry of Food and Drug Safety is
conducting related research (eg, multicenter analysis using
common data model–based EHR, analyzing each drug-ADR
pair), our team will contemplate various utilizations of RS-ADR
for collecting and evaluating the research. Conversely, recent
attempts to study ADRs related to herbal medicines have steadily
increased [42-44], and we consider that it may be possible to
apply RS-ADR construction to the field of herbal medicine in
the future.

Conclusions
RS-ADR enriched with the PV dictionary, knowledge, and RWE
can streamline the systematic detection, evaluation, and causality
assessments of computationally detected ADR signals. Through
RS-ADR, evidence related to ADRs can be prepared as much
as possible before the clinical evaluation stage, and we could
identify more cases based on actual medical center data—RWD.
In addition, since we considered the standardization of terms
for drugs and ADRs, it is highly useful when adding medical
center or other resources in the future. It is applicable not only
to ADR studies but also to a variety of health outcomes and
health care database utilization studies.
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Multimedia Appendix 1
Number of adverse drug reactions in MedDRA preferred terms of the RS-ADR for each system organ class. ADR: adverse drug
reaction; MedDRA: Medical Dictionary for Regulatory Activities; RS-ADR: reference standard for adverse drug reaction.
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Abstract

Background: Financial incentive interventions for improving physical activity have proven to be effective but costly. Deposit
contracts (in which participants pledge their own money) could be an affordable alternative. In addition, deposit contracts may
have superior effects by exploiting the power of loss aversion. Previous research has often operationalized deposit contracts
through loss framing a financial reward (without requiring a deposit) to mimic the feelings of loss involved in a deposit contract.

Objective: This study aimed to disentangle the effects of incurring actual losses (through self-funding a deposit contract) and
loss framing. We investigated whether incentive conditions are more effective than a no-incentive control condition, whether
deposit contracts have a lower uptake than financial rewards, whether deposit contracts are more effective than financial rewards,
and whether loss frames are more effective than gain frames.

Methods: Healthy participants (N=126) with an average age of 22.7 (SD 2.84) years participated in a 20-day physical activity
intervention. They downloaded a smartphone app that provided them with a personalized physical activity goal and either required
a €10 (at the time of writing: €1=US $0.98) deposit up front (which could be lost) or provided €10 as a reward, contingent on
performance. Daily feedback on incentive earnings was provided and framed as either a loss or gain. We used a 2 (incentive type:
deposit or reward) × 2 (feedback frame: gain or loss) between-subjects factorial design with a no-incentive control condition.
Our primary outcome was the number of days participants achieved their goals. The uptake of the intervention was a secondary
outcome.
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Results: Overall, financial incentive conditions (mean 13.10, SD 6.33 days goal achieved) had higher effectiveness than the

control condition (mean 8.00, SD 5.65 days goal achieved; P=.002; ηp2=0.147). Deposit contracts had lower uptake (29/47, 62%)
than rewards (50/50, 100%; P<.001; Cramer V=0.492). Furthermore, 2-way analysis of covariance showed that deposit contracts
(mean 14.88, SD 6.40 days goal achieved) were not significantly more effective than rewards (mean 12.13, SD 6.17 days goal
achieved; P=.17). Unexpectedly, loss frames (mean 10.50, SD 6.22 days goal achieved) were significantly less effective than

gain frames (mean 14.67, SD 5.95 days goal achieved; P=.007; ηp2=0.155).

Conclusions: Financial incentives help increase physical activity, but deposit contracts were not more effective than rewards.
Although self-funded deposit contracts can be offered at low cost, low uptake is an important obstacle to large-scale implementation.
Unexpectedly, loss framing was less effective than gain framing. Therefore, we urge further research on their boundary conditions
before using loss-framed incentives in practice. Because of limited statistical power regarding some research questions, the results
of this study should be interpreted with caution, and future work should be done to confirm these findings.

Trial Registration: Open Science Framework Registries osf.io/34ygt; https://osf.io/34ygt

(J Med Internet Res 2022;24(10):e38339)   doi:10.2196/38339

KEYWORDS

eHealth; behavior change; rewards; reward learning; financial incentives; deposit contracts; commitment contracts; physical
activity; mobile phone

Introduction

Background
Since the beginning of time, humans have been developing tools
and technologies that have made life easier. These technological
advances have led to historically unprecedented levels of
physical inactivity [1]. For example, currently, only 23% of
adults in the United States meet the recommended guidelines
for physical activity [2]. Although physical inactivity is linked
to chronic disease and early death [3], increasing physical
activity reduces the risk of chronic disease, has positive effects
on mental health, and increases longevity [4]. Importantly, the
positive effects of physical activity are observed not only for
intense aerobic training but also for the mere number of steps
taken in daily life [5,6]. Intervening on improving daily step
counts has the advantage of being objectively measurable
(compared with self-reports), low cost (compared with
pharmaceutical treatment), and relatively easy to implement in
daily life (compared with gym-based aerobic training), and as
a result, it is also suitable for deprived, vulnerable, and older
populations worldwide. Therefore, stimulating an increase in
daily step counts appears to be a promising and feasible avenue
to help humanity become healthier and happier and to live
longer.

Although many people are aware of the benefits of physical
activity and have positive intentions to be (more) physically
active, achieving sufficient physical activity in daily life is not
achieved by many [7]. The finding that positive intentions do
not always translate into the desired behavior has been linked
to the intention-behavior gap and has been found in a variety
of (health) behaviors [8], including physical activity [7]. Insights
from behavioral economics help explain the causes of the
intention-behavior gap. A key finding is that people are present
biased [9]. Present bias refers to the tendency of people to be
more strongly driven by consequences in the here and now,
rather than by the long-term consequences of their decisions.
Consequently, people tend to procrastinate. Although differences
among individuals exist, the general pattern found is one

wherein “people grab immediate rewards and avoid immediate
costs in a way our long-run selves do not appreciate” [10].
Present bias has been shown to apply to health behavior in
general [11] and to physical activity specifically [12]. For
example, people with a stronger present bias have lower levels
of physical activity, arguably because they overweight the
short-term and often negative consequences of physical activity
(eg, increased heart rate and sweating) and assign a lower value
(ie, discount) to the long-term positive consequences of physical
activity (eg, longevity) [12]. Present bias, therefore, helps
explain why despite having good intentions to achieve long-term
health goals, people are prone to fall for immediate temptation.

Present bias also helps explain why introducing financial
incentives might be suitable as an intervention strategy for health
behavior change. Offering immediate financial incentives for
healthy behavior takes advantage of the present bias by
introducing a monetary benefit in the here and now. As such,
people no longer have to wait for the delayed rewards of healthy
behavior to emerge but instead are immediately rewarded.
Indeed, meta-analyses and systematic reviews have shown that
financial incentives are an effective tool for promoting (at least
short-term) health behavior changes, such as improving diet
[13], combating substance use [13], increasing physical activity
[14,15], weight loss [13], smoking cessation [15,16], and
increasing vaccination uptake [16]. Financial incentives are
often added as a supplement to already active behavior change
interventions, roughly doubling the odds of successful behavior
change [15]. For physical activity, a recent meta-analysis
(N=6074) on the effectiveness of financial incentives on step
counts showed an average daily increase of approximately 600
steps (10%-15%) during active intervention [14].

Another relevant insight from behavioral economics is that
people are loss averse [17]. This refers to the tendency of
individuals to assign larger weight to potential losses associated
with their behavior than to potential gains. Losses and gains are
defined with respect to a reference point; for example,
individuals’ current status quo, their expectations, or goals [17].
Loss aversion and reference points have been shown to be
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important in health-related decision-making [18] and might lead
to suboptimal decision-making for physical activity if it causes
people to outweigh what they might lose by being physically
active (eg, time and energy) over what they might gain (eg,
satisfaction after a workout). Furthermore, loss aversion is often
used to motivate financial incentive designs that involve
potential losses rather than rewards only [19,20], such as deposit
contracts.

Deposit contracts are a specific form of financial incentive
wherein people deposit their own money and can earn it back
contingent on behavior change [21]. There are several real-world
commercial products (eg, Waybetter [22] and Stickk [23]) with
deposit contracts that have proven to be commercially viable
and claim to help people change their behavior. While rewards
involve the introduction of a pleasant stimulus to increase
behavior (ie, positive reinforcement), deposit contracts involve
the alleviation of an aversive stimulus (avoiding loss of money)
to increase behavior (ie, negative reinforcement) [24]. Deposit
contracts offer several advantages over reward-based incentives.
First, although both rewards and deposit contracts bring an
incentive into the present, a deposit contract brings a risk of
loss into the present and thus should be more effective because
it capitalizes on loss aversion [19]. Second, the use of
reward-based financial incentives for physical activity imposes
a significant cost (eg, approximately US $1.50 per day per
person, see the study by Mitchell et al [14]), whereas the use of
deposit contracts introduces (partial) cost sharing by recipients.
Such cost sharing may be desirable, for example, to employers
promoting physical activity among employees [25]. Moreover,
while rewarding people for behavior that others perform without
receiving rewards might be considered unfair, having people
voluntarily deposit their own money avoids this ethical concern
[26].

Existing evidence indicates that deposit contracts are effective
in helping people lose weight [26], stop smoking [19,27], and
increase physical activity [20,21,24,28-30]. However, the
voluntary uptake of deposit contracts is generally low [19,31].
In fact, some authors suggest that those who would benefit the
most from interventions using incentives with potential losses
are not likely to enter into them [32,33]. However, comparing
the evidence on the uptake and effectiveness of deposit contracts
for physical activity among studies is complicated, as
operationalizations differ substantially. In particular, 3 different
types of deposit contracts can be distinguished. First, in line
with their potential to promote cost sharing, several authors
have used completely self-funded deposit contracts [31,34].
Without the potential for financial gain, such self-funded deposit
contracts involve only losses compared with the status quo.
Second, uptake of deposit contracts is often encouraged through
“matching” individuals’ contribution into the deposit scheme
or combining deposits with a reward-based incentive [19,35,36].
Such matched deposit contracts thus involve both potential gains
and losses compared with the status quo. Third, some authors
have used loss framing to mimic the feelings of loss involved
in a deposit contract without actually requiring individuals to
put their own money at risk [20,24]. For example, in a
loss-framed condition, Patel et al [20] promised respondents
US $42 up front of which they could then lose US $1.40 for

every day they did not attain physical activity goals. This
loss-framed condition proved more effective in promoting
physical activity compared with a gain-framed condition in
which respondents simply earned US $1.40 for every day they
attained physical activity goals. However, participants in all
conditions of this study faced no actual losses, but in fact were
making gains compared with their preintervention status quo.

This Study
In this study, we investigate the impact of deposit contracts on
increasing physical activity by disentangling the effects of
incurring actual losses (through self-funding) and loss framing.
We will use an actual deposit contract (ie, a stick) that requires
participants to make a deposit of their own money before the
intervention starts and compare this with receiving a reward (ie,
a carrot) of equivalent size. In line with the study by Adams et
al [37], we refer to this as the direction of incentives.
Furthermore, we will investigate whether loss framing
(compared with gain framing) enhances the effectiveness of
both reward and deposit contract incentives. First, we expect
that, overall, incentive conditions are more effective than an
active no-incentive control condition (H1). Second, we
hypothesize that deposit contracts will have lower uptake than
regular rewards (H2); however, deposit contracts are expected
to be more effective than regular rewards for those that partake
in the intervention (H3). In addition, we hypothesize that loss
framing an incentive will increase effectiveness compared with
gain framing (H4). Finally, we propose that incentives in which
both direction of the incentive and framing of the incentive are
loss congruent (ie, loss-framed deposit contracts) are most likely
to invoke loss aversion and are therefore especially effective in
promoting physical activity (H5).

Methods

Participants
We recruited healthy participants aged between 18 and 30 years
through a university research participation system (SONA),
flyers on campus, and posts on social media. Participants had
to be willing to improve their physical activity, own a
smartphone, and be proficient in English. A priori sample size
calculations with G*Power [38] suggested a minimum sample
size of 199 for detecting a between-conditions difference in
effectiveness with a medium effect size (f=0.20), 80% power,
and an α of .05 (analysis of covariance [ANCOVA] with 5
groups). On the basis of a similar research [39] that showed a
relatively high dropout rate between recruitment and
participation, we assumed a dropout rate of 20% and aimed to
recruit 240 eligible participants. Participants were excluded if
they reported any medical condition that could hinder their
physical activity (based on their response to the Physical
Activity Readiness Questionnaire) [40]. A detailed description
of the flow of participants through the study, including reasons
for exclusion and dropout, is provided in Multimedia Appendix
1. All the participants who completed the study had a chance
to win 1 of 3 grand prizes (3 Fitbit devices worth €100 [at the
time of writing: €1=US $0.98]) and 1 of 50 small prizes (50
webshop vouchers worth €10) in a raffle. Participants who were
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first-year psychology students at Leiden University additionally
received research credits (needed to complete their first year).

Ethics Approval
We obtained informed consent before the start of the study.
This study was approved by the Psychology Research Ethics
Committee of Leiden University (2020-02-24-T.
Reijnders-V2-2089), and the study protocol was preregistered
on the Open Science Framework [41].

Materials
The intervention for this study was delivered entirely on the
web via the Benefit Move app, which the participants
downloaded on their smartphones. The Benefit Move app was
implemented using MobileCoach [42,43], an open-source
software platform for smartphone-based and chatbot-delivered
behavioral interventions (eg, study by Kowatsch et al [44]) and
ecological momentary assessments (eg, study by Tinschert et
al [45]). MobileCoach was developed by the Centre for Digital
Health Interventions at Eidgenössische Technische Hochschule
Zürich and the University of St. Gallen in Switzerland [46]. The
Benefit Move app had two main functions: (1) objectively
measuring physical activity and (2) communicating with the
participant.

To measure physical activity, the Benefit Move app asked the
participants for permission to retrieve step counts from existing
health apps already installed on their smartphones. Most
smartphones have a gyroscope-based pedometer or
location-tracking device integrated to record movements made
while the phone is being carried. Algorithms recode the raw
data from these sensors into an estimated step count, which is
then stored in the database of apps, such as Apple Health and
Google Fit. Depending on the operating system, Benefit Move
would pull data from either Google Fit [47] for Android or
Apple’s Health Kit [48] for iOS. Overall, out of 126 participants,
67 (53.2%) used Apple iOS devices and 59 (46.8%) used
Android devices. The percentage of Apple iOS users ranged
from 41.1% to 69.6% across conditions and was considered to
be spread evenly across conditions. Both of these apps showed
good validity for measuring step counts [49,50]. The Benefit
Move app retrieved these data to provide a tailored step goal at
the start of the intervention and to record step counts during the
intervention. During the intervention phase, at any given time,
the participant could click a button to retrieve the up-to-date
step count at that moment. In addition, to communicate with
the participant, an automated digital coach (chatbot) sent daily
prompts to provide the participant with feedback about goal
progress, their accumulated financial earnings or losses, and a
trigger to click the button for step count retrieval (Figure 1
provides an impression of the app).

Figure 1. Impression of the Benefit Move app.

Measures

Baseline Survey
The baseline survey was administered during onboarding in the
app to obtain basic demographic information such as sex, birth
year, nationality, country of residency, education level,
employment status, subjective estimation of income relative to
peers, and subjective estimation of weight status (Multimedia
Appendix 2 provides an overview of the survey items).

Final Survey
The final survey was administered after the intervention was
completed. First, as a sensitivity check, we asked the participants
whether they carried their smartphone with them more often
because of the intervention (Multimedia Appendix 3 provides
an overview of the final survey items). Furthermore, we asked
the participants if they cheated the intervention but assured them
that their answer would not impact the payout of incentives.
We also performed a contamination check to explore whether
participants were aware of the condition that others were
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assigned. Because the intervention coincided with the worldwide
COVID-19 pandemic, we included several items to assess its
impact on our study. First, we assessed whether participants
experienced influenza-like symptoms, whether these symptoms
led them to be less physically active, and, in general, whether
they engaged in less physical activity owing to the COVID-19
pandemic. Furthermore, we administered the Generalized
Anxiety Disorder-7 [51], a brief 7-item measure that assesses
generalized anxiety symptoms that could be related to the
COVID-19 pandemic. Finally, as a manipulation check, we
included 2 items (answered on a 10-point Likert scale from
1=totally disagree to 10=totally agree) that asked whether
participants experienced a feeling of loss during the intervention
(“I felt that I was losing money if I did not increase my step
count”) and whether they experienced goal commitment (“I felt
strongly committed to the goal of increasing my step count”).

Procedure
After recruitment, all the participants were put on a waitlist
before they received the screening survey and informed consent.
One week before the start of the intervention, participants
completed the screening survey with the inclusion and exclusion
criteria and provided digital informed consent. Thereafter,
eligible participants received a URL to the iOS or Android app
stores where they could download the Benefit Move intervention
app and install it on their smartphone. Once the participants
installed the app, they were asked to complete onboarding in
the app within 2 days. Thereafter, participants were sent a link
to the survey platform LimeSurvey that opened within the
Benefit Move app. Here, they filled in the baseline survey (for
more details, see the Baseline Survey section) and then returned
to the app after completion. Participants were excluded from
the study if they did not complete the onboarding process and
baseline survey before the start of the intervention.

After participants completed the baseline survey, they received
a tailored step goal based on their 7-day historic daily step
average that was retrieved through Google Fit or Apple Health.
Retrieving step counts for 7 consecutive days should accurately
estimate habitual activity levels of individuals [52], and
providing an individualized and realistic goal should increase
intervention effectiveness [14]. A limitation to using a 7-day
historic step count is that meteorological factors could impact
baseline levels of activity [53]. If historic data were available,
the participant was assigned a goal that was 120% of the historic
daily step average. For example, someone who, in the 7 days
before goal setting, took an average of 5000 steps per day would
automatically receive a 6000 steps daily step goal. If no historic
data were available, the participant was assigned a default step
goal of 10,000 steps per day because it is an often-used guideline
for sufficient physical activity [54].

All the participants started simultaneously with the 20-day
intervention on Monday, March 30, 2020, at 9 AM. Owing to
the COVID-19 pandemic, a partial lockdown was issued by the
Dutch government on March 15, 2020. Onboarding for this
study (and retrieval of 7 days of historic step counts) was
performed from March 23, 2020, until the active study phase
started on March 30, 2020. Therefore, it is possible that the
estimates of the baseline activity were lower than normal. Each

day during the 20-day intervention, the participants received a
push notification at 9 AM. This notification prompted them to
click a button to retrieve their step count performance of the
previous day and get an update on the progress for the current
day. If the user skipped doing this for several days but then
responded and requested an update, the feedback for multiple
days was given in separate consecutive messages, with a
separate update message per day. The feedback per day
consisted of the achieved step count compared with the daily
step goal, a conclusion about whether the goal was achieved or
not, the money that was earned or lost on that day, and the
running total of earnings or losses during the entire intervention
(Figure 1 provides an example). On the basis of their study
conditions, participants received different instructions at the
start of the intervention and received different feedback
messages during the intervention.

Study Conditions
We used a 2 incentive direction (reward or deposit) × 2 feedback
frame (gain or loss) design with an additional control condition.
The participants were automatically randomized to these 5
conditions by the app.

Condition 1: Control Condition
Participants received an active basic intervention with a tailored
goal and daily feedback on their goal progress without a
financial incentive or specific framing of feedback.

Condition 2: Reward and Gain Frame Condition
After having been assigned their step goal, participants were
informed that they would receive a monetary reward of a
maximum of €10 for achieving their step goals during the
intervention (the incentive amount of €10 was determined in a
pilot study during which we sent a short survey to 26 students
to assess what incentive amount they would find stimulating
and acceptable). More specifically, to create a gain frame, they
were informed that there was an empty pot at the start of the
intervention and that for every successful goal achievement,
they would receive €0.50 that would be added to the pot. If they
were not successful, nothing would be added to the pot. After
their condition was explained to the participants, we explicitly
asked them if they wanted to participate in this challenge (this
is especially relevant for participants in the deposit conditions,
as they will be asked to make a monetary payment to the
experiment). After they explicitly agreed to the specific
challenge that was presented to them, the participants were
instructed to wait until the intervention started the next Monday
morning.

Condition 3: Reward and Loss Frame Condition
After having been assigned their step goal, participants were
also informed that they would receive a monetary reward of a
maximum of €10 for achieving their step goals during the
intervention. However, to create a loss frame, and in contrast
to the gain frame condition, they were informed that there was
a full pot with €10 at the start of the intervention and that for
every goal failure €0.50 would be deducted from the pot. If they
were successful, nothing would be deducted from the pot.
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Condition 4: Deposit and Gain Frame Condition
After having been assigned their step goal, participants in the
deposit and gain frame condition were asked to deposit €10 of
their own money via bank transfer to improve their commitment
to the challenge. In all cases, the full amount was refunded after
the intervention, but participants were unaware of this and were
informed that the amount they would get back would depend
on their performance during the intervention. More specifically,
they were informed that there was an empty pot at the start of
the intervention and that for every successful goal achievement,
€0.50 would be added to the pot. If they were not successful,
nothing would be added to the pot. The final amount of the pot
would be the amount of their deposit that would be returned to
them after the intervention.

After their condition was explained to them, we explicitly asked
the participants if they wanted to participate in this challenge.
When participants agreed to participate, they were sent a digital
payment request via “Tikkie” (a direct digital payment URL)
in the app. By clicking on this payment request, they directly
transferred €10 of their own funds to the experiment bank
account. Participants who could not use this automated system
were able to transfer the required amount manually to the
experiment bank account. The experiment bank account was
monitored closely, and when a deposit payment was received,
we confirmed this to the participant through the intervention
app. If no payment was received, participants were automatically
reminded via push messages, SMS text messages, telephone
calls, and email reminders. Participants were excluded if deposit
payments were not confirmed 12 hours before the start of the
intervention. After confirming the received deposit payment,
we instructed the participants to wait until the intervention
started the next Monday morning.

Condition 5: Deposit and Loss Frame Condition
Participants in this condition followed the same overall
procedure as the participants in the deposit and gain frame
condition did. However, to create the loss-framed feedback,
they were informed that there was a full pot of €10 at the start
of the intervention and that for every goal failure, €0.50 would
be deducted from the pot. If they were successful, nothing would
be deducted from the pot. The final pot amount was the amount
of their deposit that we promised to return after the intervention.

Debriefing
After the participants completed the 20-day intervention, they
received a summary of their performance in the challenge. In
the 4 experimental conditions, the participants were additionally
informed about their incentive earnings and told that they would
receive this money (back) into their bank account as soon as
possible. Thereafter, the participants were sent a link to the
survey platform LimeSurvey that opened within the Benefit
Move app. Here, they filled in the final survey (for more details,
see the Final Survey section) and returned to the intervention
app after completion. Participants were then debriefed about
their condition; the other conditions and the deceptive element
around their deposit were revealed. All payments to the
participants were made within 2 weeks after the experiment
ended.

Statistical Analysis
The primary outcome (continuous) was the effectiveness. This
was measured through the mobile registration of step count data
and defined as the number of days (0-20) the goal was achieved.
The secondary outcome (binary) was the uptake of the
intervention and defined as explicitly agreeing to participate in
the challenge and paying the deposit (if required).

We report results on the effectiveness based on a restricted
sample that only included participants who retrieved steps on
at least one intervention day and who received a tailored step
goal. We excluded participants who received a default goal,
because in hindsight, these participants were confronted with
a goal that was unachievable (Multimedia Appendix 4 provides
an overview of analyses where these participants were included).
Furthermore, we report the main analyses for effectiveness
based on models that include baseline step counts as a covariate.
The pattern of the results was similar, but the models gained
accuracy by including the covariate. Data analysis was
performed using SPSS statistics for Mac (version 28; IBM
Corp). We dealt with missing cases by using pairwise exclusion
and used the standard P<.05 criterion for determining statistical
significance. For ANOVA and ANCOVA, we considered an

effect size small when ηp2>0.01, medium when >0.06, and large
when >0.14 (Cohen [55]). For chi-square, we considered an
effect size small when Cramer V>0.1, medium when >0.3, and
large when >0.5.

Hypothesis Testing

Hypothesis 1: Effectiveness of Incentive Conditions
Compared With the Control Condition
First, we performed an ANCOVA with baseline steps as a
covariate in which we compiled incentive conditions to compare
all incentive conditions combined (mean of conditions 2-5) to
the control condition (ie, condition 1). Second, we performed
an ANCOVA with baseline steps as a covariate and effectiveness
as the dependent variable to separately compare incentive
conditions (ie, conditions 2-5) to the no-incentive control
condition (ie, condition 1). The ANCOVA was performed with
factor “condition” with 5 levels (conditions 1-5). We compared
each incentive group separately to the control condition with
four planned contrasts: 1=control versus deposit and gain,
2=control versus deposit and loss, 3=control versus reward and
gain, and 4=control versus reward and loss.

Hypothesis 2: Uptake of the Intervention
We performed a chi-square test of independence to investigate
whether the uptake was lower for deposit contracts (ie,
conditions 4 and 5) compared with regular rewards (ie,
conditions 2 and 3).

Hypothesis 3 to 5: The Effect of Incentive Direction and
Feedback Framing on Effectiveness
We performed a 2-way ANCOVA with baseline steps as a
covariate. Effectiveness was the dependent variable, and the
model contained 2 factors: incentive direction (deposit or
reward) and feedback frame (loss or gain). In the model, we
specified both the main effects of the factors (H2 and H3) and
their interactions (H4).
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Results

Descriptives
In total, we analyzed the data on the uptake of participants
(N=126) with a mean age of 22.7 (SD 2.84) years of which
68.2% (86/126) identified as female. Most participants had the
Dutch nationality (69/126, 54.8%), approximately half (60/126,
47.6%) were students, most reported to have an income similar
to their peers (71/126, 56.3%), and most considered themselves

to have an appropriate body weight (89/126, 70.6%). After their
condition was explained to them, 11 participants explicitly
refused the challenge, 7 participants did not pay their deposit
in time, and 12 participants did not retrieve steps on any day of
the intervention. Therefore, the data from 96 participants were
available for the analysis of effectiveness, and the data from 65
participants remained after exclusion of nontailored goals (see
the Methods section for rationale). Table 1 provides more details
on the characteristics of the full sample that was analyzed for
uptake and the subsample that was analyzed for effectiveness.

Table 1. Sample characteristics of the full sample and the subsample that was analyzed for effectiveness.

Subsample effectiveness (N=65)Full sample (N=126)Variable

22.2 (2.53)22.7 (2.84)Age (years), mean (SD)

Sex, n (%)

13 (20)40 (31.7)Male

52 (80)86 (68.3)Female

Nationality, n (%)

40 (61.5)69 (54.8)Dutch

10 (15.4)20 (15.9)German

15 (23.1)37 (29.4)Other

Work , n (%)

33 (50.8)54 (42.8)Student without a job

1 (1.5)6 (4.8)Student with a job

6 (9.2)14 (11.1)Working part time

21 (32.3)45 (35.7)Working full time

4 (6.2)7 (5.6)Do not want to answer

Income, n (%)

9 (13.8)15 (11.9)Less than my peers

39 (60)71 (56.3)Same as my peers

9 (13.8)20 (15.9)More than my peers

8 (12.3)20 (15.9)Do not want to answer

Weight (kg) , n (%)

1 (1.5)3 (2.4)Underweight

4 (6.2)7 (5.6)A bit underweight

48 (73.8)89 (70.6)Appropriate weight

9 (13.8)19 (15.1)A bit overweight

2 (3.1)7 (5.6)Overweight

1 (1.5)1 (0.8)Do not want to answer

Hypothesis Testing

Hypothesis 1: Effectiveness of Incentive Conditions
Compared With Control Condition
First, a 1-way ANCOVA with baseline steps as a covariate
showed that, overall, incentive conditions (mean 13.10, SD 6.33
days goal achieved) had higher effectiveness than the control
condition (mean 8.00, SD 5.65 days goal achieved; F1,62=10.72;

P=.002; ηp2=0.147). Furthermore, to test specific contrasts, a

second 1-way ANCOVA with baseline steps as a covariate
showed that the factor condition was related to the effectiveness

of the intervention (F4,59=5.48; P<.001; ηp2=0.271). Participants
in the control condition achieved their step goal on a mean of
8.00 (SD 5.65) days. Planned contrasts indicated that this was
significantly less than that in the participants in reward and gain
condition (mean 13.30, SD 5.49 days goal achieved; P=.003;
SE 1.86). Furthermore, this was also significantly less than that
of participants in the deposit and gain condition (mean 17.40,
SD 6.17; P<.001; SE 2.25). We did not find a significant
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difference between the control condition and the reward and
loss condition (mean 10.00, SD 7.01 days goal achieved; P=.23;
SE 2.19). No significant difference was found between the
control condition and the deposit and loss condition (mean
11.29, SD 5.16 days goal achieved; P=.19; SE 2.53). Owing to
indications that normality of the dependent variable was
violated, we performed a Kruskal-Wallis test to check the
robustness of these findings. We only found a significant
contrast between the control condition and the deposit and gain
condition (P=.001, adjusted with Bonferroni correction). There
was no evidence of a significant difference for the other
contrasts.

Hypothesis 2: Uptake of the Intervention
Uptake of the intervention was defined as explicitly agreeing
to participate in the challenge and paying the deposit (if

required). A chi-square test of independence showed that
requiring a deposit decreased the uptake of the intervention

(N=97; χ2
1=23.5; P<.001; Cramer V=0.492). In the reward

conditions, 100% (50/50) of the participants accepted the
intervention compared with 62% (29/47) in the deposit
conditions (Table 2 provides a descriptive overview of the
results). We explored whether those with uptake differed from
those with no uptake but were underpowered for these analyses
and accordingly found no differences in demographic data (sex,
income, weight status, and age) or other baseline characteristics
(goal type, self-efficacy, risk proneness, self-control,
autonomous motivation, extrinsic motivation, and historic step
count).

Table 2. Descriptive overview of the results.

Total
(N=126)

ConditionVariable

Deposit and loss
frame (n=24)

Deposit and gain
frame (n=23)

Reward and loss
frame (n=18)

Reward and gain
frame (n=32)

Control (n=29)

108 (86)14 (58)15 (65)18 (100)32 (100)29 (100)Uptake, n (%)

11 (9)7 (29)4 (17)0 (0)0 (0)0 (0)Explicit refusal, n (%)

7 (6)3 (12)4 (17)N/AN/AN/AaDeposit not paid, n (%)

12 (10)3 (12)0 (0)3 (17)4 (12)2 (7)Steps never retrieved, n (%)

Goal type, n (%)

81 (68)14 (58)17 (74)11 (61)21 (66)18 (62)Tailored goals

45 (36)10 (42)6 (26)7 (39)11 (34)11 (38)Default goals 10,000

6602 (3574)7714 (3724)5960 (3544)6992 (3111)6384 (3700)6189 (3604)Assigned step goal, mean
(SD)

aN/A: not applicable.

Hypothesis 3 to 5: Effect of Incentive Direction and
Feedback Framing on Effectiveness
A 2-way ANCOVA with baseline steps as a covariate showed
no main effect of incentive direction (F1,43=1.98; P=.17;

ηp2=0.044), indicating that deposits (mean 14.88, SD 6.40 days
goal achieved) were not more effective than rewards (mean
12.13, SD 6.17 days goal achieved). We did find a main effect

of feedback framing (F1,43=7.91; P=.007; ηp2=0.155), indicating
that loss frames (mean 10.50, SD 6.22 days goal achieved) were
significantly less effective than gain frames (mean 14.67, SD
5.95 days goal achieved). Finally, the interaction effect of
incentive direction×feedback framing was not significant

(F1,43=1.16; P=.29; ηp2=0.026), indicating that feedback framing
did not have a different effect on deposit conditions compared
with reward conditions. Table 3 provides a descriptive overview
of the results for each arm of the experiment.

Furthermore, to test the robustness of these findings, we
additionally performed a Kruskal-Wallis test. For the main
effects, we performed 2 separate tests, one for each factor from
the 2-way ANOVA. However, the interaction effect could not
be tested with this alternative method. Consistent with the results
of the 2-way ANCOVA, we found that incentive direction was
not significantly related to effectiveness (P=.06), but feedback
framing was significantly related to effectiveness (P=.03).
Additional checks to test the sensitivity of the main findings
are reported in Multimedia Appendix 5.
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Table 3. Descriptive overview of results for participants with tailored goals.

Total (N=65),
mean (SD)

Condition, mean (SD)Variable

Deposit and loss
frame (n=7)

Deposit and gain
frame (n=10)

Reward and loss
frame (n=11)

Reward and gain
frame (n=20)

Control
(n=17)

3792 (2347)3472 (1537)4036 (3187)4232 (2056)3868 (2673)3406 (1982)Baseline step count

4550 (2816)4166 (1844)4843 (3825)5078 (2467)4642 (3207)4087 (2378)Assigned step goal

4599 (3025)3993 (2464)6395 (4526)4763 (2105)5071 (2783)3130 (2466)Intervention step count

11.77 (6.52)11.29 (5.16)17.40 (6.17)10.00 (7.01)13.30 (5.49)8.00 (5.65)Days goal achieved

Effect of the Manipulations on Experienced Feelings
of Loss and Goal Commitment
To check the effect of our manipulations, we analyzed the effects
of incentive direction and feedback framing on feelings of loss
and goal commitment. We performed 2 separate 2-way
ANOVAs (one for feeling of loss and one for goal commitment)
with factor incentive direction (deposit or reward) and factor
feedback frame (loss or gain). The model included both main
effects and their interactions. The first ANOVA, with feeling
of loss as the dependent variable, showed a significant effect

of incentive direction (F1,41=19.66; P<.001; ηp2=0.324). Deposit
contracts (mean 7.19, SD 2.23) resulted in stronger feelings of
loss compared with rewards (mean 4.21, SD 2.19). However,
feedback framing did not influence the feeling of loss, and we
did not find a significant interaction. The second ANOVA, with
goal commitment as the dependent variable, showed a significant

effect of feedback framing (F1,41=4.95; P=.03; ηp2=0.108).
Loss-framed incentives (mean 5.24, SD 3.11) resulted in weaker
goal commitment compared with gain-framed incentives (mean
7.14, SD 2.37). However, incentive direction did not influence
goal commitment, and we did not find any interaction.

Discussion

Principal Findings
This study found that financial incentives increase intervention
effects compared with an active no-incentive control condition.
Furthermore, as expected, the results showed that self-funded
deposit contracts for physical activity have a lower uptake than
regular reward incentives. However, in contrast to our
hypothesis, we did not find deposit contracts to be more effective
than reward incentives, but they were also not less effective and
have important benefits for large-scale implementation. An
important unexpected finding was that loss framing decreased
the effectiveness of the intervention compared with gain
framing. This finding is in contrast to the existing literature and
seems to provide the first preliminary evidence that for
improving physical activity with financial incentives in a healthy
population, loss framing is less effective than gain framing.

First, the finding that financial incentive conditions were more
effective than an active no-incentive control condition is in line
with the results from meta-analyses [14-16]. Compared with
participants in the control condition, participants who received
a financial incentive were shown to reach about 5 more daily
step goals (and took about 2000 steps more per day) during the

20-day intervention. This is a large and clinically relevant effect
with a mortality-reducing potential [5,6]. We explain this finding
through the idea that financial incentives capitalize on the
present bias and introduce an immediate monetary incentive
for being physically active.

Second, we found that the uptake of deposit contracts was lower
than that of regular rewards. This finding is in line with the
work by Halpern et al [19] on deposit contracts for smoking
cessation. A common sense explanation for this finding is that
people are more open to an intervention where they stand to
gain something (ie, a reward) than where they stand to lose
something (ie, their own money). The same aversion to losses
that is thought to increase effectiveness might deter people from
entering into a deposit contract. In fact, this tension between
effectiveness and uptake has been recognized before [56].
Furthermore, although we simplified all steps in the payment
process, it could be that the logistical barrier of having to
provide a monetary deposit deterred some individuals, regardless
of whether they dismissed the concept of deposit contracts per
se. Finally, it is important to understand which people are most
likely to accept and reject a deposit contract intervention. For
example, it has previously been suggested that individuals who
recognize their challenges while resisting temptation (ie,
sophisticates) might be open to using deposit contracts [56].
Future research should use a self-funded deposit contract and
investigate the moderators of uptake to shed light on which
subgroups are best reached.

Third, in contrast to our hypothesis, deposit contracts were not
more effective than regular reward incentives. We expected, in
line with others, that deposit contracts would invoke loss
aversion and therefore would be more effective than regular
rewards. Our analyses indeed showed that deposit contracts
resulted in stronger feelings of loss than rewards did, but this
did not result in higher effectiveness. Our results are in contrast
to those reported for smoking cessation by Halpern et al [19].
Possibly, for physical activity, deposit contracts are not more
effective than rewards. Another explanation might be that
participants perceived the stakes in our study as low and
therefore were not averse to potentially losing their deposits.
This would be in line with the work by Mukherjee et al [57]
who found that for high stakes, participants rated losses more
impactful than gains (ie, loss aversion), but for low stakes, this
tendency reversed, and gains were rated as more impactful than
losses. It is possible that subjective judgments by our
participants rated the incentive as low stakes and therefore
deposit contracts were not more effective than rewards. Future
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work should investigate deposit contracts and rewards of varying
sizes to determine the potential tipping points at which deposit
contracts are superior to rewards and when this is reversed. In
addition, it is possible that deposit contracts are superior to
rewards (the descriptive means were in the expected direction),
but we did not have enough statistical power to detect a
significant difference. More fully powered studies that
investigate self-funded deposit contracts for physical activity
are needed to draw firmer conclusions on this point. Existing
studies in the domain of physical activity either operationalized
deposit contracts differently using loss framing [20,24] or were
also not powered [21,28-30] to provide a clear answer to this
question.

Finally, unexpectedly, we found that loss framing decreased
the effectiveness of the intervention compared with gain
framing. In line with the study by Patel et al [20], we expected
that framing an incentive as a loss would activate loss aversion
and therefore increase effectiveness compared with gain framing
an incentive. However, our analyses showed that loss framing
did not increase feelings of loss compared with gain framing.
Thus, it appears that our attempt at shifting participants’
reference point was unsuccessful. We did find that loss framing
decreased feelings of goal commitment, which might explain
why the effectiveness of loss frames was lower than that of gain
frames. Our results contradict the findings of Patel et al [20]
who showed that loss-framed incentives were more effective
than gain-framed incentives. However, Patel et al [20] studied
university employees who are obese, with a BMI >27, whereas
our sample consisted of healthy university students. Possibly,
a difference in regulatory fit related to differences in the study
sample might explain this discrepancy. Regulatory fit is when
the persuasiveness of a health message is increased when its
frame is congruent with the regulatory orientation of the
individual [58]. Regulatory focus theory discerns 2 modes of
regulatory orientation: promotion focus and prevention focus.
Although people with a promotion focus aim for desired end
states, people with a prevention focus aim for avoiding undesired
end states [58]. Perhaps, adults who are obese are more focused
on avoiding obesity-related health problems, and therefore have
a stronger prevention focus when increasing physical activity.
This could lead them to respond better to a loss-framed incentive
(in which losing money is prevented) because of a greater
experienced regulatory fit. By contrast, perhaps healthy students
have a stronger promotion focus (on becoming more fit rather
than avoiding health problems) and therefore respond better to
a gain-framed incentive. Whether the regulatory fit effect also
applies to incentive framing (and not only to framing of
persuasive health messages) is an interesting avenue for future
research. Future research should measure regulatory orientation
and investigate the possible interactions with different incentive
frames.

Strengths and Limitations
An important strength of this study is that we used a self-funded
deposit contract that required participants to make a monetary
deposit before the intervention started. This allowed us to
compare the effects of self-funded deposit contracts with those
of loss frames. Another strength is that we used objective
registrations of step counts and did not rely on self-reported

estimations of physical activity. Finally, the app automatically
provided participants with tailored goals based on their historical
step counts, thus creating a personalized intervention experience.
However, requiring a deposit beforehand also resulted in a lower
uptake of the deposit contract conditions. As a result, the deposit
requirement may have filtered out people who lacked
motivation, thus leading to an overestimation of effectiveness
in the deposit contract conditions. Consequently, caution is
warranted when interpreting the effectiveness of the deposit
contract conditions. Another limitation of our study is that high
dropout before onboarding, unbalanced allocation, lack of uptake
in the deposit contract conditions, and the exclusion of
nontailored goals decreased the statistical power of our analyses.
Limited statistical power might have especially affected the
findings for specific analyses on effectiveness such as when we
compare deposit contracts with regular rewards or loss frames
with gain frames. Therefore, the results of this study should be
interpreted with caution, and future work should be done to
confirm these findings. Furthermore, before onboarding,
participants read the informed consent form, which mentioned
that the study possibly required them to deposit €10 of their
own money. Mentioning this possibility was important for
informed consent but may have deterred some participants from
participating before they onboarded in the app. It is possible
that this biased our analysis of uptake and that the actual uptake
of deposit contracts is lower than our analyses suggest. In
addition, although we propose that objective measures of
physical activity are superior to subjective self-reports, an
important criticism of pedometer-based intervention research
is that it is impossible to differentiate an increase in step count
from an increase in pedometer wear time [59]. In our case,
participants in the gain-framed conditions reported having
carried their smartphone more often than they normally do
(Multimedia Appendix 5), and this might partly explain why
gain-framed conditions were more effective than loss-framed
conditions. Furthermore, a relatively high proportion of the
participants (45/126, 35.7%) did not have historical step data
available on their smartphones. These people were assigned a
default goal (10,000 steps per day) that was unachievable in
hindsight. Although 10,000 steps per day is often used as a goal
in commercial physical activity trackers and apps, this already
exceeds the guidelines for sufficient physical activity, which
translates to approximately 7000 to 8000 steps per day [60].
Future research with a similar goal-setting module should assign
more achievable default goals when the goals cannot be tailored.
In our sample, the mean baseline step count of participants with
historical data was approximately 3800 steps per day. On the
basis of a meta-analysis of financial incentive intervention
effects, we suggest that step goals should not exceed baseline
levels by >20% to 30% [14]. In addition, the intervention was
launched in March 2020, and during this period, the first
COVID-19 lockdown measures in the Netherlands were
implemented. Although this probably impacted all conditions
equally, a large part (51/65, 78%) of the sample reported having
been less physically active than they normally were because of
the situation around COVID-19. As a result, it is possible that
the estimates of baseline activity were lower than normal;
therefore, the intervention led to stronger improvements than
would be found under normal circumstances. Furthermore, our
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sample consisted of predominantly healthy, young, female
students at universities. Although we purposefully recruited a
homogenous sample to increase internal validity, the external
validity of our findings is therefore restricted. Older or more
chronically ill populations might respond differently to this type
of intervention. Finally, we only investigated short-term effects
during a 20-day intervention period. Therefore, we are unable
to answer questions about the long-term effectiveness of the
different incentive directions and incentive frames that we tested.
Future work with longer intervention durations should be done
to study how rates of goal achievement (and step counts) vary
over time during and after the intervention.

Implications
An important theoretical contribution of this study is that we
did not replicate the finding that loss-framed financial incentives
are more effective than gain-framed financial incentives for
increasing physical activity [20]. By contrast, our results show
that gain-framed incentives are more effective. Although we
are unable to ascertain what has produced this effect, by itself
it provides evidence that (perceptions of) losses are not always
more impactful than (perceptions of) gains. Rather, it supports
the argument made by Gal and Rucker [61] that loss aversion
is a context-dependent tendency with boundary conditions,
instead of a ubiquitous phenomenon. This finding also has
implications for those who want to implement loss-framed
financial incentives in practice. Because our results show that
loss frames might hurt incentive effectiveness, we warn against
implementing them in practice without further research on their

boundary conditions. Finally, we were unable to show that
deposit contracts were more effective than rewards, but they
were also not less effective. Considering that deposit contracts
are (partially) self-funded makes them attractive for large-scale
implementation. However, before deposit contracts can be
implemented on a large scale, it is important to further
understand which subgroups are not reached by them. Although
to the best of our knowledge the relationship between income
and uptake of deposit contracts has not yet been studied, one
can imagine that people with lower incomes might reject a
deposit contract because they are less able to deposit a sum of
their own money. This could cause vulnerable key subgroups
(eg, people with lower socioeconomic status or cardiovascular
disease) not to be reached by a deposit contract intervention.
Possibly, this issue could be overcome by offering
income-dependent deposit sizes or allowing participants to
freely choose an amount that is motivating but that does not
cause financial harm when lost [26].

Conclusions
Although this study was underpowered and the results have to
be interpreted with caution, we have shown that deposit
contracts have lower uptake than rewards but appear to have
(at least) comparable effects on physical activity. Loss framing
an incentive might undermine effectiveness, and we therefore
urge for more research before implementing them in practice.
Deposit contracts might be a promising tool for behavior change;
however, more research is needed on who is willing to use them
and for whom they are most effective.
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Abstract

Background: Digital health promotion programs tailored to the individual are a potential cost-effective and scalable solution
to enable self-management and provide support to people with excess body weight. However, solutions that are widely accessible,
personalized, and theory- and evidence-based are still limited.

Objective: This study aimed to develop a digital behavior change program, Choosing Health, that could identify modifiable
predictors of weight loss and maintenance for each individual and use these to provide tailored support.

Methods: We applied an Intervention Mapping protocol to design the program. This systematic approach to develop theory-
and evidence-based health promotion programs consisted of 6 steps: development of a logic model of the problem, a model of
change, intervention design and intervention production, the implementation plan, and the evaluation plan. The decisions made
during the Intervention Mapping process were guided by theory, existing evidence, and our own research—including 4 focus
groups (n=40), expert consultations (n=12), and interviews (n=11). The stakeholders included researchers, public representatives
(including individuals with overweight and obesity), and experts from a variety of relevant backgrounds (including nutrition,
physical activity, and the health care sector).

Results: Following a structured process, we developed a tailored intervention that has the potential to reduce excess body weight
and support behavior changes in people with overweight and obesity. The Choosing Health intervention consists of tailored,
personalized text messages and email support that correspond with theoretical domains potentially predictive of weight outcomes
for each participant. The intervention content includes behavior change techniques to support motivation maintenance,
self-regulation, habit formation, environmental restructuring, social support, and addressing physical and psychological resources.

Conclusions: The use of an Intervention Mapping protocol enabled the systematic development of the Choosing Health
intervention and guided the implementation and evaluation of the program. Through the involvement of different stakeholders,
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including representatives of the general public, we were able to map out program facilitators and barriers while increasing the
ecological validity of the program to ensure that we build an intervention that is useful, user-friendly, and informative. We also
summarized the lessons learned for the Choosing Health intervention development and for other health promotion programs.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2020-040183

(J Med Internet Res 2022;24(10):e34089)   doi:10.2196/34089

KEYWORDS

behavior change; behavior maintenance; behavioral theory; weight loss; overweight; obesity; randomized controlled trial; digital
health; within-person design; Intervention Mapping

Introduction

Background
Worldwide, overweight and obesity are a major public health
concern showing continuous increase over the past 4 decades
[1]. Excess body weight is a risk factor for multiple chronic
health conditions and diseases, including cardiovascular disease,
cancer, and type 2 diabetes [2]. Overweight and obesity are also
risk factors for severe illness in patients with COVID-19 [3].
The development of programs that support people with
overweight and obesity to lose and maintain weight loss is
urgently needed [4], especially programs that promote healthy
nutrition, physical activity, and health behavior change as a
means to lose weight and maintain weight loss. Several
evidence-based state-of-the-art weight loss programs exist [5,6];
however, often they are not tailored specifically to the
individual. Personalization and tailoring of health promotion
programs can increase the cost and complexity of the program
[7]; however, it also has multiple advantages.

Intervention tailoring involves adapting the intervention based
on specific characteristics of the recipient [8]. A recent
systematic review of tailored digital health interventions for
weight loss [9] showed that tailored interventions were generally
more effective in supporting weight loss compared with generic
interventions or waitlist controls. Information can be tailored
to the participants in several ways that are reported to vary in
effectiveness; most interventions apply descriptive tailoring,
meaning that participants are provided with information that is
tailored based on their responses to a series of questions [9].
For example, participants who report low levels of self-efficacy
may receive intervention content that will support them in
developing mastery to perform a specific task [10].

An alternative way to tailor the intervention is through
inferential tailoring, meaning that participants are monitored
over a period and information regarding their characteristics,
behavioral predictors, and behavioral outcomes is collected (eg,
by means of ecological momentary assessment [EMA]) [11,12].
Through the process of longitudinal data collection, the
researcher gathers and then analyzes data about the participant
(collected using digital technologies) that can provide inferences
about what the strongest predictors of relevant outcomes are
[13] and, therefore, how the content of the intervention can be
most appropriately tailored for them. Inferential tailoring can
also account for trends in data and be applied at the time and
situation when the intervention is most desirable (eg, by means
of just-in-time adaptive interventions [14,15]).

To the best of our knowledge, to date, only 1 study has explored
the predictors and outcomes associated with weight loss
maintenance in individuals using EMA and N-of-1 designs [16].
The results showed that individuals who lost weight had unique
psychological profiles (ie, specific psychological predictors of
health behavior change) that could be accounted for in
subsequent interventions. However, this study did not use the
collected data to personalize the interventions.

To develop personalized interventions, within-person studies
exploring weight loss trajectories and changes in cognition and
outcomes are needed [17]. Web-based interventions for weight
loss and weight loss maintenance in people with overweight
and obesity have small to moderate overall effects compared
with minimal or control conditions [18]. To move the science
forward toward personalized behavioral medicine, new
data-driven methods of tailoring and digital health support need
to be tested [19]. We now have the opportunity to develop health
interventions that are truly individualized and tailored to
individuals’psychological profiles by applying new technologies
that support unobtrusive data collection and EMA.

Intervention mapping protocols [20] can be used as a powerful
tool to develop effective personalized interventions in a
systematic manner. Intervention mapping [21] is a
comprehensive framework that can be used to develop new
interventions and health promotion programs, adjust existing
programs to new contexts and realities [20], and develop
implementation strategies [22]. It is an ecological approach that
includes active involvement of stakeholders in program
development and follows a series of 6 established steps. The
steps undertaken are sequential; however, they are also iterative,
and intervention developers often move back and forth between
the steps to design the most optimal intervention.

Intervention mapping protocols have been successfully applied
to design several health promotion programs, including
interventions to decrease sedentary behavior [23], improve
self-management of type 2 diabetes [24], improve self-care in
heart failure [25], prevent risks and hazards in occupational
settings [26], and in several other health-related settings. The
approach was also applied to design programs that aimed to
tackle overweight and obesity in various populations, including
children [27,28], pregnant women [29], adolescents [30], adults
[31], and workers [32]. Most of the aforementioned health
promotion programs used digital technologies; however, none
of them included a health behavior change program that was
tailored to each individual and based on the participants’ own
data via inferential tailoring.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e34089 | p.347https://www.jmir.org/2022/10/e34089
(page number not for citation purposes)

Palacz-Poborczyk et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/34089
http://www.w3.org/Style/XSL
http://www.renderx.com/


Objectives
In this manuscript, we describe the systematic development of
the Choosing Health program. An Intervention Mapping
protocol guided decisions regarding program objectives,
behavior change methods, production, implementation, and
evaluation. All decisions made during the Intervention Mapping
process were guided by theory [33], evidence [16,34], and our
own research undertaken during the intervention design phase
(including focus groups, local expert consultations, and
interviews). The Choosing Health program is a complex health
promotion intervention that applies digital technology to collect
participants’ EMA data and then use them to provide a tailored
intervention. The intervention is aimed at supporting individuals
to change their physical activity and nutritional behaviors to
ultimately help them lose weight and maintain weight loss. This
study aimed to develop a digital behavior change program,
Choosing Health, following a comprehensive Intervention
Mapping protocol.

Methods

Study Design
This was an Intervention Mapping study; all study materials,
standard operating procedures, and design decisions were
documented, and the intervention content was published in the
Open Science Framework repository [35]. This Intervention
Mapping study resulted in the development of the Choosing
Health program, which is currently being evaluated through a
randomized controlled trial (RCT); this trial was registered at
ClinicalTrials.gov (NCT04291482), and the trial protocol was
published elsewhere [36].

The Intervention Mapping procedure included 6 steps that
comprised several tasks integrating theory and evidence [20].
The completion of all the steps served as a blueprint for
designing, implementing, and evaluating the Choosing Health
intervention based on theoretical, empirical, and practical
information. The 6 steps and related tasks of the Intervention
Mapping process are described in the following sections and
summarized in Multimedia Appendix 1 [9,18,33,36-38].

Step 1: Needs Assessment
In step 1, we established the planning group (ie, study authors)
and conducted a needs assessment to create a logic model of
the health problem (Multimedia Appendix 2). The intervention
planning group guided the design, implementation, and
evaluation of the Choosing Health program. This group
consisted of 11 key stakeholders representing a variety of
backgrounds supported by public representatives, including
those representing the program target group (ie, people with
overweight and obesity), nutrition and physical activity experts,
health care practitioners, and implementers of the program (ie,
individuals who could support future rollout of the program).
The characteristics of various stakeholders are further described
in the Step 4: Intervention Production section. The planning
group assessed the issue of overweight and obesity in Poland
[39], relevant behaviors, environmental factors, and their
associated changeable determinants in the population (ie,
individuals with overweight and obesity who require relevant

support to lose weight and maintain weight loss). By means of
a scoping review, we researched and described overweight and
obesity and their impact on quality of life, stating environmental
and behavioral changeable determinants. We researched and
described the context of the intervention, including contextual
factors, community and setting, and defined program goals.

Step 2: Identifying Objectives
In step 2, we created a logic model of change (Multimedia
Appendix 3) defining specific program outcomes and objectives.
Following the Intervention Mapping protocol, the planning
group worked collaboratively to create a matrix that combined
performance objectives (rows) and relevant changeable
determinants (columns), listing in the cells specific change
objectives. For each change objective, we specified who and
what would change as a result of the proposed intervention,
setting the foundation for the Choosing Health intervention.

Step 3: Intervention Design
Step 3 consisted of generating theory-based program themes,
components, scopes, and sequences. The planning group chose
theories that were relevant to the program and decided to include
5 theoretical themes from a recent theory review of behavior
change maintenance as underpinning the program [33]. On the
basis of the change objectives and determinants identified in
the logic model, we also selected change methods and behavior
change techniques (BCTs) underpinning the program (which
are described in the protocol [36]). Theoretical themes were
then mapped to specific BCTs [40], which are also described
in the trial protocol [36]. For instance, the theoretical theme of
habit formation was supported by specific BCTs such as
performing the same behavior in the same context and adding
cues to the environment (eg, setting reminders to exercise and
putting fresh fruit and vegetables in the lunch pack) so that the
context elicits the behavior. We also selected methods of
delivery of the program (ie, practical applications to deliver
change methods). The planning group chose digital health
delivery via text messages, emails, and an intervention book
(or e-book) to ensure that the proposed intervention was scalable
if proven effective.

Step 4: Intervention Production
The aim of step 4 was to develop and refine the program
structure and organization, preparation of program
materials—including drafting theory- and evidence-based
messages (emails, text messages, and book)—and program
protocols. During this stage, we pretested and refined the
materials through focus groups, expert ratings, and interviews.

Focus Groups
We conducted 4 focus groups (framed as user engagement
workshops, of which 3/4 (75%) were conducted face-to-face
and 1/4 (25%) were held on the web because of the COVID-19
pandemic) between November 2019 and May 2020. The focus
group participants were recruited through Facebook (event
advertisements posted on health-related pages) and through
websites listing local events. They were also advertised through
newsletters (of the university and of local health-related
organizations) and posters placed in community venues and the
university. Representatives of the general population (n=40),
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including some people with overweight (10/40, 25%; 8/10, 80%
women and 2/10, 20% men) and obesity (6/40, 15%; 4/6, 67%
women and 2/6, 33% men), took part in the focus groups to
discuss the project’s rationale, aim, proposed format, and
materials. The focus group participants’ mean age was 31.55
(SD 13.15, range 19-65) years, and 22% (9/40) men and 78%
(31/40) women took part, with most having a high school
education (21/40, 52%) and some having higher education
(11/40, 28% Bachelor of Arts or Bachelor of Science and 8/40,
20% Master of Arts or Master of Science. Their average BMI
was 24.09 (SD 6.26, range 16.94-34.09; 1/40, 2% of the
participants specified their height but not their weight).

The focus group participants assessed and rated the sample
intervention materials to assess their clarity (on a scale of
1=unclear to 10=clear), attractiveness (on a scale of
1=unattractive to 10=attractive), and informativeness (on a scale
of 1=uninformative to 10=informative). They rated some of the
emails (25/96, 25%) and text messages (340/757, 44.9%).
Materials were discussed within the group, and the pros and
cons were elaborated on. The focus groups were audio recorded,
transcribed (by PI), and verified (by IPP), and the transcripts
were analyzed verbatim using the framework method [41] in
NVivo software (version 12; QSR International) [42]. After
familiarization with the transcripts, the first coder (IPP)
generated initial themes and indexed the codes in a preliminary
framework. These codes and preliminary themes were discussed
with the second coder (PI), who independently coded 50% of
the transcripts and provided feedback on the themes. The final
set of themes was generated using an iterative approach, and
all disagreements were discussed with a third researcher (DK)
until a consensus was reached.

Expert Rating
The full set of intervention materials, including 109 emails and
759 text messages, was pretested with psychology, physical
activity, and nutrition experts (n=12). The experts were recruited
through the researchers’ network as well as through web-based
message boards and Facebook groups for professionals with
relevant expertise. The experts were Polish, based in Poland,
and they reviewed materials written in Polish. The experts had
a mean age of 30.42 (SD 10.9, range 24-64) years and were 8%
(1/12) men and 92% (11/12) women; 33% (4/12) had an MSc
in Nutrition, 33% (4/12) had an MSc in Psychology, 25% (3/12)
had an MSc in Public Health, and 8% (1/12) had a PhD in Health
Sciences (including physical activity background). All text
messages were assessed by at least two experts who rated the
content using the same measures as the ones used during the
focus groups to assess content attractiveness and informativeness
and, in addition, emotional reactions (How did it make you feel?
on a scale of 1 indicating negative reactions to 10 indicating
positive reactions).

The experts were asked to assign each text message to relevant
theoretical domains, with clear definitions of each domain
provided (eg, habits, stress, and obstacles). The experts were
asked to indicate their first, second, and third choice for the
domain that the message aligned with. The experts did not have
to have any background in behavioral science to assign messages
to theoretical domains as clear definitions were provided and

examples were given. They also provided additional open-ended
comments if they had any feedback or reflections regarding
specific text messages or emails. The experts completed this
task in a Microsoft Excel form in their own time. The theoretical
domains and definitions of the theoretical constructs were based
on a comprehensive theory review [33].

Interviews
We also asked 11 representatives of the general population (n=6,
55% men and n=5, 45% women; mean age 39.27, SD 16.32,
range 18-72 years) to evaluate the intervention book or e-book
(our program participants had a choice between a physical book
and an e-book). Interviewed participants were recruited through
the researchers’ networks. Each person read through the whole
book and, by means of unstructured interviews (conducted by
IPP), provided feedback on content, comprehensibility,
user-friendliness of the design, and inclusiveness. The key points
from each interview were summarized and noted by the
interviewer, and the book was revised in line with the
suggestions given.

The materials (emails, text messages, and book) were iteratively
revised by 4 members of the project team (IPP, PI, DK, and AJ)
and continuously adapted based on insights from the focus
groups, interviews, and study experts. During the intervention
content development stage (June 2020-August 2020), the core
team (IPP, PI, DK, and AJ) met 11 times; each meeting took 2
to 3 hours, approximately 30 hours in total. The Choosing
Health program protocol, including frequency, intensity, and
sequence, was also discussed and agreed upon. All materials
were developed in Polish and later translated into English and
published on the Open Science Framework website. All study
measures were forward and backward translated [43] if
language-specific versions of the questionnaires were not
available. All questions were adjusted for culture- and
language-specific appropriateness and piloted with Polish
speakers (n=15), with changes made in line with the feedback
received. The project team members (IPP, PI, AJ, and DK) met
3 times (approximately 12 hours in total) to finalize the
translation and adaptation of the questions and measurement
tools for the trial (October 2019-November 2019).

Step 5: Implementation Plan
In step 5, we defined the intervention adaptation,
implementation, and sustainability plan developing matrices
defining change objectives to promote Choosing Health program
adaptation and use. These objectives were operationalized
forming theory-informed plans for intervention adaptation and
implementation [44,45]. Through discussion, the planning group
identified potential program users (adopters, implementers, and
maintainers) considering both the initial program test (RCT)
and if the program was to be widely implemented. Behavioral
outcomes were defined and linked to the behavioral and
environmental determinants. The resulting change objectives
for program use were used to map the intervention for potential
adopters, implementers, and maintainers designing the
intervention implementation plan, which is further described in
the Results section.
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Step 6: Evaluation Plan
In the final step, we planned how to best evaluate the program
effects, costs, and processes. A specific evaluation plan was
developed by the core planning group, and the trial protocol
was published [36]. We defined the mechanisms of intervention
effectiveness informed by the previous Intervention Mapping
steps. Following the Intervention Mapping protocol [20], we
listed the effect, cost, and process evaluation research questions
that are listed in the protocol [36]. We developed indicators and
measures of success by defining study measures, measurement
points, and thresholds for effectiveness based on the previous
literature [17]. The intervention is currently ongoing through
an RCT with an embedded N-of-1 study and ongoing cost and
process evaluations.

Ethics Approval
Ethics approval was granted by the Faculty of Psychology,
SWPS University of Social Sciences and Humanities, Poland
(approval 03/P/12/2019).

Results

In this study, we used the Intervention Mapping approach
following the aforementioned steps (Multimedia Appendix 1).
In step 1, a needs assessment was used to define the
problem—namely, high levels of obesity and overweight in
Poland (reaching >53.3%) [39,46] and the need to design
effective, cost-effective, and scalable programs that can support
people in weight loss and subsequent weight loss maintenance.
The impact on quality of life was prominent, with people with
overweight and obesity reporting lower physical and mental
health [39,46]. Several environmental and behavioral
determinants were described and listed, including limited access
to weight loss programs, the high cost of weight loss programs,
obstacles to accessing healthy foods (eg, perceived as more
expensive than unhealthy foods), and obstacles to engaging in
physical activity (eg, perceived lack of time and limited access).
Contextual factors included personal, family, work, and broader
community influences, which could both enable and hinder
behaviors conducive to weight loss and weight loss maintenance.
The variety of determinants and contexts that needed to be
considered pointed toward the need for a highly personalized
and cost-effective program.

In step 2, the program’s objectives were specified—namely, to
develop a program that could support self-guided personalized
weight loss, including behavior changes in physical activity,
nutrition, and prompting psychological changes (in motivation,
habits, self-regulation, resources, and context). The list of
combined performance objectives and relevant changeable
determinants included the following: individuals who complete
the program will need to complete 2 key phases to lose weight
and maintain weight loss. First, we need to learn about their
individual predictors of weight loss and weight loss maintenance
(therefore, we will encourage program users to self-monitor
their determinants—theory-based constructs including
motivation, habits, self-regulation, resources, and context).
Subsequently, we will intervene on the strongest predictors of
behavioral outcomes, providing relevant intervention content.
For each determinant, we mapped the corresponding theoretical

explanations and techniques [36]. We predicted that there are
several changeable determinants that are relevant to each
program user; however, each user is likely to have a different
profile of determinants that are the most predictive of weight
change and maintenance.

In step 3, techniques fitting the problem and objectives were
chosen. On the basis of theory and evidence, we divided our
intervention into 5 conceptual domains (maintained motivation,
habit, self-regulation, resources, and environmental influences)
and, within these domains, suitable BCTs were identified [36].
For instance, to support habit formation, we prompted rehearsal
and repetition of the behavior in the same context so that the
context elicited the behavior. We mapped out BCTs to each
domain and operationalized them in intervention materials,
including text messages, emails, and e-book.

In step 4, we conducted focus groups to refine the intervention
content. A total of 40 participants took part in the focus groups,
and the key themes discussed were analyzed and divided into
2 groups of themes: intervention content and form of program
delivery. The first theme had three main subthemes: (1) the
participant being an active agent in the change process, (2)
inclusivity of the information provided, and (3) problem-solving.
The second theme also had three main subthemes: (1) ensuring
that the content was informative, (2) unambiguity of the
provided information, and (3) including direct actionable
messages. In Table 1, we include lessons learnt from the focus
groups in relation to intervention content and form and direct
quotes from focus group participants that align with different
themes and subthemes.

The focus group participants’mean scores for the proposed text
message content were relatively high on a scale of 1 to 10 (mean
8.38; clarity mean 9.27, SD 1.32; attractiveness mean 8.48, SD
1.24; informativeness mean 8.6, SD 1.33); higher scores
reflected positive results, and lower scores reflected negative
results for each category. These findings were corroborated in
the focus group discussions (Table 1).

Experts rated the quality of the text messages as moderately
high (mean 7.21; positive emotions mean 6.95, SD 1.41;
attractiveness mean 7.23, SD 1.38; informativeness mean 7.47,
SD 1.61). All text messages rated below an average of 4.5 across
all categories were excluded or adjusted, and text messages that
did not fit specific themes were reallocated or adjusted. In total,
we excluded 3.7% (28/759) of text messages and 0.9% (1/109)
of emails that were considered inappropriate or scored low
overall.

In step 5, we identified potential program users as adults with
overweight and obesity living in Poland. Initial program users
were individuals living in Wroclaw and nearby areas as the
initial test of the program (via RCT) required face-to-face
assessments to objectively measure weight. Implementers of
the program initially included the researchers involved in the
program development and research assistants. Future program
implementers and maintainers (if the program is proven
effective) could include representatives from the government,
health care representatives recommending the program, and
community representatives. One of the routes to intervention
implementation that we are assessing now is wide
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implementation through the program partner Lifestyle Medicine
[47,48]—an organization that provides medical training for
health care practitioners educating them on the principles of
behavior change and advocating to promote health behavior
change in patients and minimize the overmedicalization of
people with overweight and obesity. If the intervention is
effective, it could contribute to lowering overweight and obesity
rates in Poland, resulting in health improvements and cost
savings.

In step 6, we generated a plan for cost, effect, and process
evaluations. Currently, the program is being evaluated through

an RCT assessing between-group effects (intervention vs
control), and it is also being evaluated within people looking at
the trajectories of change investigated through EMA using an
N-of-1 design and inferential tailoring [36]. The resulting
program is evidence-based, delivered through technology (text
messages, email, and book), and tailored to each participant
based on the data gathered through EMA. The evaluation plan
follows the principles of process evaluation defined by the
Medical Research Council (United Kingdom) following the
guidelines for developing and evaluating complex interventions
[37].
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Table 1. Lessons learnt for the Choosing Health program and for other intervention developers from the focus groups undertaken (N=40)a.

Example quotesLessons learnedTheme and theme description

Intervention content

The participant being an active agent in the
change process: study participants much preferred

• Condescending, stereotypical, and negative
messages were unacceptable: “Not everyone

• Study participants need to be
treated as equal partners in the

the messages that treated them as experts in their who carries extra kilograms sits nonstop in frontbehavior change and behavior
own behavior change. Any messages that could of the TV and eats crisps. We can’t speak tomaintenance process.
come across as condescending or coming from them [intervention users] as if they did not have• Understanding of personal needs

and preferences is key to provid-the perspective of a “teacher” or a person who a clue that a week without the TV or a week
“knows it all” or “knows better” were considered
inappropriate.

without crisps is possible. The worse thing we
could do is to look down on them.” [Participant
14, woman, aged 24 years, BMI 29]

ing useful intervention content.
• Each message needs to contain

elements of flexibility (the partic-
ipant may want to take the sugges- • Intervention aims should be personalized and

defined with the study participants: “I wouldtion on or not; they do not need to
follow the suggestions fully). simply ask what are the intentions of this person,

what exactly motivates them? Why are they
taking part in your program? Probably they want
to lose weight but you need to understand other
factors too...” [Participant 7, woman, aged 30
years, BMI 20]

• To many participants, the provided information
was not new and often complemented what they
already knew and what they had already experi-
enced: “From my own experience I can say that
the feeling of hunger is just so personal. I had
to relearn to understand when I’m hungry, when
I’m full and when I’ve totally overeaten. Since
childhood I was ‘trained’ to eat like a horse, to
just feel more than full. I had to relearn to eat
till I’m almost full, so I feel slightly unsatisfied.
Some people still need to learn it and work on
it.” [Participant 9, man, aged 47 years, BMI 20]

• People’s levels of motivation and motivation
sources vary, and interventions need to account
for that: “Social support is very important but
if other people don’t want to support me, they
should at least not criticise my choices. I look
for support or at least lack of criticism of what
I do. Maybe other people find it helpful to be
criticised, for me, I find it really demotivating.”
[Participant 9, man, aged 47 years, BMI 20]

• All messages suggesting that physical activity
needs to be chosen in line with personal prefer-
ences were rated positively: “I really get on
board with this, I really like that you suggest
that physical activity doesn’t need to be forced,
and that I can just pick whatever I like, as long
as I am active.” [Participant 39, man, aged 39
years, BMI 25]

• Most messages need to give the participant some
options and choices. The participants prefer to
choose what fits their lifestyle and preferences:
“I love this message—I like that you say that
there is not one type of food that makes some-
one feel better—one person may like nuts, other
one may prefer fish, I just really like how you
pointed out that this is all personal.” [Participant
38, man, aged 65 years, BMI 30]
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Example quotesLessons learnedTheme and theme description

• Participants who did not have close family or
lived far away from their family felt excluded
when reading the messages pointing toward fun
social family activities: “Someone who I don’t
actually even know, writes to me and says hug
a family member, and I’m alone, I do not have
any close family, I would get so p***** off,
and sorry to phrase it like that, but I would just
not continue with this.” [Participant 32, woman,
aged 44 years, BMI 28]

• The person’s identity needs to be
considered when defining interven-
tion content.

• The information provided needs
to be inclusive, especially when
discussing social support.

Inclusivity of the information provided: it was
important to tailor messages so that they fit in
with people who are of different socioeconomic
statuses or different personal circumstances, prefer
different leisure activities, and have different
health statuses and professions.

• Participants appreciated messages that empha-
sized their psychological resources and construc-
tive ways of using self-motivation: “The mes-
sage I really, really like is this one: ‘Think about
the day when you decided to join Choosing
Health program! What motivated you to join?
Note down thoughts that you had then.’ I really
liked this message coz people often undertake
challenges and then half way through they forget
why they actually doing it. The motivation is
gone, and sometimes it’s enough to just remind
someone why are they doing it. Remembering
your past success, can really reinforce your
motivation and help you look more positively
towards the future.” [Participant 24, woman,
aged 24 years, BMI 26]

• The messages that described unpleasant situa-
tions, evoked negative emotions, and reminded
the participants of some negative past events
but did not include any actionable solutions that
needed to be avoided: “Imagine, I’m in a good
mood, having a really good day, everything
going well and then I’m getting one of your
messages, this one, it says ‘consider what’s
causing stress in your life and think about how
you could tackle it and change it’—So now
what? I’m doing my exercise, drinking water,
I eat healthily and now what? I’m stressing
thinking oh dear God...my husband, all the debt
I have...” [Participant 29, woman, aged 34 years,
BMI 28]

• The participants rated positively the messages
that encouraged them to self-monitor and
pointed them toward the strategies that they
could implement immediately to improve: “I
really like these messages that said that I should
write down certain things, note what motivates
me, and note what my goals are. That was great,
a systematic way of doing things, if I write it
down, I will remember it. If I read your text and
I’m on the go, I may remember it but I may
not...” [Participant 30, woman, aged 37 years,
BMI 21]

• People usually knew what the
negative consequences were, and
they did not need to be reminded.

• They needed constructive sugges-
tions for how to best problem
solve.

• Messages based on fear and nega-
tive emotions were considered
unhelpful.

Problem-solving: study participants wanted to re-
ceive positive messages that motivated them to
problem solve. The superficial approach of “it’s
all good” and “you can do it!” was not perceived
as helpful. The participants needed some acknowl-
edgment that weight loss is not easy and often
comes with barriers and difficulties.

Intervention form
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Example quotesLessons learnedTheme and theme description

• It is important that the participants learn some-
thing new that they did not know before: “I re-
ally liked it because the information provided
was interesting and some of it was surprising
for me, especially when you elaborated on dif-
ferent causes of stress. It was clear, it made me
feel good, I simply learnt new information.”
[Participant 36, woman, aged 25 years, BMI 17]

• People want to read evidence-based information:
“Some of the messages were just too simple. I
don’t want to sound big-headed but for me that
was just way too simple. I would add (to the
emails) at least few lines describing some
background evidence, at least something show-
ing that it’s actually based on scientific evi-
dence.” [Participant 26, man, aged 24 years,
BMI 20]

• The intervention should encourage them to learn
more: “Maybe you could encourage people to
be more conscious and to learn more: ‘Check
if what you think is healthy, is actually healthy
and good for you?’ [...] A while ago I went to
the shops, I had some time and I saw minced
meat. I usually don’t buy that type of meat, and
then I read what’s on the label, and I couldn’t
believe it! [...] Maybe you could consider that
people need to seek to educate themselves a bit
more.” [Participant 21, woman, aged 34 years,
BMI 34]

• The intervention should include valuable mes-
sages without sounding superficial: “I just have
a general suggestion—for me messages that in-
clude phrases ‘healthy food,’ ‘balanced diet,’
‘balance’sound a bit superficial, as people don’t
really know what that means.” [Participant 26,
man, aged 24 years, BMI 20]

• Explaining psychological and physiological
mechanisms related to weight loss was always
welcome, especially if communicated in a clear
way (but only in emails as SMS text messages
were perceived as too short to clearly communi-
cate the meaning and dependencies): “I was
positively surprised to read the email ‘What
stress actually is?’ [...] This message had a lot
of important, easy to digest info, stress is so
common these days so I was glad to read more
on this topic.” [Participant 36, woman, aged 25
years, BMI 17]

• Psychological evidence was expected, and the
participants wanted to learn more about the
mechanisms of action and behavior change
techniques: “So where are all the psychological
aspect here? You say monitor eating to not
overdo it, but how am I meant to do that?!”
[Participant 32, woman, aged 44 years, BMI 28]

• Just the fact that participants re-
ceive messages may be motivat-
ing, but this motivation is not
long-lived if the content is not in-
formative.

• To maintain participants’ engage-
ment, they need to receive evi-
dence-based, state-of-the-art, en-
gaging, and original content.

• People do not want to be overload-
ed with the information.

Ensuring that the content is informative: the par-
ticipants really appreciated the fact that the inter-
vention was evidence-based. The expectations
were high in terms of providing the most recent
psychological knowledge. The participants wanted
to receive fresh and novel content, and they
wanted to develop their own knowledge.

• The participants did not perceive it helpful when
healthy eating, physical activity, education, and
social support were all mentioned in one mes-
sage: “For me it is problematic that you talk
about healthy eating and physical activity.
Someone may be concentrating hard on eating
healthily but not really on improving physical
activity. [...] I would probably just emphasize
one or the other as tackling both at the same
time is hard.” [Participant 7, woman, aged 30
years, BMI 20]

• When the message includes multi-
ple topics, it is more difficult to
understand, reflect on, and imple-
ment.

Unambiguity of the provided information: mes-
sages should have a clear meaning and preferably
cover only 1 topic at a time.
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Example quotesLessons learnedTheme and theme description

• Participants did not appreciate “mental short-
cuts,” and every change of topic in the message
had to be clearly announced to them: “This
message about feeling grateful—I completely
don’t get what’s the relationship between feeling
grateful and losing weight or improving health.”
[Participant 38, man, aged 65 years, BMI 30]

• Idioms and messages including humor were
negatively received. Losing weight and main-
taining weight loss are often perceived as sensi-
tive topics, and the use of humor is often consid-
ered inappropriate: “...again you are using an
idiom here—and I’m fairly sure that not every-
one is able to understand it in this context.”
[Participant 40, man, aged 65 years, BMI 32]

• Study participants preferred di-
rect, clear, and actionable mes-
sages.

Including direct actionable messages: participants
did not appreciate idioms or references to litera-
ture, culture, or pop culture. The use of humor
was controversial and had very diverse reception.

aInterview data were analyzed with the aim of improving intervention content and form (ie, look and feel, intensity, and sequence) so that the main
themes were predefined before the analysis process. The subthemes emerged from the discussions and data analysis.

Discussion

Principal Findings
The overall aim of this Intervention Mapping study was to
inform the Choosing Health weight loss program by applying
existing theory, evidence, and principles of public engagement
throughout the planning process. The Intervention Mapping
protocol steps were closely followed to ensure that the
intervention was useful, user-friendly, and designed with the
users to ensure the clarity, attractiveness, and positive reception
of the proposed program. The focus groups, expert consultations,
and interviews showed that the program content and proposed
format were rated highly, and the elements that did not meet a
specific threshold (4.5 out of 10) were adjusted in line with
feedback or omitted. Active involvement of individuals from
the target group of the Choosing Health intervention—namely,
people with overweight or obesity—enabled the specification
of the key needs and wants of the recipients of the intervention.
The materials were produced iteratively and sequentially, and
the mode of delivery was thoroughly discussed with the potential
users to ensure the feasibility of the proposed program.

In relation to the intervention content, the main results were
that program participants need to be actively involved in the
change process, which aligns with theory [49] and previous
interventions [50]. The information provided needs to be
inclusive and encourage the participants to actively problem
solve while they are changing their behavior and maintaining
it in the long term [51]. In terms of the format of the program,
the key results were that it needs to be informative and
unambiguous and include direct and actionable messages,
aligning with other recommendations for the development of
health behavior change programs [52,53]. Previous studies that
also gathered EMA data on daily predictors of weight loss [16]
did not use inferential tailoring to provide health behavior
change advice and information. This will be the first study that
uses longitudinal data to then provide tailored support.

This study has several strengths. The key strength is the use of
the thorough and rigorous Intervention Mapping protocol that
served as a tool and provided us with vocabulary to

comprehensively map out and plan the proposed intervention
[20]. Designing interventions iteratively with the users and using
a variety of study methods ensures that the interventions have
high ecological validity [54]. The intervention was designed by
the core group (the study authors) in close collaboration with
public representatives and field experts (eg, nutritionists and
physical activity experts) to increase the ecological validity of
the proposed program. Engaging the target audience in the
intervention design ensures that the programs are suitable and
useful and that they target relevant determinants [55]; it also
ensures that we account for diversity in the participant
population [56]. The intervention content was designed to be
tailored to specific theoretical domains that were predictive of
effects (that will be assessed by participants through EMA to
define the strongest predictors of outcomes). We consulted the
experts and asked them to allocate each element of the
intervention content to a specific theoretical domain to ensure
that the content fits the theoretical domains. This validation
ensured that we targeted the correct determinants that are the
strongest predictors of outcomes for each individual.

The study limitations include lack of involvement of some key
stakeholders in the planning group. Namely, representative
policy-makers from the local or national government and IT
did not participate in the planning group. To ensure scalability
and long-term maintenance of the proposed program, it would
need to be integrated with existing intervention programs or
policies operating within the health care system or local
communities [57,58]. The planning group met with
representatives from the Ministry of Health of Poland, who
initially expressed support to promote the project and implement
it at a national scale if proven effective through the nationwide
health care and health promotion website [59]. However,
following structural and personnel changes in the national
government, the plan was no longer feasible to implement.
Liaising with the Ministry of Health during the COVID-19
pandemic also proved difficult. Other studies and health
promotion programs emphasize how valuable it is to engage
policy-makers in the intervention development and
implementation processes [57,58], and we are hoping to
meaningfully engage with them in the future. To scale the
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intervention (if effective) and make it accessible to people in
Poland, a national body (government and health care sector)
needs to endorse the intervention and embed it within the
existing support structures. The COVID-19 pandemic has
emphasized the need for self-guided remote support to improve
health.

The proposed intervention has specific components that combine
different technology aspects—data harvesting via EMA,
automated text messaging, automated emails, and book;
therefore, this intervention could further benefit from the active
involvement of technology developers, data scientists, and
computer programmers. The researchers working on the project
designed the technology interface using existing components
(eg, automated messaging systems). However, to further enhance
the scalability of the intervention, the engagement of computer
scientists would allow us to implement more sophisticated data
analytics and intervention setup methods. Future interventions
need to include automated machine learning algorithms that
would allow for the analysis of data in real time and automated
setup of the intervention to improve efficiencies and reduce the
resources needed [60,61]. Machine learning is a valuable and
increasingly necessary tool for health promotion and for the
modern health care system [62], and it should be applied in
future personalized interventions.

In Poland, the prevalence of overweight and obesity is higher
in men than in women (46.8% vs 32.2% for overweight,
respectively, and 20.1% vs 18.1% for obesity, respectively);
however, the sample recruited for the focus groups comprised
predominantly women (31/40, 78%) and a predominantly normal
weight BMI category (24/40, 60%). In the ideal scenario, most
of the focus group participants would have been men, and most
or all participants would have been overweight and obese.
Specific challenges, including social stigma and stereotypes
associated with dieting and weight loss programs, played a role
in recruiting a more representative sample of the user population.

However, we have explored whether there are any differences
among the opinions and feedback given by men and women
and also by people who fall into BMI categories below and
above 25, and we have not found any pronounced differences.

The key take-home messages from our Choosing Health
Intervention Mapping study were (1) involving several types
of stakeholders as early as possible in the Intervention Mapping
process, (2) iterating the intervention with various groups of
stakeholders and learning from the incoming evaluation data,
and (3) allowing for flexibility in health promotion programs.
As the intervention was designed to be delivered on the web,
the COVID-19 pandemic did not have an impact on the delivery
of the intervention; however, it has affected study data collection
that was initially intended to be conducted face-to-face. In
addition, one of the focus groups had to be conducted on the
web. Several research teams working worldwide are facing
similar challenges, and specific technology solutions are being
developed to support these teams in data collection during the
pandemic [54,55]. Currently, developing health promotion
programs that can be fully delivered on the web is important
and needed.

Conclusions
We developed a comprehensive weight loss and maintenance
intervention targeting important behavioral and contextual
determinants. The development of the intervention followed
comprehensive steps of the Intervention Mapping process and
was grounded in theory and relevant literature. Future evaluation
studies will investigate the program effectiveness,
cost-effectiveness, and process and further analyze the relevance
and utility of the specific program components. The findings
from this study may be particularly useful for other intervention
developers who are also planning to design and implement
personalized digital health weight loss interventions targeting
behavioral nutrition, physical activity, and health behavior
change.
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Abstract

Background: Patient education is recommended as an integral part of disease management in ankylosing spondylitis (AS), a
chronic rheumatic disease that predominantly affects young males and requires long-term disease management. Convenient and
cost-effective approaches to deliver patient education are required to these patients.

Objective: This study aimed to examine the effects of a theory-based educational intervention delivered through a social
networking app, WeChat, on disease knowledge, self-efficacy, exercise adherence, and health outcomes in Chinese AS patients.

Methods: This study was a single-blind randomized controlled trial conducted in a tertiary hospital in Chengdu, China. Eligible
participants were randomly allocated to the intervention or control group. Participants in the control group received standard care.
The intervention group received the health belief model (HBM)-based educational intervention, consisting of 4 individual
educational sessions and educational information sharing through WeChat, the predominant social networking app in China. The
primary outcomes were disease knowledge, self-efficacy, and exercise adherence. The secondary outcomes were disease activity
and physical function. Data were collected at baseline and at the end of the intervention (12th week). Chi-square test, t test,
Mann-Whitney U tests were used to examine the effects of educational intervention.

Results: This study included 118 patients with AS. The majority of participants were male (93/118, 78.8%). Around half of
them were married (56/118, 47.5%), never smoked (70/118, 59.3%), and had college educational level or above (62/118, 52.5%).
At posttest, participants in the intervention group had higher disease knowledge (all P<.001) and self-efficacy (P<.001), and a
larger proportion of participants in the intervention group adhered to regular exercise routines than those in the control group
(P=.003). The within-group analyses for the intervention group showed increases in all scores of disease knowledge (all P<.001)
and self-efficacy score (P<.001), but only correct answer score (P=.04) and general knowledge score (P=.002) of disease knowledge
in the control group improved. The within-group analysis for the control group found a decline of physical function (P=.002) but
no significant change in disease activity (P>.05). The within-group analysis for the intervention group showed no significant
change in disease activity or physical function (P>.05). At posttest, no statistically significant difference was found on disease
activity or physical function between the intervention and control groups (P>.05).

Conclusions: The HBM-based educational intervention through WeChat can effectively improve patient disease knowledge,
self-efficacy, and exercise adherence. WeChat is feasible and effective to deliver patient education for patients with chronic
diseases such as AS. This mHealth intervention can be integrated into routine rheumatology care.

Trial Registration: Chinese Clinical Trial Registry ChiCTR-IPR-16009293; https://tinyurl.com/swxt8xk7
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Introduction

Background
Ankylosing spondylitis (AS) is a chronic rheumatic disease
characterized by inflammatory back pain, morning stiffness,
and reduced physical function that requires long-term
management [1]. Regular disease management, including
pharmacological therapy and exercise, is essential to control
disease and prevent progression of the disease [1,2]. The
inflammatory back pain and morning stiffness of AS patients
improves with exercise but not with rest or inactivity [3].
Evidence reveals that exercise (such as stretching or aerobic
exercise) can improve health outcomes, including pain, morning
stiffness, and physical function, and the effects of exercise
depend on patient adherence [4,5]. Exercise adherence refers
to the extent to which people undertake the prescribed exercise
from health care providers [5]. However, AS patients face severe
challenges during disease management, such as lack of
knowledge about the disease and nonadherence to medication
and exercise [6-8]. Lack of knowledge about AS is a barrier to
exercise and medication adherence [8]. Lack of exercise
adherence negatively influences health outcomes among AS
patients [8].

Patient education comprises educational activities designed to
influence patient knowledge and health behaviors, enable
patients to manage their disease, and optimize health outcomes
[2,9]. Ndosi et al [10] revealed that patient education should
aim at improving patient self-efficacy since self-efficacy is a
predictor of health behaviors and health outcomes. Self-efficacy
is defined as an individual’s confidence in performing a specific
behavior [11]. Previous studies indicated that patient education
can increase disease knowledge, self-efficacy, and adherence
in arthritis patients [10,12,13]. However, only several published
studies explored the effects of patient education among AS
patients [14-20]. These interventions mostly reported small
sample sizes, the lack of theoretical basis, and found limited
effects on self-efficacy and adherence, and inconsistent results
on health outcomes (eg, disease activity, physical function)
[15-20]. The intervention delivery methods of many previous
studies relied heavily on face-to-face interactions, which can
be difficult due to travel restrictions, time constraints due to
any number of factors, and costs of missing work [18,21].

Mobile health (mHealth) interventions can deliver timely health
service and overcome the obstacles of time, distance, and cost
[22]. The wide use of mobile phones has increased the
possibility of delivering through health-focused interventions
via apps [23]. In recent years, WeChat has been the most popular
social networking app in China, with over 1 billion monthly
active users [24]. WeChat can offer free message, voice/video
calls, and enhance effective communication and information
sharing [23,25]. WeChat has been used as a tool for educational
interventions in patients with cancer, hypertension, coronary
heart disease, and these studies reported positive effects

[23,26-29]. Evidence revealed that AS patients need available
education through phones and apps [30]. However, there is little
evidence of an educational intervention through WeChat for
AS patients.

AS patients may benefit from effective theory-based
interventions to improve health behaviors and health outcomes
(eg, disease activity, physical function). The health belief model
(HBM) is developed to explain how to change health behaviors
and focuses on an individual’s likelihood of engaging in healthy
behaviors [11,31]. Previous studies revealed that the HBM is
effective in developing interventions to change an individual’s
beliefs and healthy behaviors in cancer, pulmonary tuberculosis
patients [32,33]. However, this theory has not been used to
develop an educational intervention for AS patients.

Objectives
Based on these findings, a randomized controlled trial for AS
patients was conducted and aimed to compare patient outcomes
in a theory-based mHealth intervention via WeChat with
standard care. Results regarding quality of life, depression, and
selected clinical outcomes have been published elsewhere [34].
This paper describes the primary outcomes of this intervention,
including disease knowledge, self-efficacy, exercise adherence,
disease activity, and physical function. We hypothesized that
the HBM-based mHealth intervention would improve the disease
knowledge, self-efficacy, exercise adherence, physical function,
and control disease activity of AS patients.

Theoretical Framework
The key constructs of HBM consist of perceived susceptibility,
perceived severity, perceived benefits, perceived barriers, cues
to action and self-efficacy [11,35]. In HBM, health behaviors
are based on people’s perceptions of susceptibility to and
severity of health problems, barriers and benefits to enacting
health behaviors and cues to action [31]. Self-efficacy can
improve the efficacy of the model, and change subsequent health
behaviors [11]. This intervention helped patients understand
the severity of AS and provided strategies for managing their
disease in order to improve self-efficacy, healthy behaviors,
and achieve better health outcomes. We applied the theory to
the AS intervention by using the constructs to guide the design
of the intervention and match the intervention elements to the
hypothesized outcomes. The primary goals of patient education
are to transfer knowledge about disease and improve health
behaviors [9]. Exercise adherence is a crucial health behavior
related to AS patients, and self-efficacy is a predictor of health
behaviors. This educational intervention was designed to explore
short-term effects. Thus, we selected disease knowledge,
self-efficacy, and exercise adherence as primary outcomes while
health outcomes (ie, disease activity and physical function) were
secondary outcomes.
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Methods

Study Design
This study was a single-blinded randomized controlled trial
conducted from March to December 2017. Written informed
consents were obtained from all participants (legal guardians
of participants under 18 years provided written informed
consent) after they had received information about the study
protocol.

Sample Size Calculation
The sample size was determined by self-efficacy score based
on our pilot trial, in which standard deviation was 1.47 and
mean difference between the two groups was 0.86. With a power
of 0.80 and α=.05 (2-sided), each group required 47 participants.
The final sample size was 114, allowing a 20% dropout.

Ethics Approval
The study was registered at the Chinese Clinical Trial Registry
[ChiCTR-IPR-16009293], conducted in accordance with the
Declaration of Helsinki, and approved by West China Hospital
Medical Ethics Committee (ID: 20160364).

Participants and Recruitment
The Department of Rheumatology and Immunology from a
tertiary hospital in a large city, serving a population of
Southwest China, was the site of recruitment. Potential
participants were recruited via convenience sampling during
their routine care. Participants were included if they (1) were
diagnosed with AS according to the Modified New York
Classification Criteria for AS, (2) were aged 14 years or older
(participants under 18 years need written informed consent
signed by legal guardians), (3) could speak and understand
Chinese, (4) could use WeChat and had a WeChat account, and
(5) were willing to participate in this randomized controlled
trial study. We excluded participants if they (1) had severe
cognitive or mental problems (comprehension or expression
problems, using psychotropic drugs), (2) had other rheumatic
diseases, or (3) were participating in other research programs.

Randomization
To ensure participant assignment was truly randomized without
human bias, a well-trained study coordinator generated a random
allocation table in Excel (version 2010, IBM Corp). Before
recruiting participants, the study coordinator placed randomized
numbers in sealed opaque envelopes. Participants selected an
envelope at random. Based on the selected number, participants
were allocated to the intervention or control group. The
researcher who collected the data and study coordinator who
generated the random allocation table were blinded to group
allocation.

Intervention

Control Group
Patients in the control group received only standard care,
including basic health advice appropriate for AS patients.

Standard care was provided to the participants (including legal
guardians of participants under 18 years) after they were
recruited and completed the baseline assessment at the
Department of Rheumatology and Immunology. Basic health
advice was given in person by a nurse, and paper handouts were
provided to the participants for their own education.

Intervention Group
The intervention group received the 12-week theory-based
educational intervention delivered by WeChat plus standard
care. The research team developed the educational intervention
based on the HBM, a literature review of other social
media–based interventions, expert consultation, and a pilot
study. Finally, we identified the core content and corresponding
HBM construct: basic knowledge of AS (perceived severity of
disease, perceived susceptibility), medication (perceived benefit
of preventive action), exercise (perceived benefit of preventive
action), daily life management (perceived benefit of preventive
action, cues to action), psychological support (perceived barriers
to preventive action, supporting perceived self-efficacy), and
self-assessment (perceived barriers to preventive action, cues
to action; Table 1).

In the baseline assessment, we added participants as friends in
WeChat and taught them how to use WeChat. The intervention
consisted of 2 parts: online individual education sessions and
educational information sharing. The first part included 4
individual educational sessions via WeChat video/voice calls
on the 2nd, 4th, 8th, and 12th week. Each session was conducted
for 20 to 30 minutes. Researchers contacted participants via
telephone calls if they were absent from WeChat intervention
sessions for 3 times. During the calls, research nurses built
trusting relationships with participants, exploring their needs,
problems managing disease, and psychological concerns. The
nurses then used storytelling to illustrate potential severity.
Nurse coaching during the calls helped the patients to establish
cues to action to exercise, take medications, and promote health
behaviors. The nurses used nurse coaching, verbal persuasion,
and peer experience to address mood changes and support efforts
toward self-efficacy. They taught participants how to assess
their health conditions using validated instruments. They also
encouraged self-efficacy by highlighting positive changes and
helping patients manage self-doubt when lapses occurred.
During the individual educational sessions, the nurses assessed
participant knowledge about AS, problems, and health behaviors
(eg, taking medication, exercising) related to AS, so the nurses
could ensure whether the intervention positively influenced the
target themes (eg, basic knowledge, medication) and provide
targeted education. The second part consisted of selected
pictures, videos, and articles on the WeChat public account
about the core content of the intervention. The nurses sent links
to online information once a week to participants. Moreover,
participants could chat with the nurses at any time when they
encountered problems with disease management.
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Table 1. Content of the theory-based mobile health intervention.

MethodHBMa constructContentTheme

Causes, pathogenesis, clinical symp-

toms, treatment, prognosis of ASb
Basic knowl-
edge

•• One-to-one WeChat call: using storytelling to
illustrate potential severity

Perceived severity of disease and
its impact on future

• •Perceived susceptibility to in-
creasing limited mobility

Linking to online information about AS basic
knowledge

Treatment goals, importance of taking
medication, medication management
at home, side effect management,
how to use a reminder for medication
taking

Medication •• One-to-one WeChat call: using nurse coaching
to highlight the benefit of medication taking

Perceived benefits of preventive
action to maintain current status

• Linking to online information about medication
adherence

Benefits of exercise, exercise type and
intensity, helping reduce the obstacles
to exercise, how to exercise at home

Exercise •• One-to-one WeChat call: using nurse coaching
to highlight the benefit of exercise regularly

Perceived benefits of preventive
action

• Online video
• Linking to online information on how to exer-

cise

Physical posture, sleep instruction,
diet, joint protection, quit smoking,
etc

Daily life man-
agement

•• One-to-one WeChat call: using verbal persua-
sion and nurse coaching to highlight perceived
benefits of healthy behaviors

Perceived benefits of preventive
action

• Creating cues to action
• Linking to online information on daily life

management

Psychological management strategies,
providing patients with psychological
support

Psychological
support

•• One-to-one WeChat call: using nurse coaching,
verbal persuasion, and peer experience to sup-
port efforts toward self-efficacy

Supporting perceived self-effica-
cy to manage disease

• Overcoming perceived barriers
to preventive actions

Teaching patients how to assess dis-
ease activity, function, and psycholog-
ical status, etc

Self-assessment •• One-to-one WeChat callCreating cues to action
• •Overcoming perceived barriers

to preventive action
Sending online information on validated instru-
ments

aHBM: health belief model.
bAS: ankylosing spondylitis.

Measures

Demographic Information
Participant demographic data included age, gender, marital
status, educational level, income, medical insurance, smoking
status, and disease duration.

Primary Outcomes
Primary outcomes included disease knowledge, self-efficacy,
and exercise adherence. Disease knowledge refers to the level
of knowledge about AS in patients with AS [36]. In this study,
patients’ level of knowledge of AS was assessed by the
Assessment of Knowledge in Ankylosing Spondylitis Patients
[37]. This instrument is divided into 4 areas: (1) general
knowledge, etiology, symptoms, blood tests; (2) B27 antigen
and inheritance; (3) drug treatment and physical therapy; and
(4) joint protection, pacing, and priorities. The instrument has
14 questions with 72 potential answers, but only 25 answers
are correct. The correct answer score (maximum possible=25)
is obtained by giving 1 point to each correct answer, and the
correct item score (maximum possible=14) is obtained by giving
1 point to each question with all the correct answers [36]. Higher
scores indicate higher levels of knowledge about AS. Cronbach
alpha of this instrument was .729 in this study.

Self-efficacy is defined as an individual’s confidence in
performing a specific behavior [11]. In this study, self-efficacy
was measured using the Arthritis Self-Efficacy Scale–8
(ASES-8) [38]. ASES-8 included 2 items for pain subscales, 4
items from other symptoms subscales, and 2 items that related
to keeping pain and fatigue from interfering with things the
patients want to do [39]. The final score is 0 to 10, with higher
scores indicating higher self-efficacy. ASES-8 had good
reliability, validity, and adaptability in arthritis patients [38,40].
Cronbach alpha of ASES-8 in this study is .913.

Exercise adherence refers to the extent to which people
undertake the exercise prescribed by health care providers [5].
In this study, adherence to exercise was examined using a
self-reported statement as used in previous studies [16,41]:
frequency of exercise per week (0, occasionally, 1-2 days, 3-4
days, 5-6 days, daily).

Secondary Outcomes
Disease activity and physical function reflect the main aspects
of health outcomes among AS patients. Disease activity was
measured by the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) [42], a patient-reported scale to assess the
severity of major symptoms (fatigue, spinal pain, joint pain and
swelling, areas of localized tenderness, and morning stiffness)
in AS patients. Physical function was measured by the Bath

J Med Internet Res 2022 | vol. 24 | iss. 10 |e38501 | p.364https://www.jmir.org/2022/10/e38501
(page number not for citation purposes)

Song et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Ankylosing Spondylitis Functional Index (BASFI) [43], a
patient-reported scale to assess patient function (eg, bending,
reaching, changing position) and the ability to cope with
everyday life. The final BASDAI and BASFI scores ranged
from 0 to 10, with higher scores indicating higher disease
activity and worse physical function; Cronbach α=.740
(BASDAI) and α=.956 (BASFI).

Data Collection
Data were collected at baseline and the 12th week. If participants
had difficulty in reading or writing, the researcher would help
them complete questionnaires. Baseline data were collected
from participants and medical records. The posttest data were
collected from participants when they came to the rheumatology
clinic for routine care or through an online survey platform [44]
or through telephone/WeChat call.

Statistical Analyses
Data were analyzed using SPSS (version 22.0, IBM Corp)
software. An intention-to-treat principle was used for analyses,

and the last observation carried forward method was used for
missing data assessment. Data were described as mean and
standard deviation, median and interquartile range, and
frequency and percentage. Independent sample t test,
Mann-Whitney U test, and chi-square test were used to compare
data between the intervention and control groups. Paired sample
t tests were used to analyze the changes in outcomes from
baseline to the 12th week within each group in continuous
variables. P<.05 was considered statistically significant.

Results

Participants
A total of 118 participants were included and randomly allocated
into the intervention (n=59) or control group (n=59). A total of
89.8% (106/118) of participants completed the study.
Additionally, we included 118 participants in data analyses
because the intention-to-treat principle was used. Figure 1 shows
the study flowchart.

Figure 1. Flow diagram of the study.

Baseline Characteristics of Participants
The average age of participants was 29.9 years. The majority
of participants were male (93/118, 78.8%). Around half of

participants were married (56/118, 47.5%), never smoked
(70/118, 59.3%), and had college educational level or above
(62/118, 52.5%). There was no statistically significant difference
in the variables between the 2 groups (Table 2).
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Table 2. Baseline characteristics of participants in the intervention and control group.

P valueta/χ2b/ZcControl (n=59)Intervention (n=59)Total (n=118)Characteristic

.261.142a29.1 (7.58)30.8 (8.82)29.9 (8.23)Age (years), mean (SD)

.500.457b———dGender, n (%)

——48 (81.4)45 (76.3)93 (78.8)Male

——11 (18.6)14 (23.7)25 (21.2)Female

.900.218b———Educational level, n (%)

——15 (25.4)15 (25.4)30 (25.4)Junior high school or below

——14 (23.7)12 (20.3)26 (22.0)Senior high school

——30 (50.8)32 (54.2)62 (52.5)College or above

>.990b———Marital status, n (%)

——31 (52.5)31 (52.5)62 (52.5)Single/divorced

——28 (47.5)28 (47.5)56 (47.5)Married

.631.720b———Monthly per capita income (￥), n (%)

——18 (30.5)16 (27.1)34 (28.8)<2200

——18 (30.5)15 (25.4)33 (28.0)2200-3300

——12 (20.3)11 (18.6)23 (19.5)3300-5500

——11 (18.6)17 (28.8)28 (23.7)>5500

.690.160b———Medical insurance, n (%)

——42 (71.2)40 (67.8)82 (69.5)Self-pay

——17 (28.8)19 (32.2)36 (30.5)Medical insurance

.471.502b———Smoking status, n (%)

——17 (28.8)19 (32.2)36 (30.5)Current smoking

——34 (57.6)36 (61.0)70 (59.3)Never smoking

——8 (13.6)4 (6.8)12 (10.2)Quit smoking

.73–0.346c5.00 (7.00)6.00 (7.00)5.00 (6.25)Symptom duration, median (IQR)

.56–0.577c3.00 (6.00)3.00 (6.00)3.00 (6.00)Diagnosis duration, median (IQR)

Knowledge of ASe

.410.836a6.17 (3.24)6.64 (2.92)6.41 (3.08)Correct item score, mean (SD)

.480.711a14.97 (5.24)15.61 (4.58)15.29 (4.91)Correct answer score, mean (SD)

.88–0.148a5.24 (1.91)5.19 (1.82)5.21 (1.86)General knowledge, mean (SD)

.35–0.938c1.00 (1.00)1.00 (1.00)1.00 (1.00)B27 antigen and inheritance, median (IQR)

.151.456a5.76 (2.37)6.34 (1.91)6.05 (2.16)Drug treatment and physical therapy, mean (SD)

.340.952a3.10 (1.52)3.34 (1.17)3.22 (1.35)Joint protection, pacing and priorities, mean (SD)

.530.624a6.18 (1.97)6.40 (1.91)6.29 (1.93)Self-efficacy, mean (SD)

.44–0.769a3.41 (1.97)3.15 (1.81)3.28 (1.89)Disease activity, mean (SD)

.56–0.586c0.60 (1.50)0.60 (1.90)0.60 (1.70)Physical function, median (IQR)

.0610.450b———Adherence to exercise, per week , n (%)

——8 (13.6)1 (1.7)9 (7.6)0

——32 (54.2)34 (57.6)66 (55.9)Occasionally
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P valueta/χ2b/ZcControl (n=59)Intervention (n=59)Total (n=118)Characteristic

——5 (8.5)9 (15.3)14 (11.9)1 or 2 days

——3 (5.1)8 (13.6)11 (9.3)3 or 4 days

——1 (1.7)0 (0)1 (0.8)5 or 6 days

——10 (16.9)7 (11.9)17 (14.4)Daily

aindependent sample t test.
bchi-square test.
cMann-Whitney U test.
dNot applicable.
eAS: ankylosing spondylitis.

Primary Outcomes
The correct item score, correct answer score, and 4 area scores
of knowledge of AS and self-efficacy scores in the intervention
group were significantly higher than the control group after the
intervention (all P<.001). A larger proportion of participants in
the intervention group adhered to regular exercise after the
intervention compared with the control group (P=.003, Table

3). The within-group analyses for the intervention group showed
significant increases in all scores of AS knowledge and
self-efficacy scores (all P<.001). The within-group analyses for
the control group detected increases in correct answer score
(P=.04) and general knowledge score (P=.002), but no
significant difference in self-efficacy score, other scores of
knowledge of AS including the correct item score (all P>.05,
Table 4).

Table 3. Comparison of outcomes between groups at posttest.

P valueta/Zb/χ2cControl (n=59)Intervention (n=59)Characteristic

Knowledge of ASd

<.001e9.249a6.83 (3.34)11.81 (2.44)Correct item score, mean (SD)

<.001e8.022a16.05 (5.17)22.49 (3.35)Correct answer score, mean (SD)

<.001e4.943a5.80 (1.75)7.20 (1.31)General knowledge, mean (SD)

<.001e–7.139b1.00 (1.00)2.00 (1.00)B27 antigen and inheritance, median (IQR)

<.001e7.706a5.95 (2.31)8.48 (1.01)Drug treatment and physical therapy, mean (SD)

<.001e5.766a3.39 (1.29)4.53 (0.80)Joint protection, pacing and priorities, mean (SD)

<.001e3.612a6.41 (2.04)7.60 (1.50)Self-efficacy, mean (SD)

.15–1.434a3.41 (1.76)2.95 (1.71)Disease activity, mean (SD)

.08–1.764b1.40 (1.60)1.00 (1.40)Physical function, median (IQR)

.003e18.028c——fAdherence to exercise, per week, n (%)

——6 (10.2)1 (1.7)0

——28 (47.5)11 (18.6)Occasionally

——8 (13.6)15 (25.4)1 or 2 days

——7 (11.9)12 (20.3)3 or 4 days

——4 (6.8)6 (10.2)5 or 6 days

——6 (10.2)14 (23.7)Daily

aindependent sample t test.
bMann-Whitney U test.
cchi-square test.
dAS: ankylosing spondylitis.
eP<.01.
fNot applicable.
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Table 4. Comparison of outcomes within the intervention and control groups.

P valuet aDifference of means (95% CI)Posttest, mean (SD)Pretest, mean (SD)Characteristic and group

Knowledge of ASb

Correct item score

<.001d10.9535.17 (4.22 to 6.11)11.81 (2.44)6.64 (2.92)IGc

.101.6940.66 (–0.12 to 1.44)6.83 (3.34)6.17 (3.24)CGe

Correct answer score

<.001d10.3456.88 (5.55 to 8.21)22.49 (3.35)15.61 (4.58)IG

.04f2.1261.08 (0.06 to 2.11)16.05 (5.17)14.97 (5.24)CG

General knowledge

<.001d8.1232.02 (1.52 to 2.51)7.20 (1.31)5.19 (1.82)IG

.002d3.2310.56 (0.21 to 0.91)5.80 (1.75)5.23 (1.91)CG

B27 antigen and inheritance

<.001d11.9881.54 (1.28 to 1.80)2.29 (0.85)0.75 (0.76)IG

.640.4650.05 (–0.17 to 0.27)0.92 (0.75)0.86 (0.75)CG

Drug treatment and physical therapy

<.001d7.7942.14 (1.59 to 2.68)8.47 (1.01)6.34 (1.91)IG

.360.9190.19 (–0.22 to 0.59)5.95 (2.31)5.76 (2.37)CG

Joint protection, pacing, and priorities

<.001d6.8401.19 (0.84 to 1.53)4.53 (0.80)3.34 (1.17)IG

.171.4040.29 (–0.12 to 0.70)3.39 (1.29)3.10 (1.52)CG

Self-efficacy

<.001d5.0551.19 (0.72 to 1.66)7.60 (1.50)6.41 (1.91)IG

.241.1780.22 (–0.16 to 0.62)6.41 (2.04)6.18 (1.97)CG

Disease activity

.45–0.754–0.19 (–0.70 to 0.32)2.96 (1.71)3.15 (1.81)IG

>.99–0.0050 (–0.52 to 0.52)3.41 (1.76)3.41 (1.97)CG

Physical function

.790.2690.07 (–0.44 to 0.57)1.67 (1.79)1.61 (2.23)IG

.002d3.3200.67 (0.26 to 1.07)1.91 (1.65)1.25 (1.63)CG

apaired sample t test.
bAS: ankylosing spondylitis.
cIG: intervention group.
dP<.01.
eCG: control group.
fP<.05.

Secondary Outcomes
At posttest, there was no difference in disease activity or
physical function between the intervention and control groups
(P>.05). The within-group analyses for the intervention group
showed no significant change in disease activity or physical
function (P>.05). The within-group analyses for the control
group detected a decline in physical function (P=.002), but no

significant change in disease activity (P>.05, Table 3 and Table
4).

Discussion

Principal Findings
This study explored the effects of the theory-based educational
intervention through WeChat among Chinese patients with AS.
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Our findings demonstrated that this intervention was feasible
and beneficial for improving patient disease knowledge,
self-efficacy, and exercise adherence, which was in line with
previous studies [12,16,41]. The educational intervention
delivered by WeChat can increase access to health care providers
for participants, teach knowledge and skill of disease
management, and have positive effects in AS patients.

We found that the theory-based educational intervention can
increase patient knowledge about AS, which was in line with
prior studies [16,41], and corresponds with educating the
patients on perceived severity of the disease and perceived
susceptibility to increased limited mobility without action.
Haglund et al [30] revealed that 43% of spondyloarthritis
patients had educational needs. Moreover, patient knowledge
levels of AS in this study were relatively low compared with
previous studies [36]. In our study, the research nurses provided
knowledge of managing AS, which may increase patient
knowledge levels of AS.

The educational intervention via WeChat can effectively
improve self-efficacy of AS patients, a finding similar to prior
studies [18,45]. Self-efficacy can be enhanced through direct
experience, alternative experience, and verbal persuasion [46].
In this study, participants gained knowledge and peer experience
about disease management through educational information and
nurse coaching by praising small accomplishments, which
increased their perceived self-efficacy. Learning about useful
experiences of others can inspire patients to try strategies to
manage disease [47]. Seeing the adaptations of others to AS
helps patients manage their disease better and improves
confidence in coping with disease, which increases their
self-efficacy to manage the disease. Persuasion from research
nurses can help patients successfully manage their conditions
[48]. That these skills may enhance patient confidence in
managing disease and improving their self-efficacy was shown
in our intervention.

This intervention effectively improved patient self-efficacy
which, in turn, may have contributed to higher adherence to
exercise. In this study, a larger proportion of participants in the
intervention group adhered to regular exercise compared with
the control group after the intervention. The finding was in line
with earlier studies [16,41]. Self-efficacy is an important factor
influencing exercise behavior in AS patients [49]. Our
intervention helped patients perceive the severe consequences
of AS, educated them on the importance of disease management,
and taught them skills to manage their condition, which may
have prompted regular exercise and helped them develop cues
to action in their daily lives. In addition, the intervention

delivered through WeChat may make it easier to exercise at
home. These issues may enhance patient exercise adherence.

The results of this study did not detect significant differences
in disease activity and physical function except for a decline in
physical function in the control group. Previous reports on the
efficacy of patient education on disease activity and physical
function are inconsistent [14-18,20]. In our study, patients had
relatively low disease activity and functional limitation, and
these variables may be difficult to modify. Our 12-week
intervention period may not be long enough to detect significant
changes in biomarkers, such as disease activity, function, etc.
Educational intervention may not produce a direct effect on
health outcomes [2]. Thus, future studies should explore the
long-term effects of educational intervention on health
outcomes.

Limitations
This study had several strengths. An assessor blinded to group
assignment collected pretest and posttest data to reduce biased
responses. Furthermore, using HBM might increase the efficacy
of this intervention. Finally, we used an intention-to-treat
analysis with multiple imputations for missing data to reduce
bias in assessment of treatment effects.

This study had several potential limitations. First, we only
recruited patients from a tertiary hospital who were able to use
WeChat. Although the use of smartphone and internet access
are relatively ubiquitous, the use of WeChat limits the
generalization of findings to all Chinese AS patients. Second,
patient views and cost-effectiveness analysis are important to
evaluate and improve this educational intervention, but we did
not collect these data because of limited time and financial
support. Third, we collected outcomes at 12 weeks, but the
effects of WeChat-based education on health outcomes may
only become apparent in a long-term.

Conclusions
We demonstrated that the theory-based educational intervention
delivered through WeChat, led by experienced nurses, was
feasible and effective to improve AS patient disease knowledge,
self-efficacy, and exercise adherence in a short-term. WeChat
can deliver timely health service for patients with no available
time or living in rural communities. During the COVID-19
pandemic period, the intervention approach may help health
care providers provide continuous rheumatology care. We
suggest that this intervention can be integrated into routine
rheumatology care. Future studies should explore long-term
effects of this intervention.
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Abstract

Background: Work stress is highly prevalent and puts employees at risk for adverse health consequences. Web-based stress
management interventions (SMIs) promoting occupational self-efficacy might be a feasible approach to aid employees to alleviate
this burden and to enable them to improve an unbalanced situation between efforts and rewards at work.

Objective: The first aim of this randomized controlled trial was to investigate the efficacy of a web-based SMI for employees
perceiving elevated stress levels and an effort-reward imbalance in comparison to a waitlist control (WLC) group. Second, we
investigated whether the efficacy of an SMI could be explained by an increase in occupational self-efficacy and whether this
personal resource enables employees to change adverse working conditions.

Methods: A total of 262 employees reporting effort-reward imbalance scores over 0.715 and elevated stress levels (10-item
Perceived Stress Scale [PSS-10] score ≥22) were randomly assigned to either the intervention group (IG; SMI) or the WLC group.
The primary outcome was perceived stress measured using the PSS-10. The secondary outcomes included mental and work-related
health measures. Four different mediation analyses were conducted with occupational self-efficacy, efforts, and rewards as
mediators. After eligibility screening, data were collected web based at baseline (T1), 7 weeks (T2) and 6 months (T3).

Results: Study participation was completed by 80% (105/130, 80.8%) in the IG and 90% (119/132, 90.2%) in the WLC group.
Analyses of covariance revealed that stress reduction was significantly higher for the SMI group compared with the WLC group
at T2 (d=0.87, 95% CI 0.61-1.12, P<.001) and T3 (d=0.65, 95% CI 0.41-0.90, P<.001). Mediation analyses indicated that
occupational self-efficacy mediated the beneficial effect of the SMI on stress directly. Furthermore, the analyses revealed a
significant indirect effect of occupational self-efficacy via rewards (b=0.18, t259=4.52, P<.001), but not via efforts (b=0.01,
t259=0.27, P>.05) while efforts still had a negative impact on stress (b=0.46, t257=2.32, P<.05).

Conclusions: The SMI was effective in reducing stress and improving occupational self-efficacy in employees despite them
experiencing an effort-reward imbalance at work. Results from mediation analyses suggest that fostering personal resources such
as occupational self-efficacy contributes to the efficacy of the SMI and enables employees to achieve positive changes regarding
the rewarding aspects of the workplace. However, the SMI seemed to neither directly nor indirectly impact efforts, suggesting
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that person-focused interventions might not be sufficient and need to be complemented by organizational-focused interventions
to comprehensively improve mental health in employees facing adverse working conditions.

Trial Registration: German Clinical Trials Register DRKS00005990; https://tinyurl.com/23fmzfu3

(J Med Internet Res 2022;24(10):e40488)   doi:10.2196/40488

KEYWORDS

occupational eMental health; stress; occupational self-efficacy; effort-reward imbalance; randomized controlled trial

Introduction

More than a decade ago, the World Health Organization
identified stress as major risk factor for adverse consequences
on physical and mental health for the 21st century [1]. In
particular, the workplace can be a source of stress that can be
associated with an increased risk of depression and
cardiovascular diseases [2-4]. Next to such harmful effects on
employees’ personal lives and health, experiencing high strain
at work can entail substantial societal costs [5].

One of the most prominent theoretical frameworks to investigate
workplace stressors is the effort-reward imbalance model [6].
In short, this model is based on the premise of an imbalance
between efforts invested and low rewards received in return.
Both efforts and rewards therefore reflect subjectively perceived
working conditions employees are exposed to. Rewards can be
distinguished between financial payments, job security, or career
prospects, and intangible compensation such as esteem or praise.
During the past few decades, the model was well researched. It
was shown that employees experiencing an effort-reward
imbalance have an increased risk of depression [7], lower
immunity [8], or coronary heart disease [9]. Multiple systematic
reviews demonstrated robust evidence for the links between an
effort-reward imbalance and health, and suggested that it can
instigate psychological, physical, and behavioral
health–impairing pathways [10-12].

Psychosocial hazards were identified as one of the key emerging
health risks [13] and there were significant developments to
address psychosocial risk factors at work. For example, the
National Standard of Canada for Psychological Health and
Safety in the Workplaces provides a comprehensive framework
for an approach to ensure a psychologically healthy workplace
[14]. Notably, changing adverse working conditions requires a
timely and complex transformational process that can be a
considerable source of work stress itself and is associated with
different risks such as an increase of stress-related medication
intake [15].

Workers already affected by high levels of stress are in an acute
need of relief, and so waiting for the successful implementation
of organizational changes can be challenging. In this situation,
a stress management intervention (SMI) might be a first step to
support those in need of help sooner [16]. There is evidence for
the beneficial effects of SMIs in traditional face-to-face settings
[17], which was complemented by a more recent and growing
body of research for the web-based delivery [16,18,19].
Web-based interventions allow the workforce to benefit from
low-threshold access and highly flexible participation in terms
of time and location, and employers to profit from easy

scalability and low required resources [20]. Furthermore, they
might have the potential to alleviate the burden of workplace
stressors by promoting self-efficacy and improving various
health outcomes such as insomnia or depression [21-24] in both
short and long term [25,26]. However, until today, evidence is
missing on whether a web-based SMI could also effectively
reduce perceived stress in employees who are exposed to adverse
working conditions in terms of an imbalance between efforts
and rewards. Moreover, no trial has yet examined mechanisms
of change within this high-risk population and whether an
increase in personal resources could enable employees to
improve the unbalanced situation between efforts and rewards
at work.

An effective implementation of a web-based SMI for employees
who are exposed to adverse working conditions could be a
person-centered intervention helping workers to initiate changes,
a strategy known as problem-focused coping following the
transactional model by Lazarus and Folkman [27]. A necessary
personal resource for self-initiated changes employees make to
redesign working conditions is self-efficacy, which is believed
to trigger proactive behaviors undertaken at work [28]. Initially,
Bandura [29] defined self-efficacy as confidence to meet
difficult challenges or prospective problems by oneself.
Individuals with high self-efficacy experience lower levels of
work strain and engage more in problem-focused coping [30].
Another study confirmed that a problem-solving training for
teachers could strengthen the ability to cope with problems and
stressful situations as well as increase self-efficacy [31]. Within
this organizational context, occupational self-efficacy can be
described as personal belief in work-related abilities [32].
Studies on occupational self-efficacy have demonstrated positive
associations with job performance, employee satisfaction,
employability, and work commitment, and negative relationships
with job insecurity [32,33]. A study on the same SMI that was
examined in this randomized controlled trial (RCT) provided
first evidence for effects on occupational self-efficacy [34],
while the previously stated need for research on self-efficacy
as a mechanism of change in an occupational SMI has not been
addressed yet [35]. Moreover, there is no evidence on the effects
of occupational self-efficacy on the perception of adverse
working conditions yet despite the assumption that self-efficacy
as a function of self-regulation conducive to health relies on
successful exchange of efforts and rewards [36].

To the best of our knowledge, this is the first RCT to investigate
the efficacy of a web-based occupational SMI in employees
perceiving high stress levels and an effort-reward imbalance
and to explore mediating effects of occupational self-efficacy,
efforts, and rewards on stress reduction. This trial will examine
the hypothesis that the SMI will effectively reduce perceived
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stress in the intervention group (IG) compared with a waitlist
control (WLC) group. The second study aim is to investigate
mediating effects of the personal resource of occupational
self-efficacy and environmental factors, specifically efforts, and
rewards at the workplace in the association between the
intervention and perceived stress.

Methods

Study Design and Conditions
A primary RCT including 264 participants experiencing an
effort-reward imbalance was conducted in compliance with the
Declaration of Helsinki and Good Clinical Practice and
following the CONSORT (Consolidated Standards of Reporting
Trials) guidelines [37,38] (Multimedia Appendix 1). Based on
meta-analytic evidence for web-based SMI revealing moderate
effects (Hedges g=0.54) [19] and considering the impact of
adverse working conditions, this study aimed to detect
differences between groups with an effect size of Cohen d=0.35
based on a power (1–β) of 0.80 in a 2-tailed test with α=.05.
Participants were randomly assigned to the IG or the WLC
group at a ratio of 1:1 using an automated computer-based
random integer generator (DatInf RandList; Datinf GmbH).
Participants were allocated to the study groups by an
independent researcher not otherwise involved in the study.
Self-reported outcomes were assessed between May 2014 and
May 2015 with a secured online-based self-report system (AES;
256-bit encrypted) at screening for eligibility (T0), baseline
(T1), and 7 weeks (T2), and 6 months (T3) after randomization.
After allocation, participants in the IG received immediate
access to the intervention, whereas those in the WLC group
obtained access after 6 months. Treatment as usual was not
restricted and monitored. None of the obtained data presented
here were published before.

Participants and Recruitment
Participants were recruited from the general working population
via the research project website and mass media (eg, articles in
health insurance magazines). Inclusion criteria were the
willingness to give informed consent; legal age (18 years);
employment; 10-item Perceived Stress Scale (PSS-10) [39,40]
score ≥22; effort-reward imbalance [41] score >0.715, which
was found to indicate a highly hazardous imbalance between
effort and rewards at the workplace [42]; no notable suicidal
risk, as indicated by a score of >1 on item 9 (I feel I would be
better off dead) of the Beck Depression Inventory [43]; and no
previous or current diagnosis of dissociative symptoms or
psychosis. Interested participants signed up on the open access
website with their email address to receive a link to the
eligibility screening questionnaire. Eligible applicants were
required to provide informed consent and baseline data (T1).

Intervention
Psychologists developed the intervention for employees based
on Lazarus’ transactional model of stress focusing on problem
solving and emotion regulation skills [27]. The intervention
encouraged participants to reflect on meaningful issues that
were not restricted to either work or personal life. The efficacy
was demonstrated before in an indicated prevention sample and

with different guidance formats, namely, adherence-focused
guidance and self-help [22,44,45]. The SMI consisted of 7 core
modules and an optional booster session 4 weeks after
termination. Module completion required 45-60 minutes and
participants were advised to complete at least one per week,
adding up to an intervention period of 4-7 weeks. Participants
could choose whether and how often they preferred to receive
short automatic motivational SMS text messages to their mobile
device (infrequent or intensive, ie, 1-3 SMS text messages
daily). In addition, participants could inquire
feedback-on-demand, which was provided by an e-coach within
48 hours only upon request on the internal messaging platform.
E-coaches were skilled psychologists following feedback
guidelines from the standardized manual for the intervention.
Participants were assigned to an e-coach in a 1-to-1 ratio.

Primary Outcome Measure
The primary outcome was perceived stress appraised with the
German version of PSS-10 [39,40], which was also developed
based on Lazarus’ transactional model of stress. The items assess
to what extent participants experienced their lives as stressful
within the past week on a 5-point Likert scale from 0 (never)
to 4 (very often), resulting in sums from 0 to 40, with higher
scores reflecting higher levels of stress. In this study, values for
the internal reliability (Cronbach α) were .81 at T1, .89 at T2,
and .92 at T3.

Secondary Outcome Measures
Included measures for the secondary outcomes are listed in the
following sections, with number of items, item range, and
reliabilities assessed at T2.

Mediators
Among the secondary outcomes, 2 measures were assessed for
the inclusion as mediators. First, the Effort Reward Imbalance
Questionnaire Short Form [41] with the subscales efforts (3
items; α=.78) and rewards (7 items; α=.79; score range 1-4).
And second, the short form of the Occupational Self-Efficacy
Scale (OSS-SF [32]; 6 items; α=.89; score range 1-6).

Work-Related Health
The subscale emotional exhaustion of the Maslach Burnout
Inventory (MBI-GS-D; 5 items; α=.87; score range 1-6) was
used to evaluate work-related health [46]. The Utrecht Working
Scale (UWES) [47] was used to examine work engagement (9
items; α=.93; score range 0-6). A single-item question was used
to assess work ability (Work Ability Index) [48] and the Work
Limitations Questionnaire [49] was administered to examine
presenteeism.

Mental Health
The short version of the Centre for Epidemiological Studies’
Depression scale (CES-D) [50,51] was used to assess depression
(15 items; α=.84; score range 0-3). The Connor-Davidson
Resilience Scale [52] was used to examine resilience (10 items;
α=.88; score range 0-4). The Assessment of Quality of Life
(AQoL)-8D Multi-Attribute Utility Instrument [53] was used
to examine health-related quality of life (35 items, different
ranges from 1 to 5 and 1 to 6; α=.96) at T3.
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Other Measures
To assess the level of satisfaction with the intervention, the
Client Satisfaction Questionnaire adapted to web-based
interventions was used (CSQ-I; 8 items; α=.92; score range
1-4) [54]. In addition, self-developed measures were used to
assess demographics, current occupation, work sector, income,
educational level, and previous use of health services.

Statistical Analyses
Statistical analyses were performed according to the
recommendations of the CONSORT statement [37]. Data were
analyzed with SPSS Statistics version 25 (IBM Corp.) [55]
based on the intention-to-treat principle. An additional
per-protocol analysis was conducted for the primary outcome,
including only participants who completed at least six modules.
Analyses of covariance (ANCOVA) were calculated with
outcome baseline scores as covariates and a 2-tailed significance
level at P<.05 to detect between-group differences for the IG
and the WLC group at T2 and T3. Simulation studies have
already demonstrated the methodological robustness of
ANCOVA against bias, higher precision, and statistical power
for experimental studies [56,57]. To handle missing data,
multiple imputations were conducted for the intention-to-treat
and per-protocol analyses with 10 estimates for each value that
were aggregated into an overall value [58].

Response Analyses
The Reliable Change Index of Jacobson and Truax [59] was
used to investigate improvements of the primary outcome on
an individual level. The SD of 6.2 and the reliability of PSS-10
of the norm population [60] were used in the formula [1.96 ×
SD1 × sqrt(2) × sqrt(1–rel)] to calculate that a reduction in
perceived stress could be defined as reliably improved if changes
of more than ±5.16 points were detected from T1 to T2.
Symptom-free status was achieved according to Jacobson and
Truax [59] when participants scored more than 2 SDs below
the baseline mean (T1) of the primary outcome in the IG (mean
23.76, SD 5.11). The number needed to treat and 95% CI were
calculated to indicate the average number of participants who
need to be treated to achieve an additional response compared
with the control group [61].

Mediation Analyses
Four mediation analyses were conducted using the PROCESS
macro (version 4.0) for SPSS [62]. The models build up on each
other to explore their individual and shared contribution in stress
reduction. In all models, the independent variable (X) was the
study condition, and the dependent variable (Y) was perceived
stress (PSS-10 at T3). The proposed mediators were
occupational self-efficacy at T2 (PROCESS model 4);
occupational self-efficacy at T2 and efforts at T3 (PROCESS
model 6); occupational self-efficacy at T2 and rewards at T3
(PROCESS model 6); and occupational self-efficacy, efforts,
and rewards at T3 (PROCESS model 81). Baseline scores of
the outcome and mediator were considered covariates. For
indirect effects that were considered significant if P<.05 and
95% CIs did not cover 0, 10,000 bias-corrected bootstrap
samples were applied [62]. An additional sensitivity analysis
including only study completers was performed.

Ethics Approval
The Ethical Committee of the Leuphana University of
Lueneburg approved the study (reference
Ebert201408_Stresstraining). The trial was registered in the
German Clinical Trials Register (DRKS00005990).

Results

Participants and Baseline Characteristics
The sample initially consisted of 264 participants of which 2
requested the deletion of assessed data after trial conduction.
Consequently, the final sample included 262 participants
(182/262, 69.4% female) aged 20-65 years (mean 42.2 years,
SD 9.76 years), allocated to either the IG (n=130) or the WLC
(n=132) group. Figure 1 depicts the study flow and Table 1
summarizes detailed baseline characteristics. A multivariate
ANOVA indicated there was no meaningful difference in
baseline outcomes between groups (F19,232=1.08, P=.37).
Primary outcome data were missing for 9.9% (n=26) at T2 and
15.3% (n=40) at T3. The Little missing completely at random
test failed significance, indicating that the null hypothesis
proposing patterns of missing values being not dependent on
observed and unobserved factors among the participants’values
need not be rejected.
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Figure 1. Participant flow.
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Table 1. Baseline characteristicsa.

WLCc group (n=132)IGb (n=130)All participants (N=262)Characteristics

Sociodemographic

43.42 (10.02)42.87 (9.54)42.20 (9.76)Age, mean (SD)

35 (26.5)45 (34.60)80 (30.5)Men, n (%)

97 (73.5)85 (65.40)182 (69.5)Women, n (%)

N/AN/AN/AdDiverse, n (%)

Marital status, n (%)

37 (28.0)41 (31.5)78 (29.8)Single

64 (48.5)59 (45.4)123 (46.9)Married

13 (9.8)16 (12.3)29 (11.1)Cohabited

17 (12.9)14 (10.8)31 (11.8)Divorced

1 (0.8)N/A1 (0.4)Widowed

Educational level, n (%)

4 (3.0)2 (1.5)6 (2.3)Low

32 (24.2)22 (16.9)54 (20.6)Middle

96 (72.7)106 (81.5)202 (77.1)High

Employment

100 (75.8)105 (80.8)205 (78.2)Full-time, n (%)

30 (22.7)23 (17.7)53 (20.2)Part-time, n (%)

2 (1.5)2 (1.5)4 (1.5)Sick leave, n (%)

50 (37.9)50 (38.5)100 (38.2)Managerial position, n (%)

19.01 (10.81)17.79 (10.86)18.40 (10.83)Work experience in years, mean (SD)

Work sectors, n (%)

36 (27.3)26 (20)62 (23.7)Service

34 (25.8)22 (16.9)56 (21.4)Economy

11 (8.3)22 (16.9)33 (12.6)Health

25 (18.9)19 (14.6)44 (16.8)Social

9 (6.8)15 (11.5)24 (9.2)Information technologies

17 (12.9)19 (14.6)36 (13.7)Other

Income, n (%)

44 (33.3)29 (22.3)73 (27.9)Low

19 (14.4)26 (20)45 (17.2)Middle

59 (44.7)64 (49.2)123 (46.9)High

Use of health services, n (%)

64 (48.5)55 (42.3)119 (45.4)Previous or current psychotherapy

23 (17.4)15 (11.5)38 (14.5)Experience in health trainings

aValues presented only for participants who provided the respective data.
bIG: intervention group.
cWLC: waitlist control.
dN/A: not applicable.
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Primary Outcome Measure
ANCOVAs to detect differences between the IG and the WLC
group at T2 and T3 revealed significantly lower stress levels
assessed with the PSS-10 for the IG at T2 (F259,1=46.14, P<.001,
d=0.87, 95% CI 0.61-1.12, Δ5.00) and T3 (F259,1=24.82, P<.001,
d=0.65, 95% CI 0.41-0.90, Δ4.19). The per-protocol analysis

corroborated those results with significant between-group
differences at T2 (F173,2=34.86, P<.001, d=1.04, 95% CI
0.69-1.40, Δ5.79) and T3 (F173,2=20.15, P<.001, d=0.56, 95%
CI 0.22-0.90, Δ3.68). For all outcome measures at T2 and T3,
Table 2 displays the means and SDs and Table 3 shows
ANCOVA results.

Table 2. Means and SDs of outcome variables at baseline (T1), 7 weeks (T2), and 6 months (T3) after the intervention.

T3aT2aT1Outcome

WLCIGWLCIGWLCcIGb

Primary outcome measure

21.72 (6.39)17.53 (6.42)23.33 (5.32)18.33 (6.18)24.81 (5.03)23.76 (5.11)Perceived stress

21.68 (6.39)18 (6.97)23.29 (5.32)17.5 (6.14)24.79 (5.04)23.89 (5.63)Perceived stress (per-protocol analysis)

Secondary outcome measures

Mental health and work related

0.57 (0.17)0.68 (0.17)N/AN/Ad0.55 (0.13)0.58 (0.15)Quality of life

14.8 (8.46)11.56 (6.74)15.76 (7.43)13.68 (7.41)18.05 (6.43)17.05 (6.09)Depression

N/AN/A19.38 (6.12)22.5 (6.08)20.29 (6.37)20.12 (6.67)Resilience

4.42 (0.95)3.87 (0.94)4.52 (0.81)4.05 (0.89)4.62 (0.73)4.57 (0.78)Emotional exhaustion

N/AN/A22.2 (6.08)24.38 (5.41)21.58 (6.24)22.06 (6.14)Occupational self-efficacy

2.75 (1.21)3.1 (1.18)2.72 (1.15)3.06 (1.17)2.99 (1.18)2.95 (1.21)Work engagement (vigor)

3.02 (1.3)3.37 (1.27)2.98 (1.36)3.36 (1.17)3.28 (1.37)3.31 (1.3)Work engagement (dedication)

2.85 (1.38)3.14 (1.27)2.84 (1.38)3.14 (1.28)3.01 (1.51)3.01 (1.39)Work engagement (absorption)

N/AN/A5.83 (2.08)6.55 (1.88)5.86 (1.96)5.92 (1.96)Work ability index

N/AN/A4.94 (2.39)4.5 (2.37)5.27 (2.58)5.01 (2.25)Presenteeism

Effort-reward imbalance

9.89 (1.83)9.72 (1.76)10.11 (1.76)10.01 (1.76)10.5 (1.52)10.67 (1.42)Efforts

16.03 (3.9)17.06 (3.62)15.61 (3.96)16.69 (3.8)15.77 (3.86)16.29 (3.74)Rewards

1.55 (0.54)1.43 (0.47)1.62 (0.56)1.5 (0.55)1.64 (0.49)1.62 (0.49)Ratio

aMissing data handled by multiple imputation.
bIG: intervention group.
cWLC: waitlist control.
dN/A: not applicable.
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Table 3. Between-group differences at 7 weeks (T2) and 6 months (T3) after the intervention.

T3aT2aOutcomes

ANCOVA (F259,1)d (95% CI)ANCOVAb (F259,1)d (95% CI)

Primary outcome measure

24.82c0.65 (0.41 to 0.90)46.14c0.87 (0.61 to 1.12)Perceived stress

20.15c0.56 (0.22 to 0.90)34.86c1.04 (0.69 to 1.40)Perceived stress (per-protocol analysis)d

Secondary outcome measures

Mental health and work related

14.44c0.65 (0.37 to 0.93)N/AN/AfQuality of lifee

9.99g0.42 (0.18 to 0.67)3.550.28 (–0.04 to 0.52)Depression

31.72c0.51 (0.26 to 0.76)N/AN/AResilience

25.79c0.59 (0.34 to 0.83)25.36c0.56 (0.31 to 0.80)Emotional exhaustion

N/AN/A10.65g0.38 (0.13 to 0.62)Occupational self-efficacy

7.61g0.29 (0.05 to 0.53)9.30g0.29 (0.05 to 0.53)Work engagement (vigor)

6.22h0.27 (0.03 to 0.52)8.71g0.30 (0.06 to 0.54)Work engagement (dedication)

3.97h0.22 (0.03 to 0.46)5.80h0.41 (0.66 to 0.17)Work engagement (absorption)

N/AN/A1.610.18 (–0.06 to 0.43)Presenteeism

N/AN/A9.19g0.36 (0.12 to 0.60)Work ability index

Effort-reward imbalance

1.870.09 (–0.15 to 0.34)1.720.05 (–0.19 to 0.30)Efforts

3.720.27 (–0.03 to 0.52)4.42h0.28 (0.04 to 0.52)Rewards

4.07h0.24 (0.01 to 0.48)4.21h0.22 (0.03 to 0.50)Ratio

aMissing data handled by multiple imputation.
bANCOVA: analysis of covariance
cSignificance level used: P<.001.
dF173,2.
eF200,1.
fN/A: not applicable.
gSignificance level used: P<.01.
hSignificance level used: P<.05.

Response Analyses
At T2, significantly more participants in the IG (65/130, 50%)
showed a reliable improvement in perceived stress measured
with the PSS-10 compared with the WLC group (33/132, 25%)
and significantly fewer participants in the IG (4/130, 3.1%)
experienced symptom deterioration compared with the WLC

group (14/132, 10.6%; χ2
2=19.94, P<.001). The number needed

to treat to achieve reliable improvement was 4 (95% CI 2.8-7.3).
The number of symptom-free participants at T2 was significantly
higher in the IG (39/130, 30%) compared with the WLC group

(7/132, 5.3%; χ2
1=23.52, P<.001).

Secondary Outcome Measures
The ANCOVAs showed significant between-group differences
for most secondary outcome measures (Table 3). Positive

impacts for participants in the IG compared with the WLC group
were found at T2 and T3 for occupational self-efficacy
(measured with the OSS-SF), burnout (assessed with the
MBI-GS-D), work engagement (assessed with the UWES), and
work ability (Work Ability Index). Effect sizes (d) ranged from
0.29 (95% CI 0.05-0.53; UWES scale vigor) to 0.56 (95% CI
0.31-0.80; MBI-GS-D) at T2 and from 0.22 (95% CI 0.03-0.46;
UWES scale absorption) to 0.65 (95% CI 0.37-0.93; AQoL) at
T3. Scores between groups did not significantly differ for
depression (CES-D; d=0.28, 95% CI –0.04 to 0.52, P=.06) and
work limitations (Work Limitations Questionnaire; d=0.18,
95% CI –0.06 to 0.43, P=.21) at T2. Regarding the effort-reward
imbalance, participants in the IG showed significantly higher
values for rewards at T2 (d=0.28, 95% CI 0.04-0.52, P=.04),
whereas between-group scores did not significantly differ for
efforts at T2 (d=0.05, 95% CI –0.19 to 0.30, P=.19) and T3
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(d=0.09, 95% CI –0.15 to 0.34, P=.17), and for rewards at T3
(d=0.27, 95% CI –0.03 to 0.52, P=.06).

Mediation Analyses
Figure 2 depicts the 4 mediation analyses performed. Results
of the first model (Figure 2A) showed that the unstandardized
regression coefficient for the study groups (X) predicting stress
(Y) was significant (c=–4.19, t260=–5.29, P<.001). Occupational
self-efficacy (M) was found to be a significant mediator for this
effect (b=–0.44, t258=–6.87, P<.001). Furthermore, the study
group had a significant effect on occupational self-efficacy
(b=2.18, t260=3.06, P<.002). The direct effect remained
significant after incorporating the mediating variable into the
model (c′=–3.23, t260=–4.36, P<.001). The indirect effect was
significant (b=0.95, 95% CI –1.73 to –0.32, P<.001). This model

accounted for 24% of the variance (R2) in stress reduction.

The second mediation model (Figure 2B) with occupational
self-efficacy as M1 and efforts as M2 revealed significant total
(c=–4.19, t260=–5.29, P<.001) and direct (c′=–3.14, t260=–4.36,
P<.001) effects. Occupational self-efficacy (M1) significantly
mediated the effect on stress (b=–0.44, t258=–6.59, P<.001),
whereas it had no significant effect on efforts (M2; b=0.01,
t259=0.27, P=.79). However, efforts (M2) were significantly
associated with stress (b=0.53, t258=2.64, P=.008). The study
group had no significant effect on efforts (M2; b=–0.18,
t258=–0.79, P=.43). Therefore, a significant indirect mediating
effect was only found for the association of occupational
self-efficacy with the study group (b=–0.14, 95% CI –0.25 to

–0.05, P<.001). Together, 26% of the variance (R2) in perceived
stress was explained.

After incorporating occupational self-efficacy as M1 and rewards
as M2, the mediation model (Figure 2C) resulted in significant
total (c=–4.19, t260=–5.29, P<.001) and direct (c′=–3.00,

t260=–4.12, P<.001) effects. Occupational self-efficacy (M1)
significantly mediated the effect on stress (b=–0.37, t258=–5.76,
P<.001) and rewards (M2; b=0.18, t259=4.52, P<.001). Rewards
(M2) could significantly predict stress (b=–0.37, t258=–3.79,
P<.001). Comparable to the preceding mediation model, a
significant indirect mediation effect for the association between
the intervention and stress as an outcome could be found for
occupational self-efficacy (b=–0.12, 95% CI –0.22 to –0.04,
P<.001). Furthermore, the indirect path taking occupational
self-efficacy (M1) and rewards (M2) between the study group
and perceived stress into account was significant (b=–0.02, 95%
CI –0.05 to –0.01, P<.001). Participation in the intervention did
not significantly predict rewards (M2; P=.16). In total, all

variables accounted for R2=0.28.

The fourth mediation model (Figure 2D) that incorporated all
mediators (M1: occupational self-efficacy, M2: efforts, and M3:
rewards) again resulted in significant total (c=–4.19, t260=–5.29,
P<.001) and direct (c′=–2.93, t260=–4.06, P<.001) effects.
Occupational self-efficacy (M1) significantly predicted perceived
stress (b=–0.38, t257=–5.91, P<.001) and rewards (M3) (b=0.18,
t259=4.52, P<.001), yet not efforts (M2; b=0.01, t259=0.27,
P=.79). The effect on stress was also significantly predicted by
both efforts (M2; b=0.46, t257=2.32, P=.02) and rewards (M3;
b=–0.35, t257=–3.56, P<.001). The study group did not
significantly predict neither efforts (M2) nor rewards (M3)
directly. Altogether, significant indirect paths between the study
group and perceived stress were found for occupational
self-efficacy (M1; b=–0.12, 95% CI –0.22 to –0.04, P<.001) as
well as for occupational self-efficacy (M1) and rewards (M3;
b=–0.02, 95% CI –0.05 to –0.01, P<.001). This final model
including all proposed mediators together explained 29% of the

variance (R2) in stress reduction. For all models, sensitivity
analyses performed including only study completers
corroborated the results.
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Figure 2. Mediation analyses with study condition as independent variable (X) and perceived stress (PSS-10) at T3 as dependent variable (Y) for all
models. Proposed mediators: (A) Occupational self-efficacy at T2; (B) Occupational self-efficacy at T2 and efforts at T3; (C) Occupational self-efficacy
at T2 and rewards at T3; and (D) Occupational self-efficacy at T2, and efforts and rewards at T3. Study conditions are coded 0=wait list control group,
1=intervention group. The figure includes unstandardized β coefficients and illustrates significant (solid line) and non-significant (dotted line) effects
between variables, total (c) and direct (c′) effects. Significance levels used: ***P<.001, **P<.01, *P<.05.

Discussion

Principal Findings
Results of this study confirm that the SMI could effectively
reduce stress in employees perceiving elevated stress levels and

even when they were exposed to a high load of efforts that is
not adequately balanced by rewards. Secondary analyses
demonstrated the beneficial effects for mental health and
work-related outcomes as well as for rewards. Step-by-step
mediation analyses revealed that the participation in the
intervention significantly predicted occupational self-efficacy,
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which describes the confidence of an individual to handle any
challenges at work and which was a mediator in the effect on
stress and rewards that again predicted stress. All 3 investigated
mediators (ie, occupational self-efficacy, efforts, and rewards)
were significantly associated with perceived stress. However,
neither participation in the SMI nor the increase in occupational
self-efficacy enabled employees to achieve favorable effects on
the level of efforts, while efforts still enfolded an adverse effect
on perceived stress.

The results revealed practically meaningful effect sizes for stress
reduction. A similar effect was found in another trial on the
same SMI with adherence-focused guidance [45] and our study
extend those results by the inclusion of a high-risk population
that experiences adverse working conditions. Compared with
a study on the same SMI with more intensive guidance [22],
the effect sizes were not as large at follow-up. This raises the
question as to whether more personal support from a mental
health expert, which is expected to be conducive to the efficacy
of an SMI [19,22], might aid participants that experience greater
difficulties in their stress management due to adverse working
conditions. Considering the efficacy of occupational web-based
interventions in general, results from this study are in line with
demonstrated average effect sizes in a recent meta-analysis [19]
and revealed significant improvements in a variety of outcomes
on mental health and work-related levels. For example,
participants in the IG showed lower levels of emotional
exhaustion, more resilience, and higher work engagement, as
well as vigor, dedication, and absorption at work. No significant
between-group effects were found for presenteeism, while mixed
results were obtained for depression. The detected effect sizes
for engagement and presenteeism compare with a recent
meta-analysis for occupational web-based interventions [63].
Moreover, the participation significantly increased occupational
self-efficacy that was shown to be a relevant mediator in the
efficacy of the SMI on stress reduction. These results support
findings of another RCT on the same SMI showing significant
effects on occupational self-efficacy [34] and positive
associations between stress levels and self-efficacy [30]. The
obtained results for the effort-reward imbalance tie well with
mixed effects found in studies on the same SMI for the
effort-reward imbalance ratio [34] and for efforts and rewards
evaluated as separate outcomes [45], demonstrating that
web-based SMIs enfold substantially larger effects on
individuals’health compared with perceived working conditions
and organizational characteristics [17].

To examine whether and how an increase in personal resources
could support participants in achieving successful stress
reduction despite facing adverse working conditions, mediating
effects were investigated not only for occupational self-efficacy,
but also for efforts and rewards of the workplace. The 4
mediation analyses conducted progressively accounted for the
variance in perceived stress. The first model (Figure 2A)
confirmed that the participation in the intervention successfully
increased occupational self-efficacy, which in turn had a
significant effect on stress reduction. This is in line with
evidence showing that higher levels of self-efficacy are
associated with lower levels of work stress and the assumption
that problem-solving skills increase the confidence of an

individual to be able to proactively reduce stressors and increase
rewarding situations [30]. The second mediation model (Figure
2B) showed that the intervention’s positive effect on
occupational self-efficacy did not affect efforts that were
negatively associated with stress. This is in line with another
SMI study on teachers which showed that participants could
influence rewards, yet not efforts [64]. One potential reason for
the lack of association could be the design of the intervention
that did not predefine the topics participants should reflect on
in the problem-solving exercises and if the focus was on
job-related or personal stressors. Furthermore, this portrays one
of the core premises of the effort-reward imbalance model [6],
that is, an increased degree of efforts necessary to spend at work
is associated with high strain. The third mediation analysis
(Figure 2C) revealed a significant relationship between
participation in the SMI, occupational self-efficacy, and rewards.
This is in line with evidence showing that occupational
self-efficacy is substantially associated with affective
commitment that might motivate employees to increase their
job resources within their company [65]. Comparable to the
precedent mediation model, rewards were significantly
associated with stress, which is in line with the effort-reward
imbalance model [6]. The final mediation analysis (Figure 2D)
incorporated the 3 models. Occupational self-efficacy was
significantly increased and a mediator in the relationship
between the study group and outcome. Although both efforts
and rewards predicted levels of stress, the intervention only had
an impact on rewards, but not on efforts, with occupational
self-efficacy seemingly playing a mediating role in this
association. However, both efforts and rewards had significant
effects on stress.

Limitations
Several limitations should be considered. Despite the positive
effects of the individual-focused intervention on employees’
mental health, the persisting adverse effects of efforts indicate
that this approach might be incomplete. Therefore, it should be
investigated whether a combination of individual- and
organizational-focused digital interventions will contribute to
more comprehensive effects on employees’ mental health [66].
Positive effects of occupational self-efficacy in
individual-focused interventions might help employees to
engage more confidently in organizational-focused interventions.
Furthermore, the generalizability of the results might be limited.
In contrast to recruitment on a company level, the applied open
recruitment strategy addressed participants directly, which was
shown to be associated with effects on personal health outcomes
for occupational SMIs [19]. In this study, participants in the IG
received adherence-focused guidance that was established and
shown to be effective in previous studies [45,67]. Given the
notion that guidance is supposed to be conducive to the efficacy
of SMIs [19,68] and its low intensity in the adherence-focused
format, further research could investigate whether a higher
intensity in guidance might facilitate the efficacy of the SMI
for participants that experience greater difficulties for successful
changes due to adverse workplace conditions. Concerning the
mediators, a methodological limitation might be the selection
of measures in this study because participants might have been
encouraged to make changes to aspects of their work that were
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not captured in this trial (eg, conflict between work and private
life) [69]. Despite this, this trial provides valuable first insights
into if and how a web-based SMI can be effective within a
high-risk population despite their exposure to adverse working
conditions.

Conclusion and Practical Implications
To conclude, this trial aimed to expand research on the efficacy
of web-based SMIs and to add valuable insights into the scarce
evidence for high-risk populations. To the best of our
knowledge, this is the first trial demonstrating positive effects
of a web-based SMI on stress reduction in employees despite
their adverse working conditions. In-depth analyses examining
mechanisms of change suggest that the SMI increased
occupational self-efficacy that mediated the intervention’s effect
on stress. Furthermore, both efforts and rewards predicted levels
of stress, yet the intervention only had an impact on rewards,
with occupational self-efficacy seemingly playing a mediating

role in this association. It seems vital to note that this web-based
intervention could improve health at work within a short period
and without any direct changes to working conditions. Further
medium- and long-term improvements would be possible if
complex organizational interventions were introduced to reduce
stressors in the workplace. For practice, these results have
several implications. First, the implementation of the web-based
SMI can be recommended due to its beneficial health effects
even if employees experience adverse working conditions.
Second, occupational self-efficacy should be considered as an
important concept in the design of an SMI. Third, the limited
effects of the SMI on the perception of working conditions
underline that organizational top-down changes are still
indispensable. Future studies could further investigate which
factors contribute to the efficacy of a person-centered
intervention on working conditions and examine, for example,
the role of guidance.
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Abstract

Background: In the Netherlands, since 1996, a national cervical cancer (CC) screening program has been implemented for
women aged 30 to 60 years. Regional screening organizations send an invitation letter and information brochure in Dutch to the
home addresses of targeted women every 5 years. Although this screening is free of charge, Turkish- and Moroccan-Dutch women,
especially, show low screening participation and limited informed decision-making (IDM). As Turkish- and Moroccan-Dutch
women indicated their need for information on the practical, emotional, cultural, and religious aspects of CC screening, we
developed a culturally sensitive educational video (CSEV) as an addition to the current information brochure.

Objective: In this study, we aimed to evaluate the added effect of the CSEV on IDM regarding CC screening participation
among Turkish and Moroccan women aged 30 to 60 years in the Netherlands through a randomized intervention study.

Methods: Initial respondents were recruited via several social media platforms and invited to complete a web-based questionnaire.
Following respondent-driven sampling, respondents were asked to recruit a number of peers from their social networks to complete
the same questionnaire. Respondents were randomly assigned to the control (current information brochure) or intervention
condition (brochure and CSEV). We measured respondents’ knowledge and attitude regarding CC screening and their intention
to participate in the next CC screening round before and after the control or intervention condition. We evaluated the added effect
of the CSEV (above the brochure) on their knowledge, attitude, intention, and IDM using intention-to-treat analyses.

Results: The final sample (n=1564) included 686 (43.86%) Turkish and 878 (56.14%) Moroccan-Dutch women. Of this sample,
50.7% (793/1564) were randomized to the control group (350/793, 44.1% Turkish and 443/793, 55.9% Moroccan) and 49.3%
(771/1564) to the intervention group (336/771, 43.6% Turkish and 435/771, 56.4% Moroccan). Among the Turkish-Dutch women,
33.1% (116/350) of the control respondents and 40.5% (136/336) of the intervention respondents consulted the brochure (not
statistically significant). Among Moroccan-Dutch women, these percentages were 28.2% (125/443) and 37.9% (165/435),
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respectively (P=.003). Of all intervention respondents, 96.1% (323/336; Turkish) and 84.4% (367/435; Moroccan) consulted the
CSEV. The CSEV resulted in more positive screening attitudes among Moroccan-Dutch women than the brochure (323/435,
74.3% vs 303/443, 68.4%; P=.07). Women, who had never participated in CC screening before, showed significantly more often
a positive attitude toward CC screening compared with the control group (P=.01).

Conclusions: Our short and easily implementable CSEV resulted in more positive screening attitudes, especially in
Moroccan-Dutch women. As the CSEV was also watched far more often than the current brochure was read, this intervention
can contribute to better reach and more informed CC screening decisions among Turkish- and Moroccan-Dutch women.

Trial Registration: International Clinical Trial Registry Platform NL8453; https://tinyurl.com/2dvbjxvc

(J Med Internet Res 2022;24(10):e35962)   doi:10.2196/35962

KEYWORDS

cervical cancer; screening; informed decision-making; web-based intervention; culturally sensitive educational video; Turkish;
Moroccan; The Netherlands

Introduction

Background
Cervical cancer (CC) is ranked as the fourth most frequently
diagnosed cancer in women worldwide [1]. Since the
introduction of widespread screening programs, there has been
a decline in early- and late-stage CC [2].

In The Netherlands, since 1996, a national CC screening
program has been implemented for women aged 30 to 60 years.
Regional screening organizations send an invitation letter and
information brochure in Dutch to the home addresses of targeted
women every 5 years. Screening is free of charge and is carried
out by the general practitioner (GP) or their practice assistant
who samples a cervical smear (ie, clinician-based sampling).
The smear is initially tested for the presence of high-risk human
papillomavirus (hrHPV), a risk factor for developing CC [3].
If hrHPV is present, the cervical cells in the smear are assessed
for abnormal or precancerous lesions. An important advantage
of HPV-based screening is that it can also be performed by
self-sampling. If this self-sample tests positive for hrHPV, a
cervical smear for cytological examination is sampled at the
GP’s office.

From an individual’s perspective, deciding to participate in
screening involves careful consideration of the uncertain benefits
and risks of adverse effects. This consideration is pivotal in
informed decision-making (IDM), the process in which
individuals base their decisions by optimal use of the
information and weighing all the aspects involved. IDM is only
possible when a woman has adequate decision-relevant
knowledge and her attitude toward participating is consistent
with her (intended) participation [4].

In the Netherlands, especially Turkish- and Moroccan-Dutch
women, representing the largest immigrant population, show
low screening participation and limited IDM regarding
participation [5,6]. Earlier research indicated an overall lack of
knowledge and nonfamiliarity with the possible disadvantages
of CC screening [5].

In decision-making, Turkish- and Moroccan-Dutch women
consider not only factual medical information but also practical,
emotional, cultural, and religious aspects before deciding
whether to screen for CC [5]. However, the current invitation

letters and information brochures predominantly contain factual
medical information. Turkish and Moroccan-Dutch women
often indicated not (thoroughly) reading the invitation letter and
brochure, or simply being unable to understand these materials
due to a lack of good command of the Dutch language [5]. These
women were also shown to make less use of printed media and
more of audiovisual media [7]. As a culturally competent
educational film, which was developed with peer educators,
was successful in improving IDM for prenatal screening among
pregnant ethnic minority women, we considered this beneficial
for IDM in CC screening participation [8]. Thus, we developed
a culturally sensitive educational video (CSEV) that incorporates
more affective information and distributed it via
respondent-driven sampling (RDS).

Objectives
In this study, we evaluated the effect of the CSEV on IDM
regarding CC screening participation among Turkish- and
Moroccan-Dutch women. We hypothesized that adding a CSEV
to the current Dutch information brochure would increase the
IDM to participate in CC screening among these women.

Methods

Study Design
Between November 23, 2020, and August 6, 2021, a randomized
intervention study was conducted with control and intervention
groups. We used web-based RDS to recruit Turkish- and
Moroccan-Dutch women, as previous attempts have shown that
traditional random sampling methods are not effective in
reaching these populations effectively [9]. Their close-knit social
networks also enable respondents to recruit each other easily
[10]. The reporting of this study adheres to the CONSORT
(Consolidated Standards of Reporting Trials) guidelines.

Randomization and Masking
Respondents were asked to complete a web-based questionnaire,
in which questions on IDM were asked before and after the
control or intervention condition. The control group was asked
to read the information brochure regarding the screening
program that is currently sent with the screening invitation. The
intervention group was asked to read the same brochure and
watch the CSEV. This request was displayed on a web page.
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By clicking Next, they first received the brochure, and
subsequently on the next page, the CSEV was displayed.

RDS starts with a convenient, ideally diverse, sample of
members of the population called seeds [11]. Seeds were asked
to complete a questionnaire and recruit a number of their peers
to complete the same questionnaire. The successfully recruited

peers were then also asked to recruit a number of peers. This
recruitment process was continued until the calculated sample
size was reached. Unique tokens were used to follow who
recruited whom and draw recruitment trees. Each new
respondent was randomly assigned to either the control or the
intervention condition (ie, individual-level randomization;
Figure 1).

Figure 1. Study design: respondent-driven sampling where each new respondent was randomly assigned to either the control or intervention group.

Study Population and Recruitment
The inclusion criteria for respondents were as follows: the
women must be (1) aged 30 to 60 years, (2) born in Turkey or
Morocco and have at least one parent born in Turkey or Morocco
(first-generation immigrants) or born in the Netherlands and
have at least one parent born in Turkey or Morocco
(second-generation immigrants), and (3) living in the
Netherlands.

Seeds were recruited via several social media platforms, such
as (1) public and private women’s groups on Facebook, (2)
LinkedIn pages of the involved researchers, (3) the foundation
called the Association Moroccan Doctors Netherlands, (4) the
participating video producer Zouka Media, and (5) Instagram,
wherein we contacted several influencers with many Turkish-
and Moroccan-Dutch female followers and asked them to share
the questionnaire via their story or bio. Throughout the study,
we used paper- and web-based flyers and web-based
infographics to promote and share the link to the questionnaire.
The flyers and infographics were spread among offline
community organizations, foundations, and mosques, as well
as web-based platforms, such as LinkedIn and Facebook.

After completion of the questionnaire, respondents were asked
to invite—through WhatsApp, platforms such as Instagram,
and/or SMS text messaging—a maximum of 20 women from
their social network to complete the same questionnaire. Via
email, reminders were sent to complete and/or forward the

questionnaire and to encourage respondents to remind their
peers to complete the questionnaire (after 1 week of no
participation of at least one peer). To prevent respondents from
potentially influencing each other’s answers, respondents were
explicitly requested not to discuss their answers or watch the
CSEV with others. Initially, an incentive of €10 (US $9.69) was
awarded to every respondent who completed the questionnaire
herself and peer recruited 2 other women who also completed
the questionnaire. From March 3, 2021, to further stimulate
peer recruitment, an incentive of €15 (US $14.53) was awarded
to every respondent who completed the questionnaire herself
and peer recruited 1 other woman who also completed the
questionnaire.

The Questionnaire
We developed a questionnaire for measuring IDM based on the
rational decision model, which supposes that decision-making
is based on a proper understanding of the potential benefits and
adverse effects of cancer screening (decision-relevant
knowledge) in the context of personal situations and preferences
(attitude) [12]. The questionnaire contained 52 questions
regarding sociodemographic characteristics, previous CC
screening participation, knowledge of CC screening, attitude
toward CC screening, and intention to participate in the next
CC screening round. The questionnaire (in Dutch) can be found
in Multimedia Appendix 1. All questions were closed ended,
except for the month and year of birth, the 4 digits of the postal
code, and the size of their social network on the web. We asked
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questions on knowledge, attitude, and intention for
clinician-based sampling, whereas for self-sampling, we
included questions on awareness, perceptions, and intention.
The rationale for this difference was that the self-sampling
method was only introduced in 2017, which meant that not
every woman was aware of its existence. Therefore, instead of
assessing their knowledge and attitude, we questioned their
awareness and perceptions of self-sampling. Knowledge of CC
screening was measured using 3 questions about the subsequent
steps following a test result and the possibility of false-positive
test results, with scores ranging from 0 to 4. Attitude toward
CC screening was measured using 10 questions, with scores
ranging from 0 to 10. These scores were transformed to 0 to
100 scores to facilitate interpretation, following an earlier study
by Korfage et al [13]. In agreement with van den Berg et al [14]
and Korfage et al [13], we classified scores in the range of 45
to 55 as a neutral attitude. Scores <45 were classified as having
a negative attitude, whereas scores >55 were classified as having
a positive attitude. Intention was measured by asking the
respondents whether they intended to participate in the next CC
screening round. All questions regarding attitude and intention
had 3 response options: “Yes,” “I do not know,” and “No.”

Following earlier research, we combined knowledge, attitude,
and intention to calculate IDM (yes or no) [4,8]. An informed
decision was defined as having adequate knowledge (total
score≥3.0), either a positive attitude (total score>55.0) and a
positive intention or a negative attitude (total score<45.0) and
a negative intention. All other combinations were defined as an
uninformed decision.

The questionnaire was made available in Dutch, Turkish, and
Moroccan-Arabic languages. As first-generation Turkish- and
Moroccan-Dutch immigrants have low reading abilities, audio
recordings in Dutch, Turkish, Moroccan-Arabic, and
Moroccan-Berber (a spoken language) languages were made
available. To ensure understandability, the questionnaire was
extensively pretested among 4 low-literate Turkish- and
Moroccan-Dutch women. It took women approximately 15
minutes to complete the questionnaire.

Culturally Sensitive Educational Videos
We developed 3 CSEVs in collaboration with the video producer
and 8 Turkish- and Moroccan-Dutch peer educators and
actresses. As all respondents received the brochure containing
cognitive information on CC screening, we focused the video
on affective information related to CC screening (ie, experiences
and fears). Turkish- and Moroccan-Dutch women especially
need information on the practical, emotional, cultural, and
religious aspects of CC screening [5]. Therefore, the CSEVs
emphasized on 3 themes regarding clinician-based sampling
and ensured balanced content in terms of possible benefits and
adverse effects. The themes included “more assurance regarding
health and the ability to prevent treatment, surgery, or death,
and because of this, being there for their children”; “according
to the Islam, a woman should take good care of her health”; and
“anxiety, shame, and privacy.” For self-sampling, 2 themes
were included, namely “it is easy and not painful to perform
self-sampling” and “trust in themselves to correctly perform
self-sampling and trust in the test result.” The CSEV was

available in Turkish, Moroccan-Arabic, and Moroccan-Berber
(all with Dutch subtitles) languages. Moroccan-Dutch
respondents could choose either a Moroccan-Arabic–spoken or
Moroccan-Berber–spoken video.

To verify whether the CSEVs were understandable and
culturally appropriate, discussions on the web were held among
experts on language, communication, culture, and CC
(screening). The CSEVs were also pilot-tested in a small sample
of Turkish- and Moroccan-Dutch women to verify whether the
feasibility, content, and layout matched their needs and
requirements. Through automatic registration by the
questionnaire software, we measured whether and how long the
respondents consulted the brochure (in both the control and
intervention groups) and whether the intervention group actually
watched the CSEV.

All CSEVs are available on the official webpage of the Dutch
National Institute for Public Health and the Environment [15].
Further details regarding the development and tailoring of the
CSEVs are reported elsewhere [16].

Sample Size Calculation
We used a 2-sided test and assumed a binomial distribution,
95% CI, 80% power, and an absolute change of 10% in IDM.
Therefore, 776 Turkish- and 794 Moroccan-Dutch women (in
total; both the control and intervention groups) were needed.
This absolute change of 10% in IDM was based on a previously
reported study using a developed CSEV and observing an
increase of 11% in IDM regarding prenatal screening among
pregnant ethnic minority women in the Netherlands [8].

Statistical Analysis
The flow of respondents’ inclusion was visualized. Possible
insincere respondents (ie, those that probably participated for
incentives only) were excluded from the data and were not
eligible for an incentive whenever one of the following criteria
was met: (1) the respondent and her recruitee completed the
questionnaire in <5 minutes or (2) the respondent or her
recruitee completed the questionnaire in <5 minutes, and there
was <5 minutes between the start of the 2 participations.
Respondents who indicated no migration background, indicated
a migration background other than Turkish or Moroccan, or did
not indicate their country of birth and/or that of their parent or
parents, and those aged <30 or >60 years were also excluded.

Descriptive statistics were used to provide an overview of the
sample characteristics and the proportion of respondents who
viewed the brochure and CSEV. To analyze the potential
additional effect of the CSEV compared with that of the
brochure only, we conducted intention-to-treat analyses [17].
We assessed the differences in knowledge (or awareness in the
case of self-sampling), attitude (or perceptions in the case of
self-sampling), intention, and IDM (only for clinician-based
sampling) between the control and intervention groups after the
control or intervention condition using chi-square tests or Fisher
exact tests.

As a post hoc analysis, we explored the open-field comments
stated by the respondents at the end of our questionnaire to
explain the differences found between Turkish- and
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Moroccan-Dutch women. A 2-sided P value of <.05 was
considered statistically significant. All analyses were performed
using the statistical software R (R Foundation for Statistical
Computing; version 4.0.2).

Ethics Approval and Consent to Participate
After the Medical Ethics Review Committee of the University
Medical Centre Utrecht confirmed that the Medical Research
Involving Human Subjects Act does not apply to this study (nr:
20/105), we registered the trial at the International Clinical Trial
Registry Platform (trial ID: NL8453). Respondents were
informed about the study (but did not know that there was a
control group and an intervention group) and were asked to give
their digital informed consent.

Results

Flow of the Inclusion of Respondents
Of the 2948 respondents that started the questionnaire, 1931
(65.5%) completed it. After excluding 367 (19.01%)
respondents, 1564 (80.99%) respondents were included in the
analysis, of which 686 (43.86%) respondents were
Turkish-Dutch women and 878 respondents (56.14%) were
Moroccan-Dutch women: 793 (50.7%) respondents in the
control group (350/793, 44.1% Turkish and 443/793, 55.9%
Moroccan) and 771 respondents (49.3%) in the intervention
group (336/771, 43.6% Turkish and 435/771, 56.4% Moroccan;
Figure 2).

Figure 2. Flow diagram of the recruitment and response of respondents.

Sample Characteristics
The final sample (n=1564) consisted of 686 (43.86%)
Turkish-Dutch women and 878 (56.14%) Moroccan-Dutch
women (Table 1). Most respondents in both groups were aged
between 30 and 39 years and were highly educated (295/686,
43% and 454/878, 51.7%, respectively), and 8% (55/686) and

12% (105/878) of the respondents had no official or primary
education, respectively. Overall, 59.9% (411/686) of the Turkish
women and 56.4% (495/878) of the Moroccan women were
second-generation immigrants. Their social network on the web
(ie, other Turkish- or Moroccan-Dutch women aged 30-60 years)
was mostly between 11 and 49 women, and 3% of the
respondents had no social network on the web.
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Table 1. Sample characteristics of the Turkish- and Moroccan-Dutch respondentsa.

National data proportionsa

(Moroccan), %

Moroccan (n=878), n (%)National data proportionsa

(Turkish), %

Turkish (n=686), n (%)Characteristics

Age (years)

40455 (51.8)36418 (60.9)30-39

37328 (37.4)37189 (27.6)40-49

2395 (10.8)2792 (13.4)50-60

N/A0 (0)N/Ab0 (0)Missing value

Educational level

43c68 (7.7)44c82 (12.0)No official education or pri-
mary school

N/A136 (15.5)N/A110 (16.0)Secondary school

39219 (24.9)33198 (28.9)Vocational education

18454 (51.7)23295 (43.0)Higher education

N/A1 (0)N/A1 (0)Missing value

Generation

73383 (43.6)72275 (40.1)First

27495 (56.4)28411 (59.9)Second

N/A0 (0)N/A0 (0)Missing value

Size of their social network on the web

N/A24 (2.7)N/A17 (2.5)0

N/A160 (18.2)N/A180 (26.2)1-10

N/A412 (46.9)N/A273 (39.8)11-49

N/A157 (17.9)N/A96 (14.0)50-99

N/A91 (10.4)N/A74 (10.8)100-249

N/A29 (3.3)N/A33 (4.8)250-499

N/A5 (1.0)N/A13 (1.9)≥500

N/A0 (0)N/A0 (0)Missing value

Language in which the questionnaire was completed

N/A758 (86.3)N/A432 (63.0)Dutch

N/A2 (0)N/A234 (34.1)Turkish or Arabic

N/A118 (13.4)N/A20 (2.9)Missing value (due to techni-
cal failure)

Previous CCd screening participation

N/A433 (49.3)N/A305 (44.5)Every 5 years

N/A125 (14.2)N/A106 (15.5)Not every 5 years

N/A320 (36.4)N/A275 (40.1)Never

N/A0 (0)N/A0 (0)Missing value

aExtracted from databases [18-20].
bN/A: not applicable.
cIncludes no official education, primary school, and secondary school.
dCC: cervical cancer.

In total, 40.1% (275/686, Turkish) and 36.4% (320/878,
Moroccan) of the respondents indicated that they had never
participated in CC screening before, 44.5% (305/686, Turkish)

and 49.3% (433/878, Moroccan) of the respondents reported to
have participated in CC screening once every 5 years, and 15.5%
(106/686, Turkish) and 14.2% (125/878, Moroccan) of the
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respondents participated irregularly. The respondents
represented a wide geographic area across the Netherlands
(Figures S1 and S2 in Multimedia Appendix 1).

Among the Turkish-Dutch women, 33.1% (116/350) of the
control respondents and 40.5% (136/336) of the intervention
respondents viewed the brochure (not statistically significant).
Of the intervention respondents, 96.1% (323/336) of the
respondents viewed the CSEV. Among the Moroccan-Dutch
women, 28.2% (125/443) of the control respondents and 37.9%
(165/435) of the intervention respondents viewed the brochure
(P=.003). Of the intervention respondents, 84.4% (367/435) of
the respondents viewed the CSEV.

Knowledge of CC Screening
Turkish-Dutch respondents with sufficient knowledge of CC
screening increased from 54.6% (191/350) to 68.3% (239/350)
in the control group (+13.7% absolute change; P<.001) and
from 49.1% (165/336) to 63.7% (214/336) in the intervention
group (+14.6%; P<.001). Moroccan-Dutch respondents with
sufficient knowledge increased from 61.4% (272/443) to 78.8%
(349/443) in the control group (+17.4%; P<.001) and from
65.7% (286/435) to 77.5% (337/435) in the intervention group
(+11.8%; P<.001). In terms of knowledge, the CSEV did not
show a significant effect above the information brochure for
either group (see Tables S1 and S2 in Multimedia Appendix 1).

Attitude Toward CC Screening
Turkish-Dutch respondents with a positive attitude toward CC
screening decreased from 70% (245/350) to 67.1% (235/350)
in the control group (−2.9%; not statistically significant) and
from 66.7% (224/336) to 66.4% (223/336) in the intervention
group (−0.3%; not statistically significant). Moroccan-Dutch
respondents with a positive attitude increased from 64.6%
(286/443) to 68.4% (303/443) in the control group (+3.8%; not
statistically significant) and from 65.1% (283/435) to 74.3%
(323/435) in the intervention group (+9.2%; P=.004). Overall,
there was no added effect of the CSEV on the attitude toward
CC screening among Turkish-Dutch women (P=.89; Table S3

in Multimedia Appendix 1). We found that Moroccan-Dutch
women in the intervention group more often had a positive
attitude toward CC screening compared with the control group,
although this difference was not statistically significant (P=.07;
Table S4 in Multimedia Appendix 1). Moroccan-Dutch women
in the intervention group who had never participated in CC
screening before had significantly more often a positive attitude
toward CC screening compared with the control group (P=.01).

Intention and IDM Regarding CC Screening
Participation
Both the control and intervention groups had more often a
positive intention after consulting the brochure or the brochure
and CSEV in both Turkish- and Moroccan-Dutch women (Table
2). An increase was observed among Turkish-Dutch women
from 78.3% (274/350) to 82.6% (289/350) in control
respondents (+4.3%; not statistically significant) and from 79.2%
(266/336) to 84.5% (284/336) in intervention respondents
(+5.3%; not statistically significant). The same holds true for
Moroccan-Dutch women: from 79.9% (354/443) to 86%
(381/443) in control respondents (+6.1%; P=.02) and from 80%
(348/435) to 86.9% (378/435) in intervention respondents
(+6.9%; P=.008). However, the CSEV did not have a statistically
significant added effect above the brochure in terms of intention.

In general, women made more often an informed decision after
the control or intervention condition among Turkish- and
Moroccan-Dutch women (Table 2). Of the control respondents,
IDM increased from 38.6% (135/350) to 44.3% (155/350) in
Turkish-Dutch women (+5.7%; not statistically significant) and
from 43.8% (194/443) to 53.7% (238/443) in Moroccan-Dutch
women (+9.9%; P=.004). The same holds true for intervention
respondents; we saw an increase in IDM from 34.5% (116/336)
to 42.9% (144/336) in Turkish-Dutch women (+8.4%; P=.03)
and from 44.6% (194/435) to 58.9% (256/435) in
Moroccan-Dutch women (+14.3%; P<.001). However, the
CSEV did not have a statistically significant added effect above
the brochure in terms of IDM (Tables 2 and 3).
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Table 2. Intention and informed decision-making (IDM) regarding cervical cancer (CC) screening participation in the control and intervention groups,
before and after reading the brochure (control) or reading the brochure and watching the culturally sensitive educational video (intervention).

PopulationCharacteristics

Moroccan-Dutch womenTurkish-Dutch women

P valueIntervention group
(n=435), n (%)

Control group
(n=443), n (%)

P valueIntervention group
(n=336), n (%)

Control group
(n=350), n (%)

Intention to participate in CC screening (before)

>.99348 (80.0)354 (79.9).85266 (79.2)274 (78.3)Positive

.7668 (15.6)65 (14.7)>.9958 (17.3)60 (17.1)Neutral

.5719 (4.4)24 (5.4).6412 (3.6)16 (4.6)Negative

Intention to participate in CC screening (after)

.77378 (86.9)381 (86.0).56284 (84.5)289 (82.6)Positive

.8041 (9.4)45 (10.2).6341 (12.2)48 (13.7)Neutral

>.9916 (3.7)17 (3.8).9211 (3.3)13 (3.7)Negative

IDM (before)

.86194 (44.6)194 (43.8).31116 (34.5)135 (38.6)Yes

N/A241 (55.4)249 (56.2)N/Aa220 (65.5)215 (61.4)No

IDM (after)

.14256 (58.9)238 (53.7).76144 (42.9)155 (44.3)Yes

N/A179 (41.1)205 (46.3)N/A192 (57.1)195 (55.7)No

aN/A: not applicable.
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Table 3. Informed decision-making regarding cervical cancer (CC) screening participation in the control and intervention groups, after reading the
brochure (control) or reading the brochure and watching the culturally sensitive educational video (intervention).

PopulationCharacteristics

Moroccan-Dutch womenTurkish-Dutch women

P valueIntervention group
(N=435), n (%); unin-

formeda

Control group
(N=443), n (%); unin-

formeda

P valueIntervention group
(N=336), n (%); unin-

formeda

Control group (N=350),

n (%); uninformeda

Age (years)

.2289 (20.5)107 (24.2).62112 (33.3)124 (35.4)30-39

.4762 (14.3)72 (16.3).5152 (15.5)47 (13.4)40-49

.8328 (6.4)26 (5.9).5628 (8.3)24 (6.9)50-60

Educational level

.3225 (5.7)18 (4.1).2032 (9.5)23 (6.6)No official education
or primary school

.3125 (5.7)34 (7.7).1839 (11.6)29 (8.3)Secondary school

.3944 (10.1)54 (12.2).6454 (16.1)62 (17.7)Vocational education

.3585 (19.5)99 (22.3).4067 (19.9)80 (22.9)Higher education

Generation

.6087 (20.0)96 (21.7).1289 (26.5)74 (21.1)First

.2692 (21.1)109 (24.6).31103 (30.7)121 (34.6)Second

Previous CC screening participation

.2556 (12.9)70 (15.8).1571 (21.1)58 (16.6)Every 5 years

.5431 (7.1)26 (5.9).6431 (9.2)37 (10.6)Not every 5 years

.2692 (21.1)109 (24.6).6690 (26.8)100 (28.6)Never

aUninformed: The number of women classified as being uninformed.

Self-sampling
No statistically significant differences were found in awareness,
perceptions, and intention regarding self-sampling when
comparing the control and intervention groups among
Turkish-Dutch women (Table S9 in Multimedia Appendix 1).

More Moroccan-Dutch respondents thought that self-sampling
was easy to perform in the intervention group than in the control
group (284/435, 65.3% vs 252/443, 56.9%; P=.04). In addition,
fewer respondents in the intervention group thought that
self-sampling would be painful compared with the control group
(59/435, 13.6% vs 82/443, 18.5%; P=.05; Table S10 in
Multimedia Appendix 1).

Discussion

Principal Findings
This study evaluated the effect of a CSEV on knowledge,
attitude, intention, and IDM regarding CC screening among
Turkish- and Moroccan-Dutch women aged 30 to 60 years. The
CSEV was watched far more often than the brochure was read
when both were offered together, and the intervention group
who watched the video also studied the brochure more often
than the control group did. The brochure had a significant
positive influence on IDM, whereas the CSEV had an added
effect on the attitude toward CC screening, especially in

Moroccan-Dutch women. These women more often had a
positive attitude toward CC screening compared with the control
group who had read only the brochure. This was especially the
case among women who had never participated in CC screening
before. On the basis of the open-field comments of
Turkish-Dutch respondents, we think we can explain why this
effect was not visible in this group. It appeared that some of the
Turkish-Dutch respondents were offended by the fact that in
the Turkish video, the actress who played having a negative
screening attitude was wearing a headscarf.

Comparison With Prior Work
In line with our results in the control group, a previous study
among Dutch women invited for breast cancer screening also
found that reading the brochure enhanced IDM [21]. Earlier
randomized controlled trials that strived to enhance IDM
regarding cancer screening often developed a decision aid, in
which information was presented differently compared with the
standard letter or brochure [22-26]. These studies tended to
target knowledge instead of the attitudes we aimed at. In line
with our study, an earlier randomized controlled trial in
Germany among all targeted women without a Turkish migration
background also compared the standard information brochure
for breast cancer screening with a newly developed decision
aid [27]. In contrast to our study, more respondents in the
intervention group were knowledgeable compared with those
in the control group. This seems to be related to the fact that
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the same information was presented in both the groups, but only
visually, instead of textually, in the intervention group versus
the control group. We did not include any factual medical
information in the CSEV and did not target women’s knowledge.
In the United Kingdom, a similar intervention study regarding
participation in lung cancer screening among smokers also used
a video and found that it improved knowledge and reduced
decisional conflict [28]. However, this video was also targeted
at increasing knowledge instead of improving screening
attitudes.

Implications for Practice and Policy
We recommend developing videos that incorporate information
provided in the current brochure, as many Turkish- and
Moroccan-Dutch women do not read the brochure (thoroughly)
or are simply unable to read it [5]. In line with this study, a
video has been shown to be more engaging and attractive than
textual information [29]. Considering that approximately
one-third of the control group consulted the brochure, the effect
of the brochure on IDM might be greater if the brochure was
studied more often and in more detail. We expect that in the
context of this study, respondents were more likely to read the
brochure (intensively) than those who received it with the
invitation (ie, the Hawthorne effect). Therefore, we recommend
presenting the CSEV to all women through the invitation letter,
for example, using a weblink or a QR code, so that the CSEV
and all other web-based materials can be accessed easily. We
propose to consider using the CSEV in mosques, community
centers, and educational meetings regarding (women’s) health
for women with limited digital skills. Other options include
distributing the CSEV in women’s groups on Facebook or
broadcasting the CSEV on a loop in the waiting room at the
GP’s office.

Women are invited to undergo CC screening every 5 years and
might not be interested to search for or gather information every
time they are invited. Therefore, in addition to evaluating
different modes of delivering visual information, we recommend
that research be performed on the use of different distribution
channels to reach uninformed women, such as social media and
involvement of influencers, key figures, informants, and
close-knit community groups that were used in this study.

In October 2021, the Dutch Health Council recommended
offering self-sampling as an equivalent alternative to
clinician-based sampling and sending the self-sampling kit
together with the invitation [30]. Owing to the CSEV, more
Moroccan-Dutch respondents thought that self-sampling was
easy to perform and fewer respondents thought that
self-sampling would be painful. Therefore, sending the
self-sampling kit with the invitation should concur with
implementing our CSEV. Overall, as a short intervention that
is easily implemented, our CSEV represents an efficient way
to enhance screening attitudes and facilitate IDM among
immigrant women.

Strengths and Limitations
One major strength of this study was its design as a randomized
intervention study. Worldwide, this study also had one of the
largest samples successfully recruited using web-based RDS

[31]. In addition, our CSEVs were systematically developed
based on extensive qualitative and quantitative research among
Turkish- and Moroccan-Dutch women [5]. The brochure that
we used in our study was sent to all women aged 30 to 60 years
by the regional screening organizations. This brochure has been
used in practice since November 2016 and is considered “usual
care,” and it openly discusses potential benefits and harms of
CC screening. Therefore, we deliberately used the CSEV as an
addition to the brochure to facilitate one’s individual thinking
process and/or discussion with other women and not as a
replacement intervention. Our CSEV can now be easily added
to the existing invitation materials. More importantly, our CSEV
includes other more affective aspects, which are not incorporated
in the brochure but are needed for the Turkish- and
Moroccan-Dutch women to be able to make a conscious decision
on their CC screening participation [5].

However, a number of limitations should also be addressed.
First, owing to the web-based delivery of the questionnaire, we
sampled a greater number of women who were aged 30 to 39
years, were second-generation immigrants, and were highly
educated Turkish- and Moroccan-Dutch women compared with
the national data set of 2020 of Statistics Netherlands [18-20].
However, the 2 randomized groups were comparable, and 12%
(82/686) and 8% (70/878) of the Turkish- and Moroccan-Dutch
respondents reported no official education or completed primary
school, respectively. In addition, regarding previous CC
screening participation, we did find similar rates of at least one
participation in CC screening of 60% (412/686) and 64%
(562/878) of the respondents in Turkish- and Moroccan-Dutch
women versus 64% and 53% of the respondents, respectively,
in previous reports [6].

Second, the time elapsed between the previous screening
invitation and the questionnaire administration, which varied
largely among our respondents, might have affected the
experienced relevance of the decision-making questions and
the previously existing knowledge. However, this heterogeneity
is likely to play a similar role (if it does at all) in both the control
and intervention groups because of the randomization
performed.

Third, the women who participated in our study might have
been different from those who did not participate in the study.
For example, they could be more interested in CC screening as
a topic and be more informed about it than nonparticipating
women. Nevertheless, as we used incentives for successful peer
recruitment, this might also have been the reason that some
respondents participated in the study rather than being interested
in CC screening. In addition, this possible selection bias is likely
to be present in both the control and intervention groups and
should not affect the evaluation of the CSEV.

Fourth, our knowledge construct contained only some facts
about CC screening (ie, the process after a negative or positive
test result and the possibility of false-positive test results).
Although these have been carefully selected, they do not cover
the entire spectrum of decision-relevant information (eg, hrHPV
as the causative agent of CC and its transmission route) and can
only indicate some deficits. Because of the use of RDS, and
thus requesting women to successfully recruit others, we aimed
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to burden the respondents as less as possible and, therefore,
kept the questionnaire as short as possible.

Fifth, health literacy (ie, the degree to which individuals have
the ability to find, understand, and use information and services
to take informed health-related decisions and actions for
themselves and others) is crucial to make informed
health-related decisions. The immigrants are less capable of
applying IDM, as they have lower health literacy levels
compared with nonimmigrants [32]. It would have been
interesting to assess health literacy levels of individuals to
compare the effect of our CSEV among those with limited and
adequate health literacy levels.

Sixth, to further explore the differences found between Turkish-
and Moroccan-Dutch women and their attitudes, thoughts, and
views regarding the current information brochure and the CSEV,
it would have been highly relevant to conduct follow-up
interviews or focus groups, shortly after the end of our
randomized intervention study.

Finally, we based the content of the CSEVs on our earlier
conducted focus groups among offline-recruited Turkish- and

Moroccan-Dutch women [5]. Because of the measures taken
for the COVID-19 pandemic (eg, nationwide lockdowns), we
were unable to approach potential respondents face-to-face and
recruit them offline. The respondents were also unable to recruit
peers offline unless they were household members. This resulted
in a web-based–only, relatively young, mostly second-generation
sample of Turkish- and Moroccan-Dutch women. It would be
highly relevant to evaluate the CSEVs in an offline setting,
which is comparable with our previous study [5]. We believe
that CSEVs could affect IDM (greater) in such a setting for
which the CSEVs were tailored during the development process.

Conclusions
This randomized intervention study has demonstrated that a
CSEV positively affected CC screening attitudes, especially
among Moroccan-Dutch women. Women who were offered
both the brochure and CSEV consulted the brochure more often
than those who received the brochure only. The CSEV was also
watched far more often than the brochure was read. Therefore,
the CSEV can be widely distributed through offline and
web-based channels, in addition to the current information
materials.
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Abstract

Background: The recommended first-line treatment for unspecific and degenerative back pain consists of movement exercises
and patient education.

Objective: Using a pragmatic, randomized controlled trial, we evaluated the effectiveness of a digital home exercise program
on self-reported pain intensity compared with the standard of care for physiotherapy.

Methods: Participant recruitment was based on newspaper advertisements and a consecutive on-site assessment for eligibility
and enrollment. Participants with unspecific and degenerative back pain aged ≥18 years were randomly assigned in a 1:1 ratio
to receive a 12-week stand-alone digital home exercise program or physiotherapy. The digital home exercise program included
4 exercises daily, while physiotherapy included 6 to 12 sessions, depending on the severity of symptoms. The primary outcome
was pain, which was assessed using a verbal numerical rating scale. The clinical relevance of pain reduction was assessed using
the following thresholds: improvement of at least 1.4 points on the verbal numerical rating scale and a pain reduction of at least
30%.

Results: During the study period, 108 participants were assigned to the intervention group and 105 participants to the control
group. The mean difference in pain scores between the 2 groups at 12 weeks was −2.44 (95% CI −2.92 to −1.95; P<.01) in favor
of the intervention group. The group receiving the digital therapeutic achieved a clinically relevant reduction in pain over the
course of the study (baseline vs 12 weeks), with a mean change of −3.35 (SD 2.05) score points or −53.1% (SD 29.5). By contrast,
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this change did not reach clinical relevance in the control group (mean −0.91, SD 1.5; −14.6%, SD 25.3). Retention rates of 89.9%
in the intervention group and 97.3% in the control group were maintained throughout the study.

Conclusions: The use of the app-based home exercise program led to a significant and clinically relevant reduction in pain
intensity throughout the 12-week duration of the program. The intervention studied showed superior improvement in self-reported
pain intensity when compared with the standard of care. Given the great demand for standard physiotherapy for unspecific and
degenerative back pain, digital therapeutics are evolving into a suitable therapeutic option that can overcome the limitations of
access and availability of conventional modes of health care delivery into this spectrum of indications. However, further independent
evaluations are required to support the growing body of evidence on the effectiveness of digital therapeutics in real-world care
settings.

Trial Registration: German Clinical Trials Register DRKS00022781; https://tinyurl.com/hpdraa89

(J Med Internet Res 2022;24(10):e41899)   doi:10.2196/41899

KEYWORDS

back pain; musculoskeletal health; primary care; exercise therapy; digital health; mobile health; mHealth; digital therapeutic;
mobile phone

Introduction

Musculoskeletal conditions are among the top drivers of the
burden of disease worldwide. In the most recent Global Burden
of Disease Study, lower unspecific back pain accounted for
2.5% of all disability-adjusted life years [1]. Although the
spectrum of musculoskeletal conditions shows a high prevalence
among older individuals, it also accounts for significant direct
and indirect health care expenses in other age strata [2]. Hence,
health care systems face the challenge of providing adequate
and timely care for these conditions. The need for adequate and
comprehensive care settings has long been identified [3,4], but
the availability of and access to adequate care often remains
limited. For the spectrum of unspecific musculoskeletal
conditions, physiotherapy and other forms of exercise-based
therapies have been described as first-line treatments in
international guidelines [5-7]. However, these therapies are
often not sufficiently available owing to regulations in health
care policy [8], limited availability of and access to care [9,10],
as well as challenges regarding the delivery of care [11,12].

In this context, new and innovative approaches are required to
develop and sustain a responsive and accessible health care
delivery infrastructure. While numerous attempts have been
made to digitize components of health care related to
musculoskeletal conditions, most have failed to be integrated
into existing health care systems and established care delivery
pathways [13]. However, after the introduction of the Digital
Health Care Act (Digitale-Versorgung-Gesetz) in Germany in
2019, digital health apps, referred to as Digitale
Gesundheitsanwendungen (DiGA), were established as a new
category of digital therapeutics. These digital therapeutics could
receive full market approval from the Bundesinstitut für
Arzneimittel und Medizinprodukte (BfArM), the German body
that assesses pharmaceutical products and medical devices
regarding their safety and effectiveness and grants market
approval. Since then, approved DiGA have become part of the
collectively funded health insurance system and can be
prescribed by all licensed physicians and other health care
professionals in Germany.

In view of this, ViViRA (ViViRA Health Lab GmbH) is the
first self-guided home exercise program for the treatment of
degenerative and unspecific back pain that has been approved
by the BfArM for use in the collectively funded statutory health
insurance system. Thus, ViViRA can be integrated into routine
medical care in Germany. For approval as a DiGA by the
regulatory bodies, a randomized controlled trial demonstrating
effectiveness was conducted. Hence, this publication presents
data from a pragmatic, open-label randomized controlled trial
that aimed to assess the comparative effectiveness of
BfArM-approved DiGA ViViRA against the established
standard of care for physiotherapy.

Methods

Trial Design
We conducted a pragmatic randomized controlled trial with 1
intervention group and 1 control group. As the mode of
administration of the experimental therapy (ie, in the
intervention group) differed significantly from that of the control
therapy (ie, in the control group), an open-label design was
chosen. The intervention group used the digital therapeutic
ViViRA, while the control group received the standard treatment
of physiotherapy. Intervention and control therapies were
administered in parallel. All study-related data (ie, baseline
assessment, primary end point data, and supplementary data)
were collected between August 2020 and April 2021. No
modifications were made to the trial design after its
commencement.

Study Population
Inclusion criteria and requirements for participation in the study
were defined as follows: (1) age >18 years; (2) diagnosis of a
unspecific or degenerative pain of the lower back (International
Classification of Diseases, 10th edition M42.0, M42.1, M42.9,
M53.2, M53.8, M53.9, M54.4, M54.5, M54.6, M54.8, M54.9,
M99.02, M99.03, M99.04, M99.82, M99.83, M99.84, M99.92,
M99.93, and M99.94); (3) a pain score of ≥4 out of 10 based
on the verbal numerical rating scale (VNRS) at the time of
enrollment, which corresponds to at least moderate pain and is
a plausible indicator of therapeutic need in a real-world setting;
(4) possession of a mobile device (ie, smartphone or tablet) and

J Med Internet Res 2022 | vol. 24 | iss. 10 |e41899 | p.405https://www.jmir.org/2022/10/e41899
(page number not for citation purposes)

Weise et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/41899
http://www.w3.org/Style/XSL
http://www.renderx.com/


the ability to use such a device; and (5) ability to provide
informed consent. The exclusion criteria are outlined in Textbox

1.
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Textbox 1. Exclusion criteria to participate in the study.

General

• No pain, pain score ≤3

• Previous movement therapy with a digital therapeutic for musculoskeletal pain

• Use of analgesics before inclusion

• Pregnancy

• Limited legal or insufficient language capacity

• Patients who are not able to follow the exercise protocol; for example, significantly impaired vision or blindness

Internal

• Severe organ failure

• Condition after heart attack

• Need for dialysis

• Cardiovascular decompensation

• Pulmonary insufficiency

• Inflammation

• Past or present rheumatological disease

• Acute inflammatory diseases

• Feverish condition

• Coagulopathy

• Thrombosis

• Blood coagulation disorders including anticoagulant therapy

Musculoskeletal

• Any bone disease

• Injuries or surgery

• Fresh bone or joint fractures

• Injury to spinal column, knee, or hip joint

• Condition after

• Spine, hip, or joint surgery

• Osteotomy (an operation to correct the axis of the leg)

• Arthrodesis (joint stiffening) in 1 of the 2 knee or hip joints

• Inflammatory disease

• Spinal column or joint inflammatory disease

• Situation after spinal column or joint inflammatory disease

• Spinal tumor

• Osteochondrosis dissecans

• Bone necrosis

• Hip dysplasia

• Acute instability of the knee or hip joint

• Free joint bodies

• Disc pathology

• Slipped disc
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Acute herniated disc or other disorder with radiation to the legs (radiculopathy or sensorimotor failure)•

• Herniated disc in the past

• Clinically relevant bone marrow edema

• Osteoporosis

Neuropsychiatric

• Serious neurological disorders

• Stroke

• Paralysis

• Multiple sclerosis

• Convulsions

• Posture insecurity

• Neurological motor disorders

• Sensomotoric disorders

• Vertigo

• Skin sensitivity disorder

• Psychoses

• Dementia

• Drug or alcohol abuse

Oncological

• Metastases of malignant tumors

• Acute malignant disease

Recruitment was initiated through newspaper advertisements
in 2 regions of the state of Baden-Wuerttemberg, Germany.
Patients interested in participation underwent prescreening by
telephone before undergoing an interview and a physical
examination. Physical examinations and baseline assessments
were conducted by an investigator (HW and KW) and study
nurses at an outpatient study center affiliated with the University
Hospital Tübingen. All follow-up assessments were conducted
remotely via phone calls and questionnaires. Study nurses
coordinated follow-up appointments and monitored the
completion of follow-up assessments. The trial ended after 12
weeks. No reason for the early termination of the trial was
reported throughout the duration of the study. Participants were
not paid for trial participation; however, costs resulting directly
from trial participation were reimbursed (eg, travel expenses
incurred for the baseline visit).

Intervention
The interventional group was provided access to the digital
therapeutic on their mobile device free of charge. Patients in
this group were asked to exercise at least three days per week
throughout the trial period of 12 weeks, and patients were
advised to use the default notification setting with a daily
reminder displayed as a push notification. The digital therapeutic
assessed in this trial was the ViViRA app (ViViRA Health Lab
GmbH), an approved DiGA addressing the indication spectrum
outlined earlier. It is a medical device used in mobile devices

with iOS and Android operating systems, providing a
self-directed home exercise program using the principles of
movement therapy and functional regional interdependence, as
outlined elsewhere [7,14-16]. The intervention is only available
through a prescription or an individual subscription. No updates
or changes were made to the therapeutic elements of the app
during the duration of the study. All patients in the
investigational group were provided the same version of the
app. The user interface and the prompt of an example exercise
is displayed in Figure 1. Patients were prompted to complete 4
exercises per day for 12 consecutive weeks. Guidance on how
to exercise is given multimodally using demonstration videos
as well as written and audio instructions. After each exercise,
patients provide feedback that allows for the continuous
adoption of exercise selection based on pain and physical ability.
A progression algorithm modifies exercise composition, exercise
intensity, and exercise complexity. The development of the
progression algorithm was led by an interdisciplinary expert
panel consisting of orthopedic surgeons and physiotherapists.
The control group received treatment in line with German
treatment guidelines [14,17] recommending physiotherapy. This
includes physical exercises lasting 15 to 25 minutes guided by
a certified physiotherapist. According to the German treatment
guidelines [17], treatment includes 6 to 12 such physiotherapy
sessions for each prescription. Patients in the control group were
assigned to receive physical therapy from a certified
physiotherapist of their choice. No influence was exerted on
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therapist choice, scheduling, waiting times, or additional
physiotherapy sessions; however, any costs incurred were
covered by the sponsor of the trial.

Adherence to self-directed exercise therapy was assumed if at
least one training was finished per week, and the patient

confirmed within the app that they had done the exercises by
providing feedback on the feasibility of each exercise and any
pain experienced during the exercises. Information on adherence
to the standard of care was obtained during follow-up interviews.

Figure 1. Patient interface of the digital home exercise program. (A) Home screen with daily prompt to start the exercises in the German language
setting. (B) Composition of 4 exercises based on baseline assessment and patient feedback on pain and functional limitations (left); example of the
video- and audio-guided exercise screen (right). (C) Summary of completed exercises, follow-up assessments, and therapeutic progress achieved.

Outcome Measure
Self-reported pain intensity was assessed as the primary outcome
measure using a VNRS that was linguistically adapted for
German-speaking study participants. A nonequidistant scaling
of pain score categories across an 11-point rating scale from 0
to 10 (corresponding to 0-100 mm on a visual analog scale) was
used [18]. An adaptation to the proposed scale was made
according to Weber et al [19] as the 2 categories for highest
pain were integrated. The primary outcome was assessed at
baseline and after 2, 6, and 12 weeks in both the control and
intervention groups. Secondary analysis of total pain scores and
their changes during the study were determined a posteriori. No
changes were made to the outcome of the study after it had
commenced.

Assessment of Potential Harms
An active surveillance of adverse events (AEs) and unintended
effects in both the intervention and control groups was
conducted during structured interviews at weeks 2, 6, and 12
after the baseline examination. A differentiation of AE and
adverse reactions (ARs) to either the administration of the
intervention or control exercise therapy was conducted
accordingly.

Sample Size
To determine the required sample size, a trial with a 2-sided
question (significance level Cronbach α=5%; power 1-β=80%)
was planned. We used retrospective pilot data from patients

who had been applying the digital home exercise program
between 2018 and 2019. According to the pilot data, the VNRS
limit was 1 score point and the approximate SD was 2.5 score
points. This produced a standardized delta of Δ=1/2.5=0.4.
Calculations with a significance level of Cronbach α=5% and
a power of 1-β=80% resulted in 2×99 patients (N=198). To
account for a potential dropout to study surveys of
approximately 10%, we included 213 patients in this study, with
108 (50.7%) and 105 (49.3%) randomized to the investigation
and control groups, respectively. This study was designed to
assess the superiority of the intervention against the standard
of care treatment.

Randomization
Participants who met the inclusion criteria outlined earlier were
randomly assigned to either the investigation or control group.
Randomization was based on block randomization with a block
size of 6, generated with the SAS module Proc Plan The
allocation ratio at the time of randomization was 1:1. The
randomization list was generated by the data manager of the
Contract Research Organization CRM Biometrics GmbH (DS).
On entry into the study, each patient was assigned a patient
identification number. Using the patient identification number,
each included patient was assigned to either the intervention or
control group in the sequence specified by the randomization
blocks. No deviation from the randomization sequence was
reported.
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Statistical Analysis
Data analysis was performed by a biostatistician who was not
involved in the collection of the analyzed data. Analyses were
performed according to the intention-to-treat (ITT) approach.
Data from participants with pain scores based on the VNRS at
baseline were used in this analysis. It included all participants
who were randomized and showed values for the primary
variable at baseline. Furthermore, we conducted the same
analyses in the prespecified per-protocol (PP) set. This included
patients who were not lost to follow-up. In addition, patients
who stated at the follow-up assessments that they had received
concomitant physiotherapy or taken pain medication during the
intervention period were excluded from the PP analysis of the
intervention group. Similarly, in the control group, patients who
reported concomitant use of pain medications or of a home
exercise program during the study period were excluded. Metric
data are expressed as means with SDs or 95% CIs. Nominal
(sex) and ordinal (shift of pain score) data are reported as the
cell frequencies and percentages of patients in each category.
Between-group and intragroup differences were calculated using
Welch 2-tailed t test. Score differences and Cohen delta were
calculated for confirmatory treatment group comparisons
(intervention vs control group), as well as for intragroup score
changes from baseline to follow-ups. Cohen d was used for a
quantitative and metric-free estimation of the effect size, with
values >0.20 defined as small effect sizes, >0.50 as medium
effect sizes, and >0.80 as large effect sizes [20]. All hypothesis
tests used were 2-sided, and P≤.05 was considered significant.
Statistical analyses were performed with SAS, version 94M7
(SAS), and GraphPad Prism, version 9.1.0 (GraphPad).

Ethics Approval
The study concept was reviewed and approved by the
Institutional Ethics Commission of the Chamber of Physicians

and Surgeons of the State of Baden-Wuerttemberg, Germany,
under the registration number F-2020-122 and in agreement
with current data protection regulations. The trial is registered
at Deutsches Register Klinische Studien (Germany Clinical
Trials Register; World Health Organization Primary Register)
with the identifier DRKS00022781. Before enrollment in the
study, patients received oral information from a trial physician
and written patient information that included a description and
purpose of the study, possible AEs, the name and address of
the insurer, and information on data protection. Thereafter, the
patients signed a written informed consent form to participate
in the study and consented to the use of their data. This
manuscript was prepared in accordance with the 2010
CONSORT (Consolidated Standards of Reporting Trials)
guidelines. The intervention studied is outlined in detail in the
attached TiDier (template for intervention description and
replication) checklist (Multimedia Appendix 1).

Results

Included Patients
A total of 215 patients were enrolled and randomly allocated
to the intervention (n=108) and control (n=107) groups. In total,
2 patients in the control group did not respond to the baseline
follow-up call and did not provide any outcome data after
randomization. Therefore, these patients were considered
screening failures and were not included in the subsequent
analysis. This reduced the total number of patients in the control
group to 105. No violations of the protocol were reported, which
would have led to an exclusion from the study. All patients
enrolled and randomly allocated were included in the ITT
analysis. For the PP analysis, 68 patients of the intervention
group and 71 patients of the control group were considered.
Figure 2 displays the follow-up chart.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flowchart on screening, inclusion, randomization, follow-up, and analysis. ITT:
intention-to-treat; PP: per-protocol.

Recruitment
The recruitment period, as outlined in the Methods section,
started in August 2020. The final follow-up was completed by
the end of April 2021. The baseline assessment was conducted
onsite, whereas follow-up assessments after 2, 6, and 12 weeks

were conducted remotely via phone calls and questionnaires.
The trial ended after 12 weeks. No reason for an early
termination of the trial was reported during the 12-week study
period. Table 1 presents the demographic and clinical
characteristics of the study participants at the baseline.
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Table 1. Baseline demographic and clinical characteristics of the intention-to-treat population (N=213).

Control groupbIntervention groupa

105 (49.3)108 (50.7)Participants, n (%)

57.3 (13.5)57.4 (13.8)Age (years), mean (SD)

62 (59.1)51 (47.2)Sex (female), n (%)

Indications (ICD-10c), n (%)

33 (31.4)44 (40.7)M54.4—lumbago with sciatica

45 (42.9)44 (40.7)M54.5—low back pain

27 (25.7)20 (18.5)M54.9—dorsalgia, unspecified

6.05 (1.64)6.41 (1.65)Pain score (VNRSd 0-10), mean (SD)

aPatients in the intervention group used a digital home exercise program to treat their back pain.
bPatients in the control group received the standard of care (ie, physiotherapy).
cICD-10: International Statistical Classification of Diseases, 10th edition.
dVNRS: verbal numerical rating scale.

Primary Outcome

Intragroup Comparison
Pain responses were assessed with a German VNRS validated
for nonmalignant pain [18]. All patients were analyzed in the
group they were initially assigned to (ie, ITT analysis). From a
mean baseline pain score of 6.42 (SD 1.65), the intervention
group with 108 participants showed a significant reduction of
the pain score to 3.94 (SD 1.79) after 2 weeks to 3.50 (SD 2.21)
after 6 weeks and to 3.06 (SD 2.18) after 12 weeks of exercise
therapy. These changes are of statistical significance as
compared with the assessed baseline pain score (all P<.001;
Cohen d>0.8). Comparing the mean pain scores at baseline and
after 12 weeks, the perceived pain decreased by a mean of −3.35
(SD 2.05) score points and −53.1% (SD 29.5%; Table 2). These

significantly lower values of reported pain scores at week 12
as compared with the baseline assessment were also found in
the PP analysis (P<.001).

The control group of 105 participants reported a reduction in
pain to a lesser extent as compared with the intervention group.
From a reported mean baseline of 6.05 (SD 1.64), a marginal
reduction to 5.71 (SD 1.48; P=.123; Cohen d=0.22) could be
observed after 2 weeks. After 6 and 12 weeks, significant pain
score reductions to 5.47 (SD 1.80; P<.05; Cohen d=0.34) and
5.13 (SD 1.91; P<.001; Cohen d=0.52), respectively, were
observed (Figure 3). This reduction in pain corresponds to a
mean reduction in perceived pain by −0.91 (SD 1.50) score
points and by −14.6% (SD 25.3%; Table 2). Regarding the PP
analysis, the described pain reduced significantly (P<.001).

Table 2. Absolute and relative pain score (VNRSa) changes after 2, 6, and 12 weeks of the intention-to-treat population.

Control group (n=105)Intervention group (n=108)

12 weeks after
baseline

6 weeks after
baseline

2 weeks after baseline12 weeks after
baseline

6 weeks after
baseline

2 weeks after
baseline

−0.91 (1.50)−0.58 (1.65)−0.33 (1.42)−3.35 (2.05)−2.92 (2.07)−2.47 (1.74)Absolute pain score (VNRS)
change, mean (SD)

N/AN/AN/Ac1.371.261.35Cohen d, between-group com-

parisonb

N/AN/AN/A<.001<.001<.001P valued, between-group com-
parison

−14.6 (25.3)−7.14 (28.3)−2.45 (24.2)−53.1 (29.5)−45.7 (30.6)−38.0 (22.9)Relative pain score change (%),
mean (SD)

N/AN/AN/A1.401.311.51Cohen d, between-group com-
parison

N/AN/AN/A<.001<.001<.001P value, between-group compar-
ison

aVNRS: verbal numerical rating scale.
bThe statistical comparison of the between-group differences was calculated using the 2-tailed t test.
cN/A: not applicable.
dA P value of <.05 was considered statistically significant.
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Figure 3. Pain score values assessed by the verbal numerical rating scale (VNRS) in the (A) intention-to-treat (ITT) and (B) per-protocol (PP) populations
at baseline and after 2, 6, and 12 weeks of intervention. Dot plots showing mean pain score values assessed by the VNRS in the patients receiving the
digital therapeutic (investigation group, blue) and the conventional physiotherapy (control group, red) of the (A) ITT and (B) PP populations. Error bars
indicate 95% CIs.

Between-Group Comparison
Participants of the intervention group reported significantly
lower pain intensity than those of the control group from 2
weeks after the start of the study (Figure 2). Between-group
differences in reported pain scores showed significantly greater
improvements in the intervention group at week 2 (−2.12, 95%

CI −2.57 to −1.71; P<.01), week 6 (−2.34, 95% CI −2.84 to
−1.83; P<.01), and week 12 (−2.44, 95% CI −2.92 to −1.95;
P<.01; Table 3) after the baseline assessment. These results are
consistent with those of the PP analysis, where the mean
reported pain score was significantly lower in the intervention
group as compared with the control group (each P<.001;
Multimedia Appendix 2).

Table 3. Between-group differencesa of absolute pain score (verbal numerical rating scale) after 2, 6, and 12 weeks of the intention-to-treat population.

Week 12Week 6Week 2Absolute pain score changes (score points)

−2.44−2.34−2.14Mean

−2.92 to −1.95−2.84 to −1.83−2.57 to −1.7195% CI

<.001<.001<.001P valueb

aThe statistical comparison of the between-group differences was calculated using the 2-tailed t test.
bA P value of <.05 was considered statistically significant.

Secondary Analysis of the Overall Pain Scores
A secondary analysis of the pain scores revealed substantially
fewer pain exacerbations among the participants of the
intervention group as compared with the control group, that is,
an increase in pain intensity compared with the reported pain
score at baseline.

In the intervention group, 2.77% (3/108) of the patients reported
an increase in perceived pain after 6 weeks of treatment but
fully recovered after the full duration of the 12-week exercise

training program. However, most patients of this group (99/108,
91.7%) reported a reduction in perceived pain.

By contrast, in the control group, 22.9% (24/105) of the patients
experienced an increase in pain intensity after 2 weeks and
24.8% (26/105) of the patients after 6 weeks. The number of
patients of the control group who reported an increase in pain
decreased marginally to 17.1% (18/105) after 12 weeks.
However, 60% of the patients of this group reported an
improvement in perceived pain (Table 4).

Table 4. Shift of the pain score from baseline to weeks 2, 6, and 12 within the intention-to-treat population.

Control group, VNRS pain score shiftIntervention group, VNRSa pain score shift

ExacerbationNo changeImprovedExacerbationNo changeImproved

24 (22.9)39 (37.1)42 (40)0 (0)11 (10.2)97 (89.8)Week 2, n (%)

26 (24.8)29 (27.6)50 (47.6)3 (2.8)19 (9.3)95 (87.9)Week 6, n (%)

18 (17.1)24 (22.9)63 (60.0)0 (0)9 (8.3)99 (91.7)Week 12, n (%)

aVNRS: verbal numerical rating scale.
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Adherence
Patients in the intervention group of the ITT cohort were using
the exercise therapy on an average of 5.77 days out of 7 possible
days per week. This corresponds to an adherence rate of 89.9%.
The patients of the control group received a mean of 6.94 (SD
2.94) physiotherapy sessions during the 12-week study period.
Adherence in the control group was defined as the percentage
of 695 physiotherapy sessions completed versus the planned
number of 714 sessions, resulting in an adherence rate of 97.3%.

Adverse Reactions and Adverse Events
ARs were reported by 34.3% (37/108) of the patients in the
intervention group and 29.5% (31/105) of the patients in the
control group and are outlined in Multimedia Appendix 3. None
of the reported ARs led to the discontinuation of the intervention
in either group. In addition, no serious AEs were reported. No
privacy breaches or substantial technical problems were
detected.

Discussion

Principal Findings
This study aimed to assess the comparative effectiveness of a
digital home exercise program and the standard of care treatment
for unspecific and degenerative back pain. The results of the
present study show that the use of a digital home exercise
program can lead to a significant and clinically relevant
reduction in patient-reported unspecific and degenerative back
pain. Moreover, the results of the present study indicate that the
reduction of self-reported pain intensity achievable with the
digital therapeutic under investigation is superior to the
reduction of self-reported pain intensity achieved with the
standard of care (mean difference of the assessed pain score at
12 weeks: −2.44, 95% CI −2.92 to −1.95, in favor of the
intervention group).

Limitations
The data presented in this paper contribute to the growing body
of knowledge in the field of digital therapeutic interventions.
Through a pragmatic randomized controlled design, this trial
aimed to substantiate the evidence for the effectiveness of the
digital home exercise program ViViRA. Nonetheless, we see
factors that limit the external validity of our study and thus the
generalizability of our findings.

First, the decentralized nature of digital therapeutics is a key
factor leading to better access to and availability of therapeutic
resources compared with physiotherapy treatments in a
physiotherapist’s practice. This comes at the expense of a close
interpersonal relationship between patients and health care
professionals, which naturally contributes to the effectiveness
of therapeutic interventions [21,22]. However, as this study
relied on the conventional (ie, out of app) collection of data
through phone calls and questionnaires (as compared with in-app
and real-world data analyses), the trial staff maintained close
contact with the enrolled patients. Therefore, a potential observer
bias as well as a detection bias needs to be taken into account
when applying these results to a real-world use scenario, and

further research on observational or real-world use data is
required to assess the extent of these potential biases.

Second, the enrollment for the trial presented was primarily
based on newspaper advertisements in 2 regions in the German
federal state of Baden-Wuerttemberg. As this differs from the
enrollment in clinical practice, a selection bias is plausibly
present in this study, as a DiGA typically requires a prescription
from a health care professional (ie, provider-driven initiation
of therapy) and is only very limited accessible through
self-selection (ie, patient-driven initiation of therapy). As
discussed earlier, more research on the relevance of these
differential patient motivations is required.

Third, the availability of physiotherapists is limited and varies
by region. Therefore, system-related waiting times are likely to
reduce the therapeutic density (ie, the number of therapeutic
sessions per week), which affects the expected effectiveness in
the control group. This difference in effectiveness between the
intervention and the standard of care is likely to be emphasized
by the decentralized and on-demand availability of digital
therapeutics. This could explain the small effect of
physiotherapy on pain intensity in comparison with the
intervention examined. However, given that improved access
to and availability of digital therapeutics are key characteristics
of digital therapeutics, we considered the comparison
appropriate in the context of real-world use.

Further limitations of this study include the nonblinded design,
which was required as the mode of administration of the
intervention and the control differed significantly and could not
be feasibly blinded, and the lack of an objective measure for
perceived pain intensity, which is challenging because of its
highly individual nature. Generally, self-reported pain intensity
is considered to be validly measured by different pain scales.
This study relied on a German VNRS that has been validated
for nonmalignant pain [18]. In addition, sufficient comparability
with other unidimensional pain intensity scales has been
demonstrated by other researchers [23,24].

Comparison With Prior Work
This study focused on assessing the effectiveness of digital
therapy compared with physiotherapy, the standard of care.
During the 12-week exercise program with digital therapeutic,
91.7% (99/108) of the patients described pain relief. On the
basis of the VNRS, which has been used to quantify pain, this
corresponds to a mean pain relief of −52.3%. These results
complement the existing literature, as comparable positive
effects on pain intensity between −33.3% and −81% have been
described in several studies assessing the effectiveness of digital
therapeutics for musculoskeletal conditions [25-29]. As
equivalent intervention periods of 12 weeks were studied, we
deemed the comparison with these studies applicable. However,
we deem the comparison with the work of Shebib et al [27] as
particularly comparable, as this group also assessed a
stand-alone intervention for the treatment of lower back pain.
This group demonstrated an average pain score improvement
between 52% and 64% [27]. Other works, for example, from
Priebe et al [26] and Sandal et al [29], pursued an add-on
approach to augment the existing infrastructure of care and can,
therefore, not be considered a stand-alone intervention. Apart
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from the effectiveness of the digital therapeutic, it is also
necessary to consider the effects that were achieved in the
control group by the standard of care. Interestingly, similar to
the previously mentioned studies [25-27], the extent to which
physiotherapy was able to achieve a substantial reduction in
pain intensity was lower as compared with digital exercise
therapy. As outlined earlier, we do not interpret this as evidence
for physiotherapy not being effective in reducing self-reported
pain intensity but attribute this primarily to the different modes
of administration. The centralized (ie, onsite) and synchronous
(ie, by appointment) administration of physiotherapy limits the
patient-specific adaptation of therapy intensity and frequency
and, hence, can lead to suboptimal therapeutic results. We see
this reflected in the average therapy frequency in our data:
patients in the intervention group used the exercise training on
average for 5.77 days per week. In comparison, patients in the
control group received 6.94 physiotherapy sessions during the
entire 12-week study period. In addition, the German health
care system has reimbursement limits and provider-specific
budgets for the number of physical therapy sessions available
to a patient. These system-inherent limitations, from our point
of view, reduce the achievable positive effects of conventional
physiotherapy, as observed in this study. By contrast, no such
differences or much smaller differences between a digital
therapeutic and the standard of care treatment have been
observed in other studies. Sandal et al [29], for example,
described significant, though smaller, between-group differences
in pain intensity in favor of an artificial intelligence-based app
to self-management support system for treatment of lower back
pain, compared with standard of care. However, as discussed
earlier, the overall approach of this group differs from the
assessment presented here, as Sandal et al [29] studied an add-on
intervention for the treatment of lower back pain. Similarly,
Koppenaal et al [30] assessed the effectiveness of blended
physiotherapy (digital exercise training with face-to-face
physiotherapy sessions) compared with the standard of care and
found no group differences in pain reduction. However, an
exception to this overall finding is the group of patients at a
high risk of developing persistent low back pain in which
blended therapy was superior to physiotherapy in terms of
average reported pain reduction [30]. These results underscore,
from our perspective, the advantages of decentralized and
immediately available digital therapies for the treatment of back
pain. Furthermore, Lara-Palomo et al [31] found no difference
in effectiveness in reducing back pain when comparing digital
health apps and standard face-to-face care in a systematic review
and meta-analysis. Although the available evidence was only
considered to be of moderate quality, we interpret these results
as yet another indicator for the quality and effectiveness of care
that can be delivered through digital therapeutics.

Finally, and especially in the case of patient-oriented outcomes,
it is important to assess the clinical relevance of the results
obtained. Several thresholds for assessing the clinical relevance
of improvements in pain intensity have been defined in the
literature. Exemplarily, and according to Ostelo et al [32], this
threshold is a reduction of 30%, considered a minimally

important change, while Holdgate et al [33] referred to a 1.4
score point improvement in VNRS as the minimum clinically
significant difference. Applying these criteria underlines that
the effect of the digital home exercise program on pain intensity
was not only statistically significant but also clinically relevant
for patients. The positive effect on a reduction in pain intensity
to a clinically relevant extent was measurable after the second
week of exercise therapy in the investigation group.
Interestingly, the thresholds discussed above were not met by
patients in the control group. To our knowledge, none of the
previous studies with a digital therapeutic focused and described
such an early effect. Before this background, digital home
exercise programs can be considered a veritable therapeutic
option for unspecific and degenerative back pain, which is in
line with national and international treatment recommendations
[6,14,15] that prioritize movement and exercise therapy over
medication and more invasive therapeutic measures. In terms
of potential harms associated with the use of the digital
therapeutic, we noted several AEs, all of which were transient
in nature (Multimedia Appendix 2). Therefore, we conclude
that no intolerable risks are associated with the use of the
program assessed within the scope of its approved indications
and considering the exclusion criteria.

Conclusions
In the face of an increasing burden of disease from unspecific
and degenerative musculoskeletal conditions, novel and
innovative therapeutic approaches are required to ensure access
to and availability of effective care for this spectrum of
conditions. With the introduction of the DiGA into the
collectively funded German health care system, a regulatory
framework for the system-wide implementation of digital
therapeutics was created. This study presents effectiveness data
for one of the first fully approved DiGAs and shows significant
and clinically relevant improvements in self-reported pain
intensity. These improvements were superior to those of the
control group, representing the current standard of care in the
German health care system. By expanding the available
therapeutic capacities for unspecific and degenerative back pain
through a decentralized and on-demand digital therapeutic, a
significant added value in pain management can be achieved.

Given the high burden of disease caused by back pain and the
limited availability of and access to adequate health care, digital
apps are an efficient treatment option for unspecific and
degenerative back pain. In view of this, replication of the present
trial in further independent studies considering additional
outcome parameters, such as function, with longer follow-up
periods, for example, 6 and 12 months, and its applicability in
other countries and health care systems is of great interest. In
addition, particularly in the field of digital therapeutics, further
research on available real-world use data will complement the
formalized and trial-based assessments of such therapeutics. By
generating an increasing body of evidence as well as integrating
digital apps into health care systems, digital therapeutics can
contribute significantly to health care in the indication area.
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Abstract

Background: Musculoskeletal (MSK) pain disproportionately affects people from different ethnic backgrounds through higher
burden and less access to care. Digital care programs (DCPs) can improve access and help reduce inequities. However, the
outcomes of such programs based on race and ethnicity have yet to be studied.

Objective: We aimed to assess the impact of race and ethnicity on engagement and outcomes in a multimodal DCP for MSK
pain.

Methods: This was an ad hoc analysis of an ongoing decentralized single-arm investigation into engagement and clinical-related
outcomes after a multimodal DCP in patients with MSK conditions. Patients were stratified by self-reported racial and ethnic
group, and their engagement and outcome changes between baseline and 12 weeks were compared using latent growth curve
analysis. Outcomes included program engagement (number of sessions), self-reported pain scores, likelihood of surgery, Generalized
Anxiety Disorder 7-item scale, Patient Health Questionnaire 9-item, and Work Productivity and Activity Impairment. A minimum
clinically important difference (MCID) of 30% was calculated for pain, and multivariable logistic regression was performed to
evaluate race as an independent predictor of meeting the MCID.

Results: A total of 6949 patients completed the program: 65.5% (4554/6949) of them were non-Hispanic White, 10.8% (749/6949)
were Black, 9.7% (673/6949) were Asian, 9.2% (636/6949) were Hispanic, and 4.8% (337/6949) were of other racial or ethnic
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backgrounds. The population studied was diverse and followed the proportions of the US population. All groups reported high
engagement and satisfaction, with Hispanic and Black patients ranking first among satisfaction despite lower engagement. Black
patients had a higher likelihood to drop out (odds ratio [OR] 1.19, 95% CI 1.01-1.40, P=.04) than non-Hispanic White patients.
Hispanic and Black patients reported the highest level of pain, surgical intent, work productivity, and impairment in activities of
daily living at baseline. All race groups showed a significant improvement in all outcomes, with Black and Hispanic patients
reporting the greatest improvements in clinical outcomes. Hispanic patients also had the highest response rate for pain (75.8%)
and a higher OR of meeting the pain MCID (OR 1.74, 95% CI 1.24-2.45, P=.001), when compared with non-Hispanic White
patients, independent of age, BMI, sex, therapy type, education level, and employment status. No differences in mental health
outcomes were found between race and ethnic groups.

Conclusions: This study advocates for the utility of a DCP in improving access to MSK care and promoting health equity.
Engagement and satisfaction rates were high in all the groups. Black and Hispanic patients had higher MSK burden at baseline
and lower engagement but also reported higher improvements, with Hispanic patients presenting a higher likelihood of pain
improvement.

(J Med Internet Res 2022;24(10):e41306)   doi:10.2196/41306
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physical therapy; telerehabilitation; digital therapy; eHealth; telehealth; musculoskeletal conditions; race; ethnicity; pain; diversity;
equity; mobile phone

Introduction

Musculoskeletal (MSK) pain affects approximately 1.71 billion
people worldwide [1] and up to 83% of those seeking medical
care through ambulatory visits [2]. MSK pain results in
significant disability and suffering, with a cost of up to US $465
billion in total medical expenditure in 2019 in the United States
[3]. Exercise-based physical therapy is the mainstay of treatment
for more invasive strategies such as surgery [2,4-6]. However,
poor treatment adherence is a barrier to successful treatment
[7-9]. Adherence may be affected by a number of factors, such
as lack of (1) motivation or self-discipline, (2) provider
availability or long waiting list, (3) available time or long
distances to travel, and (4) social distancing and concern for
contracting an illness around other people [8,10,11].

A new era of telehealth, specifically digital physical therapy,
has recently emerged and been brought to the forefront of the
COVID-19 pandemic [11]. These digital programs have shown
great promise in treating a wide range of MSK pain disorders
[9,12,13] and are feasible and effective compared with
traditional physical therapy [14-20]. Digital therapy can increase
access to care by reducing travel limitations and time barriers
and eliminating geographic restrictions. It can also increase
adherence by allowing patients to work at their own pace on
their own time, thereby increasing empowerment and
self-management [7,9].

Despite the many benefits of telehealth, inequities remain based
on age, income, health education, digital literacy, and English
proficiency [21-23]. Individuals with limited digital literacy or
access to technology may not have the means to engage in a
digital care program (DCP) [23]. In addition, one major reason
for inequities in health care, particularly in telehealth and
physical therapy, is race and ethnicity [24-27]. People from
racial and ethnic minority groups have been reported to
experience higher levels of pain and disability [28,29]. In fact,
it is known that pain is not equally experienced among different
racial and ethnic groups [24,25,30,31].

Weber et al [32] reported that Black and Hispanic patients were
more likely to go to the emergency room or an in-person visit
than use telehealth [32]. Other studies have reported similar
results, with patients from racial and ethnic minority groups not
accessing telehealth as much as non-Hispanic White patients
[21,27,33]. Moreover, these populations have been shown to
have worse outcomes following rehabilitation than non-Hispanic
White patients [25,28].

To our knowledge, no study has been conducted on the impact
of race and ethnicity on engagement and outcomes following
telerehabilitation for MSK pain. Previously, we have reported
clinical studies with a multimodal DCP that combined
exercise-based physical therapy with psychoeducational
components via a comprehensive approach to pain management
[17-19,34,35]. Similar results on pain and functionality were
observed with this DCP compared with in-person approaches
in patient rehabilitation after surgery, both in the short and long
term [17-19,36]. The purpose of this study was to assess the
impact of racial and ethnic differences on engagement and
outcomes in a completely remote, multimodal DCP for MSK
pain with the hypothesis that all races would engage similarly
and experience significant improvement in outcomes following
the program.

Methods

Study Design
This study was an ad hoc analysis of an ongoing decentralized
single-arm clinical trial investigating engagement and
clinical-related outcomes after multimodal DCP in patients with
MSK conditions. The home-based DCP was delivered between
June 29, 2020, and May 26, 2022.

Ethics Approval
The trial was prospectively registered at ClinicalTrials.gov
(NCT04092946) on September 17, 2019, and approved by the
New England Institutional Review Board (number 120190313)
on June 18, 2020.
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Population
Adults (aged ≥18 years) from 50 states and the District of
Columbia in the US beneficiaries of health plans covering the
Sword Health program and reporting chronic MSK pain (>12
weeks in the spine, upper, or lower limbs) were eligible to apply
to Sword Health’s (Draper, Utah, United States) DCP.
Employees and their dependents were notified of their eligibility
by their employer via email and on-site events and enrolled on
the web for free through a dedicated website. During the
enrollment phase, all participants were educated about the
program and asked to provide informed consent to participate
in the clinical trial. All participants completed a baseline form
providing demographic data and details regarding their clinical
condition, alongside specific questions to screen for potential
clinical red flags, which were posteriorly assessed by an
assigned physical therapist (PT) through an onboarding video
call. The exclusion criteria were as follows: (1) a health

condition (eg, cardiac or respiratory) incompatible with at least
20 minutes of light-to-moderate exercise; (2) receiving treatment
for active cancer; and (3) reporting any of the following signs
and symptomatology, rapidly progressive loss of strength,
numbness in either the arms or legs, unexplained changes in
bowel or urinary function in the previous 2 weeks.

Intervention
DCP has been previously described elsewhere [17-19,34,35].
The program consisted of a 12-week digitally delivered
intervention that included exercise, education, and cognitive
behavioral therapy (CBT). The participant journey during the
DCP is depicted in Figure 1. Upon registration on the website,
a condition-specific kit is shipped corresponding to a Food and
Drug Administration–listed class II medical device that
comprises inertial motion trackers, a mobile app on a dedicated
tablet, and a cloud-based portal.

Figure 1. Participant journey during the digital care program. CBT: cognitive behavioral therapy; PT: physical therapist.

An onboarding call with an assigned PT is scheduled, which is
then responsible for program tailoring (according to the specific
condition) and monitoring. Personalized exercise sessions were
performed independently at the patients’ convenience (at least
three sessions per week were recommended). In case of a lack
of internet access at home, a Wi-Fi hotspot was provided.
Exercises were displayed on the tablet, with trackers allowing
real-time video and audio biofeedback on performance. A
cloud-based portal stored data related to exercise sessions
(adherence, existence or absence of movement errors, and level
of pain and fatigue during exercises), which enabled
asynchronous and remote monitoring and adjustment by the
assigned PT. The educational content provided was
condition-specific, whereas CBT was general MSK
pain-oriented. The educational component of the program was
developed according to current clinical guidelines and research
and included topics focused on anatomy, physiology, symptoms,
evidence-based treatments, fear avoidance, and active coping
skills (including dealing with feelings of anxiety and
depression). The CBT program was based on mindfulness,
acceptance and commitment therapy, empathy-focused therapy,
fear-avoidance behavior, and constructive coping. Education

and CBT materials were delivered to the patients weekly through
written articles, audio content, and interactive modules.
Bidirectional communication with the assigned PT was ensured
through a built-in secure chat within the smartphone app and
video calls. Participants were considered dropouts if they did
not engage in any exercise sessions for 28 consecutive days.
Participants were included if they were compliant with the
intervention but failed to complete a given reassessment survey.

Demographic Data
Demographic data collected included age, race, MSK condition,
BMI, sex, educational level, and employment status. The race
and ethnic groups included Asian, Black, Hispanic, other, and
non-Hispanic White. The gender category included men,
women, nonbinary, and “prefer not to specify.” A total of 8
educational levels were collected and then grouped as high
school or less, some college including bachelor’s degree, and
some graduate school including master’s and doctorate degrees.
Furthermore, 8 employment status categories were collected
and grouped as employed or not employed.
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Clinical Outcomes
Outcomes were collected at baseline and at 4, 8, and 12 weeks,
and the mean changes were calculated between baseline and 12
weeks. These included the following:

1. Patient engagement was measured as follows: (1)
completion of the program (considered as the retention
rate), (2) total number of completed exercise sessions over
the 12 weeks, (3) total time spent performing exercise
sessions, (4) mean number of sessions per week, (5) total
articles read, (6) total interactions with the PT, and (7)
overall satisfaction through the question: “On a scale from
0 to 10, how likely is it that you would recommend this
intervention to a friend or neighbor?”

2. Pain, using the Numerical Pain Rating Scale, through the
question “Please rate your average pain over the last 7 days”
from 0 (no pain at all) to 10 (worst pain imaginable)”. A
minimum clinically important difference (MCID) of 30%
between the baseline and treatment end was calculated and
analyzed [37,38].

3. Willingness to undergo surgery: “How likely are you to
have surgery to address your condition in the next 12
months?” (range: 0—not at all likely; 100—extremely
likely).

4. Generalized Anxiety Disorder 7-item scale (GAD-7; range
0-21) [39] was used to assess anxiety, and Patient Health
Questionnaire 9-item (PHQ-9; range 0-27) to assess
depression [40]. Higher scores indicated worse symptoms.

5. The Work Productivity and Activity Impairment (WPAI)
for general health questionnaire evaluated overall work
impairment in employed participants (WPAI overall: total
presenteeism and absenteeism from work), presenteeism
(WPAI work), absenteeism (WPAI time), and activity
impairment (WPAI activity) [41]. Higher scores indicated
greater impairment.

Safety and Adverse Events
Patients were advised to report any adverse events to the
dedicated PT through available communication channels for
further assessment.

Statistical Analysis
A descriptive analysis of the study population demographics
(age, BMI, gender, education level, and employment status),
clinical data, and engagement metrics was performed. Patients
who completed the 12-week program were defined as
“completers” and those that did not were defined as
“noncompleters.” Statistical analysis between completers and
noncompleters was performed using the 2-sample independent
t test, Mann-Whitney U test, 1-way ANOVA with Bonferroni
post hoc, or chi-square test.

Latent growth curve analysis (LGCA) was used to estimate
trajectories of outcome variables over time, as previously
described [34]. The analysis was performed following both an
intention-to-treat and a per-protocol approach. Advantages of
using LGCA include providing a measure of fitness and
addressing missing data through full information maximum
likelihood, which outperforms other modern imputation models,
such as multiple imputation by chained equations or listwise
deletion [42]. The model was adjusted for age, gender, and BMI
and fitted as a random effect. Subpopulations were analyzed by
filtering cases at baseline: GAD-7, PHQ-9 ≥5 points [39,40],
and surgery intention and WPAI (overall, work, time, and
activity) >0 points. A robust sandwich estimator was used in
all the models for SEs. The estimated outcome mean changes
were compared between the racial and ethnic subgroups. A
binary logistic regression was created with non-Hispanic White
race as the reference category to address the odds ratio (OR)
for being a dropout and for reaching a 12-week pain MCID,
adjusting for age, gender, BMI, therapy area, education level,
and employment status. A significance level of 0.05 was
considered statistically significant. LGCA was coded using R
(version 1.4.1717; R Foundation for Statistical Computing),
and all other analyses were performed using SPSS (version
17.0; SPSS Inc).

Results

A total of 9550 participants were enrolled, with 6949 (72.8%)
patients having completed the program. The study flow diagram
is presented in Figure 2.
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Figure 2. Flowchart of the study following the CONSORT (Consolidated Standards of Reporting Trials) guidelines.

Baseline Characteristics
The patients’ baseline demographics for the entire cohort and
for the different race and ethnic groups are presented in Table
1.

On average, participants had 49.4 (SD 12.9) years, a BMI of
29.2 (SD 6.7), and a pain score of 4.9 (SD 2.0). The cohort
comprised 58.5% (5589/9550) women, 41.1% (3929/9550) men,
0.3% (24/9550) nonbinary patients, and 0.1% (8/9550) preferred
not to answer. Therapy area distribution was similar to the
prevalence reported for each MSK pain condition according to
the United States Bone and Joint Initiative [43]. The
self-reported race and ethnicity groups followed the report for
the US population based on the 2020 US census [44]
(Multimedia Appendix 1 [44-46], Figure S1).

At baseline, Black and non-Hispanic White patients had a
significantly higher mean age than the other patients (P<.001;
Table 1). The Black patient group included patients with higher
BMI levels (P<.001), a higher proportion of women (P<.001),
and those with low back pain (P<.001; Table 1). Asian patients
were, on average, the youngest (P<.001) and reported the lowest
average BMI score (P<.001; Table 1). Asian patients presented
a higher proportion of individuals with higher education,
whereas Black and Hispanic patients reported the highest

proportion of patients with high school or lower education levels
(P<.001; Figure 3).

A larger proportion of full-time employed patients was observed
within the Asian and Hispanic patient groups than in the other
groups (P<.001).

Regarding clinical outcomes, Black and Hispanic patients
reported the highest level of pain, surgical intent, work
productivity, and activities of daily living impairment at baseline
(P<.001; Table 1). Asian patients reported lower anxiety and
depression burdens (P<.001; Table 1).

Comparing completers (n=6949) with noncompleters (n=2601),
no differences were observed between the proportions of the
different race and ethnic groups (P=.26). Completers were older
(50.0, SD 12.7 vs 47.8, SD 13.4, P<.001), with more patients
reporting knee and shoulder pain and fewer patients reporting
low back pain (P<.001). In addition, completers had a higher
proportion of patients with a postgraduate education (P<.001).
No differences were observed in employment status.

No clinically relevant differences were observed in clinical
outcomes at baseline, despite the statistical differences found
between the groups (an effect of the large sample size). For
example, pain levels were 5.0 (SD 2.0) in noncompleters and
4.9 (SD 2.0) in completers (Multimedia Appendix 1, Table S1).
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Table 1. Baseline characteristics for each racial and ethnic group and for the entire cohort.

Entire cohortP valueOther (462)Non-Hispanic
White (n=6240)

Hispanic
(n=913)

Black (n=1025)Asian (n=910)Characteristic

49.4 (12.9)<.00146.1 (12.5)50.7 (13.2)45.8 (11.4)50.4 (12.4)44.4 (11.2)Age (years), mean (SD)

<.001Gender, n (%)

5589 (58.5)251 (54.3)3642 (58.4)497 (54.5)713 (69.6)485 (53.3)Woman

3929 (41.1)206 (44.6)2576 (41.3)412 (45.1)311 (30.3)424 (46.6)Man

24 (0.3)1 (0.2)19 (0.3)3 (0.3)0 (0)1 (0.1)Nonbinary

8 (0.1)4 (0.9)3 (0.0)1 (0.0)0 (0)0 (0)Prefers not to answer

29.2 (6.7)28.3 (6.2)29.4 (6.7)29.8 (6.4)31.7 (6.9)25.3 (4.4)BMI, mean (SD)

<.001BMI category n (%)

706 (7.4)24 (5.2)476 (7.6)66 (7.2)135 (13.2)5 (0.5)Class III obese

2883 (30.2)120 (26.0)1932 (31.0)299 (32.7)422 (14.6)110 (12.1)Obese

3262 (34.2)168 (36.4)2109 (33.8)350 (38.3)318 (31.0)317 (34.8)Overweight

2614 (27.4)142 (30.7)1676 (26.9)192 (21.0)144 (14.0)460 (50.5)Healthy

85 (0.9)8 (1.7)47 (0.8)6 (0.7)6 (0.6)18 (2.0)Underweight

<.001Therapy area, n (%)

352 (3.7)16 (3.5)216 (3.5)37 (4.1)47 (4.6)36 (4.0)Ankle

191 (2.0)12 (2.6)140 (2.2)12 (1.3)10 (1.0)17 (1.9)Elbow

817 (8.6)43 (9.3)669 (10.7)72 (7.9)84 (8.2)44 (4.8)Hip

1275 (13.4)66 (14.3)813 (13.0)115 (12.6)176 (17.2)105 (11.5)Knee

4097 (42.9)189 (40.9)2735 (43.8)394 (43.2)505 (49.3)349 (38.4)Low back

882 (9.2)48 (10.4)577 (9.2)85 (9.3)56 (5.5)116 (12.7)Neck

1431 (15.0)73 (15.8)896 (14.4)146 (16.0)121 (11.8)195 (21.4)Shoulder

335 (3.5)15 (3.2)194 (3.1)52 (5.7)26 (2.5)48 (5.3)Wrist and hand

<.001Employment status, n (%)

7653 (80.1)364 (78.8)4886 (78.3)777 (85.1)804 (78.4)822 (90.3)Employed full time

427 (4.5)15 (3.2)317 (5.1)37 (4.1)36 (3.5)22 (2.4)Employed part-time

414 (4.3)13 (2.8)303 (4.9)40 (4.4)37 (3.6)21 (2.3)Not employed

139 (1.5)30 (6.5)65 (1.0)11 (1.2)12 (1.2)21 (2.3)Prefers not to answer

796 (8.3)28 (6.1)604 (9.7)32 (3.5)117 (11.4)15 (1.6)Retired

66 (0.7)6 (1.3)38 (0.6)8 (0.9)5 (0.6)9 (1.0)Seeking opportunities

55 (0.6)6 (1.3)27 (0.4)8 (0.9)14 (1.4)1 (0.0)Student

<.001Education level, n (%)

6 (0.1)0 (0)3 (0.0)2 (0.2)1 (0.1)0 (0)Some elementary or middle school

62 (0.6)2 (0.4)35 (0.6)13 (1.4)10 (1.0)2 (0.2)Some high school

994 (10.4)41 (8.9)630 (10.1)160 (17.5)138 (13.5)25 (2.7)High school graduate or GEDa

(includes technical or vocational
training)

2587 (27.1)100 (21.6)1731 (27.7)279 (30.6)398 (38.8)79 (8.7)Some college (some community
college, associate degree)

3242 (33.9)129 (27.9)2161 (34.6)270 (29.6)260 (25.4)422 (46.4)4-year college degree or bachelor’s
degree

329 (3.4)15 (3.2)223 (3.6)29 (3.2)33 (3.2)29 (3.2)Some postgraduate or professional
schooling, no postgraduate degree
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Entire cohortP valueOther (462)Non-Hispanic
White (n=6240)

Hispanic
(n=913)

Black (n=1025)Asian (n=910)Characteristic

2192 (23.0)107 (23.2)1416 (22.7)144 (15.8)179 (17.5)346 (38.0)Postgraduate or professional de-
gree

137 (1.4)68 (14.7)41 (0.7)15 (1.6)6 (0.6)7 (0.8)Prefers not to answer

<.001Clinical outcomes, mean (SD)

4.9 (2.0)4.8 (2.0)4.8 (2.0)5.3 (2.0)5.6 (2.1)4.7 (2.1)Pain level

24.5 (24.7)21.9 (22.7)24.4 (24.6)26.3 (24.9)29.3 (27.8)19.0 (20.1)Surgery intent >0

10.3 (20.1)8.2 (17.4)810.4 (20.0)10.8 (20.5)13.1 (23.6)7.4 (15.6)Surgery intent

9.0 (4.1)9.5 (4.3)8.8 (4.0)9.9 (4.7)9.3 (4.2)8.1 (3.5)GAD-7b≥5

3.2 (4.5)3.3 (4.8)3.2 (4.5)4.0 (5.3)3.0 (4.6)2.7 (4.0)GAD-7

9.5 (4.4)10.0 (4.9)9.5 (4.3)10.0 (5.0)9.5 (4.4)8.2 (3.6)PHQ-9c≥5

2.5 (4.5)2.8 (4.9)2.5 (4.5)2.8 (3.5)2.7 (4.6)1.8 (3.5)PHQ-9

30.1 (19.8)29.7 (19.6)29.1 (19.2)33.6 (22.5)35.6 (21.2)27.6 (18.3)WPAId overall>0

17.7 (21.2)18.4 (21.2)17.3 (20.6)19.5 (23.9)20.3 (23.8)16.0 (19.5)WPAI overall

29.0 (18.8)28.5 (18.5)28.2 (18.2)32.3 (21.6)34.3 (20.3)26.5 (17.3)WPAI work >0

16.8 (20.2)17.4 (20.1)16.4 (19.6)18.4 (22.8)19.1 (22.8)15.1 (18.5)WPAI work

25.5 (30.0)29.4 (33.9)23.1 (27.7)28.6 (33.6)37.1 (36.2)19.1 (23.7)WPAI time >0

2.8 (12.8)4.7 (17.3)2.3 (11.2)3.8 (15.7)4.9 (18.2)2.1 (9.9)WPAI time

37.6 (22.6)37.8 (22.7)37.3 (22.2)39.7 (24.1)42.2 (24.1)33.0 (21.7)WPAI activity >0

29.3 (25.3)29.8 (25.4)30.0 (24.8)28.8 (27.1)30.1 (27.9)23.4 (23.6)WPAI activity

aGED: General Educational Development.
bGAD-7: Generalized Anxiety Disorder 7-item scale.
cPHQ-9: Patient Health Questionnaire 9-item.
dWPAI: Work Productivity and Activity Impairment questionnaire.

Figure 3. Distribution of different education levels across the different race and ethnic groups.
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Engagement Outcomes
The overall completion rate was 72.8% (6949/9550). When
stratifying dropouts by racial and ethnic groups, 20% (184/910)
Asian, 23% (231/1025) Black, 25% (232/913) Hispanic, 20%
(1224/6240) non-Hispanic White, and 20% (94/462) other racial
and ethnic groups patients dropped out by the end of the
program. The OR for being a dropout was estimated having
non-Hispanic White patients as reference, Black patients: 1.14,
95% CI 0.97-1.34; Asian patients: 1.03, 95% CI 0.86-1.23;
Hispanic patients: 1.19 95% CI 1.01-1.40; other patients: 0.95,
95% CI 0.74-1.21. Both Hispanic and Black patients seemed
more likely to drop out than non-Hispanic White patients,
although only Hispanic patients’ OR reached statistical
significance (P=.04).

The studied covariates influenced the obtained OR, with men
(P=.006), younger patients (P<.001), patients with higher BMI
scores (P<.001), less educated (P<.001), and those with spine
conditions (P=.04) being more likely to drop out.

Completers performed an average of 30.1 (SD 20.0) sessions,
comprising an average of 355.4 (SD 239.6) minutes of training
time at an average of 2.8 (SD 1.1) sessions per week (Table 2).
The mean number of education articles read was 2.7 (SD 1.1),
and the mean number of interactions with PT was 16.0 (SD
14.0), whereas mean satisfaction score was 9.0 (SD 1.5; Table
2).

Across the different racial and ethnic groups, Black, Hispanic,
and other patients participated in significantly fewer total
sessions (P<.001, P<.001, and P=.001, respectively), had less
training time (P<.001, P<.001, and P=.001, respectively), and
lower average number of sessions per week (P<.001, P<.001,
and P=.003, respectively) when compared with non-Hispanic
White patients. Black and non-Hispanic White patients read
more articles (P<.001). Black and Hispanic patients were more
satisfied with their treatment results (P values ranging from
<0.001 to 0.009; Table 2). Black patients had a significantly
lower mean number of interactions with PT than non-Hispanic
White patients (P<.001).

Table 2. Twelve-week program engagement data across the racial and ethnic groups following an intention-to-treat and per-protocol analysis. All
values are mean (SD) values.

Entire cohortP valueOtherNon-Hispanic
White

HispanicBlackAsianAnalysis

PPITTPPITTPPITTPPITTPPITTPPITTPPbITTa

30.1
(20.0)

24.3
(20.0)

<.001<.00127.1
(19.0)

22.1
(18.8)

31.4
(20.2)

25.4
(20.3)

26.2
(17.4)

20.5
(17.3)

26.9
(20.4)

21.6
(19.8)

30.5
(20.2)

24.7
(20.3)

Total number of ses-
sions

355.4
(239.6)

285.6
(238.9)

<.001<.001315.7
(220.1)

254.9
(215.6)

368.3
(242.0)

297.2
(242.6)

325.2
(221.2)

253.4
(220.3)

320.1
(247.1)

255.8
(238.6)

356.7
(233.7)

288.4
(236.5)

Total time on ses-
sions

2.8 (1.1)2.6
(1.1)

<.001<.0012.6
(1.0)

2.5
(1.0)

2.9
(1.1)

2.7
(1.1)

2.5
(0.9)

2.4
(0.9)

2.6
(1.1)

2.4
(1.1)

2.8
(1.1)

2.6
(1.1)

Number of sessions
per week

2.7 (1.1)2.3
(4.4)

<.001<.0012.3
(3.9)

2.1
(3.7)

2.8
(5.0)

2.5
(4.6)

2.4
(4.6)

2.1
(4.1)

2.8
(5.1)

2.4
(4.6)

1.9
(3.4)

1.6
(3.1)

Total articles read

16.0
(14.0)

13.1
(13.1)

<.001<.00115.1
(14.5)

13.3
(13.6)

16.7
(14.3)

14.3
(13.5)

15.2
(13.1)

12.6
(12.3)

13.3
(12.9)

11.2
(12.0)

15.1
(13.1)

12.9
(12.3)

Total interactions

with PTc

9.0 (1.5)9.0
(1.5)

<.001<.0018.8
(1.7)

8.8
(1.7)

8.9
(1.5)

8.9
(1.5)

9.3
(1.3)

9.3
(1.3)

9.3
(1.1)

9.3
(1.1)

8.9
(1.4)

8.8
(1.4)

Overall satisfaction

aITT: intention-to-treat analysis.
bPP: per-protocol analysis.
cPT: physical therapist.

Clinical Outcomes at Program End (12 Weeks)
Clinical outcomes at end of the program for each race and
ethnicity were examined following both an intention-to-treat
and per-protocol analysis, as presented in Table 3 (for outcomes
unfiltered at baseline please see Multimedia Appendix 1, Table
S2). The LGCA models for both intention-to-treat and
per-protocol are presented in Multimedia Appendix 1 Tables

S3 and S4, respectively. Both models presented good fit, as
shown in Multimedia Appendix 1, Table S5. Both analyses
provided very similar results, probably because of the
combination of large sample sizes and high completion rates.
The presentation of the results will focus on per-protocol
analysis, as it is more truly reflective of the impact of the
program on clinical outcomes.
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Table 3. Baseline and 12-week estimated outcome metrics following an ITT and PP analysis for each of the racial and ethnic groups (outcomes filtered

at baseline as explained in the table)a.

Entire cohortOtherNon-Hispanic
White

HispanicBlackAsianOutcome and time

PPITTPPITTPPITTPPITTPPITTPPcITTb

Pain level, mean (95% CI)

4.8 (4.8-
4.9)

4.9 (4.8-
4.9)

4.7 (4.5-
4.9)

4.8 (4.6-
5.0)

4.7 (4.6-
4.7)

4.8 (4.7-
4.8)

5.3 (5.1-
5.5)

5.3 (5.1-
5.4)

5.5
(85.4-
5.7)

5.6 (5.4-
5.7)

4.6 (4.5-
4.8)

4.6 (4.5-
4.8)

Baseline

2.8 (2.7-
2.9)

2.9 (2.8-
2.9)

2.8 (2.5-
3.1)

2.9 (2.6-
3.2)

2.8 (2.7-
2.9)

2.8 (2.8-
2.9)

2.7 (2.4-
2.9)

2.7 (2.5-
3.0)

3.2 (2.9-
3.5)

3.2 (3.0-
3.5)

2.6 (2.4-
2.8)

2.6 (2.4-
2.8)

12 weeks

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

2.0 (1.9-
2.1)

2.0 (1.9-
2.1)

1.90
(1.58-
2.22)

1.88
(1.56-
2.21)

1.88
(1.79-
1.97)

1.91
(1.82-
1.99)

2.63
(2.37-
2.88)

2.55
(2.30-
2.81)

2.35
(2.1-
2.6)

2.35
(2.10-
2.61)

2.00
(1.77-
2.24)

2.02
(1.80-
2.25)

Mean change,
OR (95% CI)

Surgery intent>0, mean (95% CI)

23.1
(22.2-
24.0)

24.2
(23.4-
24.9)

21.1
(17.2-
25.0)

21.5
(18.1-
25.0)

22.8
(21.8-
23.9)

24.1
(23.1-
25.0)

25.6
(22.6-
28.7)

25.9
(23.4-
28.4)

27.7
(24.8-
30.6)

28.8
(26.3-
31.3)

17.4
(15.1-
19.6)

18.6
(16.6-
20.7)

Baseline

12.0
(10.9-
13.2)

13.0
(11.9-
14.2)

9.9 (5.2-
14.6)

10.0
(5.6-
14.4)

12.3
(10.9-
13.7)

13.5
(12.1-
14.9)

11.1
(7.8-
14.4)

11.8
(8.5-
15.0)

14.1
(10.0-
18.2)

15.0
(11.0-
19.0)

8.6 (5.4-
11.8)

9.1 (6.0-
12.2)

12 weeks

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

11.1
(9.9-
12.2)

11.1
(10.0-
12.3)

11.18
(6.89-
15.47)

11.56
(7.46-
15.65)

10.51
(9.20-
11.83)

10.54
(9.22-
11.85)

14.46
(11.14-
17.98)

14.16
(10.85-
17.46)

13.62
(9.48-
17.75)

13.85
(9.80-
17.91)

8.79
(5.28-
12.29)

9.54
(6.14-
12.93)

Mean change

GAD-7d ≥5, mean (95% CI)

8.7 (8.5-
8.9)

8.9 (8.8-
9.1)

9.1 (8.3-
9.9)

9.5 (8.8-
10.2)

8.6 (8.4-
8.8)

8.8 (8.6-
9.0)

9.8 (9.1-
10.4)

9.9 (9.4-
10.4)

9.0 (8.4-
9.6)

9.2 (8.8-
9.7)

8.0 (7.5-
8.5)

8.1 (7.6-
8.5)

Baseline

4.7 (4.4-
5.0)

4.8 (4.5-
5.1)

5.0 (3.3-
6.7)

5.2 (3.6-
6.8)

4.8 (4.4-
5.2)

4.9 (4.6-
5.3)

4.9 (3.7-
6.1)

4.9 (3.8-
6.1)

4.1 (3.3-
4.9)

4.3 (3.5-
5.1)

3.7 (2.9-
4.4)

3.6 (2.9-
4.3)

12 weeks

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

4.0 (3.7-
4.3)

4.1 (3.8-
4.4)

4.07
(2.33-
5.81)

4.30
(2.65-
5.95)

3.77
(3.44-
4.10)

3.87
(3.55-
4.20)

4.86
(3.68-
6.04)

4.93
(3.78-
6.08)

4.91
(4.17-
6.65)

4.92
(4.18-
5.66)

4.37
(3.51-
5.22)

4.44
(3.62-
5.26)

Mean change

PHQ-9e ≥5, mean (95% CI)

9.1 (8.9-
9.4)

9.5 (9.3-
9.7)

9.5 (8.4-
10.5)

10.0
(9.1-
10.9)

9.2 (9.0-
9.5)

9.5 (9.2-
9.7)

9.6 (8.8-
10.4)

10.0
(9.4-
10.7)

9.0 (8.4-
3.2)

9.5 (8.9-
10.0)

8.0 (7.4-
8.7)

8.2 (7.7-
8.8)

Baseline

5.0 (4.6-
5.4)

5.2 (4.9-
5.6)

6.2 (4.3-
8.1)

6.6 (4.7-
8.4)

5.0 (4.5-
5.4)

5.2 (4.8-
5.7)

6.2 (4.7-
7.8)

6.4 (4.9-
7.9)

4.4 (3.2-
5.5)

4.7 (3.5-
5.9)

3.6 (2.5-
4.7)

3.8 (2.7-
4.8)

12 weeks

<.001<.0010.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

4.2 (3.8-
4.5)

4.3 (4.6-
3.9)

3.29
(1.33-
5.26)

3.41
(1.54-
5.29)

4.24
(3.80-
4.68)

4.30
(3.86-
4.74)

3.38
(1.86-
4.89)

3.68
(2.19-
5.16)

4.66
(3.48-
5.83)

4.80
(3.63-
5.96)

4.41
(3.36-
5.46)

4.49
(3.47-
5.52)

Mean change

WPAI overall work impairmentf >0, mean (95% CI)

29.4
(28.7-
30.0)

29.9
(29.4-
30.5)

28.9
(26.0-
31.8)

29.4
(26.8-
32.0)

28.3
(27.5-
29.2)

29.0
(28.3-
29.7)

33.1
(30.5-
35.6)

33.5
(31.4-
35.6)

35.0
(32.7-
37.3)

35.6
(33.6-
37.6)

27.1
(25.2-
29.0)

27.5
(25.8-
29.1)

Baseline

15.7
(14.5-
18.8)

16.1
(15.0-
17.3)

17.8
(13.1-
22.5)

17.8
(13.3-
22.4)

15.5
(14.1-
16.8)

16.0
(14.7-
17.4)

18.3
(13.5-
23.1)

18.3
(13.6-
23.1)

15.9
(12.2-
19.6)

15.9
(12.3-
19.6)

12.7
(9.5-
15.9)

13.3
(10.1-
16.5)

12 weeks

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value
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Entire cohortOtherNon-Hispanic
White

HispanicBlackAsianOutcome and time

PPITTPPITTPPITTPPITTPPITTPPcITTb

13.7
(12.5-
14.9)

13.8
(12.6-
15.0)

11.11
(6.32-
15.90)

11.55
(6.93-
16.17)

12.86
(11.49-
14.22)

12.96
(11.61-
14.31)

14.80
(9.78-
19.83)

15.18
(10.25-
20.10)

19.14
(15.30-
22.97)

19.64
(15.91-
23.37)

14.41
(11.08-
17.74)

14.12
(10.83-
17.40)

Mean change

WPAI work impairment>0, mean (95% CI)

28.2
(27.5-
28.8)

28.8
(28.3-
29.4)

27.5
(24.8-
30.2)

28.2
(25.7-
30.6)

27.3
(26.5-
28.1)

28.0
(27.4-
28.7)

31.3
(28.9-
33.7)

32.1
(30.1-
34.1)

33.7
(31.5-
36.0)

34.2
(32.3-
36.1)

25.9
(24.1-
27.7)

26.3
(24.7-
27.9)

Baseline

14.4
(13.3-
15.5)

14.8
(13.8-
15.9)

16.2
(12.0-
20.4)

16.2
(12.2-
20.3)

14.3
(13.0-
15.5)

14.8
(13.6-
16.1)

17.0
(12.4-
21.6)

17.2
(12.6-
21.7)

14.8
(11.2-
18.3)

14.8
(11.4-
18.3)

11.1
(8.4-
13.8)

11.7
(9.0-
14.4)

12 weeks

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

13.8
(12.7-
14.9)

14.0
(12.9-
15.1)

11.35
(7.05-
15.66)

11.92
87.76-
16.08)

13.03
(11.76-
14.31)

13.21
(11.95-
14.46)

14.35
(9.55-
19.15)

14.91
(10.20-
19.62)

18.97
(15.24-
22.70)

19.35
(15.74-
22.96)

14.80
(11.96-
17.65)

14.57
(11.75-
17.38)

Mean change

WPAI work time missed>0, mean (95% CI)

23.9
(21.7-
26.2)

25.5
(23.4-
27.5)

26.8
(17.0-
36.5)

29.5
(20.9-
38.1)

21.6
(19.0-
24.3)

23.0
(20.5-
25.4)

26.8
(19.9-
33.7)

28.5
(22.1-
35.0)

33.0
(25.2-
40.8

37.4
(30.5-
44.4)

20.2
(14.1-
26.4)

19.0
(14.0-
24.0)

Baseline

8.5 (6.1-
11.0)

8.7 (6.1-
11.2)

16.2
(12.0-
20.4)

5.6 (0-
14.24)

8.2 (5.3-
11.1)

8.4 (5.5-
11.3)

7.4 (2.8-
12.0)

7.3 (3.0-
11.5)

13.2
(4.1-
22.2)

13.2
(4.0-
22.4)

7.1 (0-
16.3)

7.7 (0-
17.0)

12 weeks

<.001<.0010.001<.001<.001<.001<.001<.001<.001<.0010.030.04P value

15.4
(12.5-
18.4)

16.8
(19.8-
13.8)

21.70
(8.51-
34.88)

23.92
(11.47-
36.37)

13.44
(9.88-
17.00)

14.55
(11.06-
18.03)

19.42
(13.04-
25.81)

21.15
(15.02-
27.48)

19.81
(10.84-
28.78)

24.20
(14.83-
33.58)

13.08
(1.55-
24.61)

11.27
(0.36-
22.17)

Mean change

WPAI activity impairment>0, mean (95% CI)

36.8
(36.2-
37.4)

37.4
(36.9-
38.0)

37.6
(34.9-
40.4)

37.7
(35.4-
40.1)

36.2
(35.5-
37.0)

37.1
(36.5-
37.7)

38.4
(36.2-
40.5)

39.5
(37.7-
41.3)

41.9
(39.9-
43.9)

42.0
(40.3-
43.8)

33.2
(31.3-
35.1)

32.8
(31.1-
34.4)

Baseline

19.5
(18.6-
20.4)

20.1
(19.2-
20.9)

22.3
(18.3-
26.4)

23.2
(19.2-
27.5)

19.6
(18.5-
20.6)

20.2
(19.2-
21.3)

17.9
(14.8-
21.0)

18.5
(15.4-
21.5)

21.6
(18.3-
24.9)

21.6
(18.3-
24.8)

15.7
(13.1-
18.2)

15.7
(13.3 -
18.2)

12 weeks

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

17.3
(16.4-
18.2)

17.4
(16.5-
18.3)

15.26
(10.95-
19.57)

14.40
(10.1-
18.7)

16.67
(15.62-
17.72)

16.85
(15.82-
17.88)

20.50
(17.27-
23.73)

21.03
(17.89-
24.18)

20.34
(16.87-
23.80)

20.49
(17.13-
23.84)

17.53
(14.76-
20.31)

17.05
(14.39-
19.71)

Mean changes

aData represent the mean (95% CI). P values represent comparisons between 12-week and baseline means with statistically significant P values italicized.
bITT: intention-to-treat analysis.
cPP: per-protocol analysis.
dGAD-7: Generalized Anxiety Disorder 7-item scale.
ePHQ-9: Patient Health 9-item questionnaire.
fWPAI: Work Productivity and Activity Impairment Questionnaire.

Pain Scores and Pain MCID
Patients experienced a significant reduction in mean pain scores
at 12 weeks compared with baseline across all racial and ethnic
groups (P<.001 for each analysis; Table 3). Black and Hispanic
patients had a significantly larger reduction in mean pain level
scores than non-Hispanic White patients (P=.001 and P<.001,
respectively) and those in the other groups (P=.03 and P=.001,
respectively; Multimedia Appendix 1, Table S6). Of note, both

Black and Hispanic patients also had a significantly higher mean
baseline pain level than the other groups (P<.001; Table 3).

When considering the recommended MCID for pain scores,
75.8% (157/207) Hispanic patients had a greater response rate
at the 12-week assessment when compared with all other groups
(Black patients: 167/246, 66.4%, P=.03; non-Hispanic White
patients: 1177/1841, 63.9%, P<.001; and other patients: 76/126,
60.3%, P=.003), with the exception of Asian patients (167/246,
67.9%, P=.06)
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To evaluate whether race and ethnicity was an independent
factor for reaching MCID, logistic regression adjusted for BMI,
age, sex, therapy area, education level, and employment status
was performed with the non-Hispanic White race as the
reference category. Hispanic patients (OR 1.74, 95% CI
1.24-2.45) were more likely to achieve MCID than non-Hispanic
White patients (P=.001). The OR for the other race groups did
not reach statistical significance. Both men (P=.007) and patients
with upper limb pain (P<.001) were more likely to achieve
MCID.

Surgery Intent
The mean surgical intent score was significantly reduced overall
(11.1, 95% CI 9.9-12.2, P<.001) and within each racial and
ethnic group at 12 weeks (Table 3). Hispanic patients reported
a higher reduction in the willingness to pursue surgery (14.46,
95% CI 11.14-17.98), which was statistically different from
Asian patients (P=.02) and non-Hispanic White patients (P=.03;
Multimedia Appendix 1, Table S6), followed by Black patients
(13.62, 95% CI 9.48-17.75), which were only statistically
different from Asian patients (P=.08).

Mental Health (GAD-7 and PHQ-9)
A significant improvement in both mental health metrics was
observed for the overall cohort compared with baseline when
filtering for at least mild anxiety and depression at baseline
(scores above 5) (GAD-7: 4.0, 95% CI 3.7-4.3, P<.001; and
PHQ-9: 4.2, 95% CI 3.8-4.5, P<.001). Reductions were similar
across all racial and ethnic groups in both anxiety and depression
mean changes, with scores ranging between 3.19 and 4.91. Black
patients exhibited the greatest reduction in GAD-7 (4.91, 95%
CI 4.17-6.65), which was statistically different from
non-Hispanic White patients (3.77, 95% CI 3.44-4.10, P=.005),
but not clinically relevant.

Work Productivity
For the overall cohort, there was a significant improvement in
all WPAI domains compared with baseline: WPAI overall: 13.7,
95% CI 12.5-14.9, P<.001; WPAI work: 13.8, 95% CI
12.7-14.9, P<.001; WPAI time: 15.4, 95% CI 12.5-18.4, P<.001;
WPAI activity: 17.3, 95% CI 16.4-18.2, P<.001. Each racial
and ethnic group experienced a significant improvement in the
mean WPAI overall, WPAI work, WPAI time, and WPAI
activity scores (P<.001; Table 3). Black patients recovered the
most from presenteeism (18.97, 95% CI 15.24-22.70), a change
statistically different from non-Hispanic White patients (13.03,
95% CI 11.76-14.31, P=.003) and from other patients (11.35,
95% CI 7.05-15.66, P=.008). Both Black (20.34, 95% CI
16.87-23.80) and Hispanic patients (20.50, 95% CI 17.27-23.73)
recovered more from activities of daily living impairment than
non-Hispanic White patients (16.67, 95% CI 15.62-17.72,
P=.046 and P=.03, respectively).

Discussion

Principal Findings
Among the racial and ethnic groups studied, Black patients
presented baseline demographic characteristics associated with
poorer prognosis (higher prevalence of women [47], older

patients [48], and those with higher BMI levels [49]), whereas
Asian patients were the youngest and reported the lowest
average BMI score. Asian patients presented a higher proportion
of individuals with high education levels, whereas Black and
Hispanic patients reported the highest proportion of patients
with high school or lower education levels.

Overall, completion rates, engagement, and satisfaction levels
were high. However, Black patients had a higher OR for
dropping out with Hispanic patients showing the same tendency.
Black, Hispanic, and other patients engaged less with the
program, but both Black and Hispanic patients reported more
overall satisfaction with the DCP. Black patients interacted the
least with PT but read more articles (alongside non-Hispanic
White) than patients from other races and ethnicities.

Regarding the clinical outcomes, significant pain reduction was
observed in all racial and ethnic groups. Black and Hispanic
patients reported the highest level of pain, surgical intent, work
productivity, and impairment in activities of daily living at
baseline. However, these same patients also reported the greatest
reduction in surgery intention, work productivity, and activities
of daily living impairment by program end, when compared
with the other racial and ethnic groups. Black and Hispanic
patients had a larger reduction in mean pain level scores than
non-Hispanic White patients and those from the other groups;
however, only Hispanic patients reported significantly greater
response rates (157/207, 75.8%).

Comparison With Prior Work
To our knowledge, this is the first study to evaluate racial
differences in engagement and outcomes for a completely
remote, multimodal, digital care plan for MSK pain. Several
reports have shown that people from racial and ethnic minority
groups do not access telehealth as often as non-Hispanic White
patients [21,27,32,33]. However, in this study, the distribution
of different racial and ethnic groups that enrolled in the study
followed the proportions in the US population [44], which is a
testament to the accessibility of a DCP offered through
employers’ health plans.

Overall engagement in the program was high, with a high
satisfaction rate. Black and Hispanic patients dropped out more
frequently than the other groups and had lower metrics for
engagement. However, these 2 groups also had the highest
satisfaction scores. Different combinations of factors might
explain the lower engagement of Black and Hispanic patients
with DCP. Aggravated baseline outcomes may be associated
with poorer adherence [50,51]. Among demographic
characteristics, high BMI scores (as observed in Black patients)
have been associated with lower treatment adherence rates
[49,52]. The higher proportion of patients with lower educational
levels within the Black and Hispanic groups may partially
contribute to lower engagement rates. However, this may not
be causal, as it is well known that patients with poor digital
literacy have a harder time accessing telehealth services [21-23],
and that individuals with lower education levels have lower
digital literacy [53]. Given that racial and ethnic enrollment in
our study was proportional to the US population, it would appear
that employer-based health care plans have helped remove
access barriers to digital rehabilitation. Nevertheless, our
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findings suggest that society at large should focus on tailored
engagement strategies in these groups, as program completers
tend to experience better outcomes than dropouts.

Significant improvements in pain were observed at the
completion of the program across all different racial and ethnic
groups. However, it is known that pain is not equally
experienced among different races and ethnicities [24,25,30,31].
People from racial and ethnic minority groups have been
reported to experience higher levels of pain and disability
[28,29]. This was observed in this study, with both Black and
Hispanic patients having significantly higher baseline pain
scores.

In addition, people from racial and ethnic minority groups have
been shown to have worse outcomes than non-Hispanic White
patients [25,28,33]. However, this was not observed in this
study. Both Black and Hispanic patients had significantly larger
improvements in pain at the completion of the study, with
Hispanic patients reporting higher odds of reaching the 30%
pain MCID independent of age, BMI, therapy area, education
level, sex, and employment status when compared with
non-Hispanic White patients. This trend was similar to that for
work productivity improvement. All patients showed significant
improvement at the completion of the program in all WPAI
subdomains, with Black and Hispanic patients having
significantly larger improvements. It is important to note that
both groups had higher baseline pain and WPAI scores, and
thus, more room to improve. Despite this, the results are still
striking and advocate for digital therapy for MSK pain in these
populations.

Black and Hispanic patients also had significantly higher
baseline surgical intentions, which was not surprising given
their higher pain scores. To our knowledge, no study has
investigated racial or ethnic differences in surgical intent in a
physical rehabilitation setting, which makes comparisons
difficult.

It is well established that MSK pain is associated with comorbid
psychiatric illnesses, specifically depression and anxiety [54].
In this study, all patients showed improved mental health metrics
for depression and anxiety, which were not significantly
different when stratified by race and ethnicity. This finding
supports the notion that all groups benefited similarly from the
program in terms of mental health improvement.

Limitations and Strengths
This study has several limitations, the most relevant being the
lack of a control group, which means that we cannot establish
the program’s causal effect on pain or other clinical outcome
improvements. Nevertheless, the large sample size and applied
statistical analysis allowed not only to compare clinical status
in a before and after scenario but also to compare the trajectories
of distinct groups of patients, which was the main intent of this

study. In addition, the fact that all patients had chronic MSK
conditions provides a more homogeneous sample, where the
natural history of the condition tends not to be as favorable as
in cohorts of patients, including acute MSK pain.

Our study participants may not be representative of the general
adult population, as the study only included beneficiaries of
specific benefits provided by their employers or covered by
health plans offering the service, and who opted into a digital
MSK program, which limits their applicability to clinical settings
with higher proportions of uninsured, elder adults, or patients
who are work-disabled.

This study also does not control for all domains known as social
determinants of health (eg, income), which can influence both
program use and health outcomes, and are known to
disproportionately affect different racial and ethnic groups
[24-27]. Long-term follow-up was also not available to ascertain
the benefits of the program at later time points and to determine
whether any racial differences remained or dissipated.

Further prospective controlled studies are warranted to better
characterize the effects of race and ethnicity on digital therapy
outcomes, namely, controlling for social determinants of health.

Despite these limitations, the results provide evidence of
program applicability in a real-world setting with a large sample
size from a wide geographic representation (50 states and the
District of Columbia in the United States), with a wide diversity
of job types (eg, nurses, manual laborers, and office workers).
Therefore, this cohort allows for a diverse population study,
with large subgroup sample sizes enabling comparisons, which
to the best of our knowledge, have not been reported before.
Another strength is the DCP itself, which is a multimodal
approach that includes exercises using real-time biofeedback,
regular communication with the same PT, and a digital format,
all of which favor accessibility and maximize engagement. An
additional strength of this study is the use of validated outcome
metrics for both physical and psychological outcomes, thereby
permitting translational application and generalizability to other
populations.

Conclusions
This study is the first to evaluate racial differences in a
completely remote, multimodal, DCP for MSK pain. The study
population followed the proportions in the US population. All
racial and ethnic groups experienced significant improvements
in pain as well as high satisfaction rates at program completion.
Black and Hispanic patients had significantly higher baseline
outcome scores, lower engagement metrics, and higher dropout
rates, but they also had higher satisfaction rates and
improvements in those outcomes. Hispanic patients reported
the higher response rate to pain. This study supports the use of
DCPs to improve accessibility, while reinforcing the need to
improve engagement strategies for Black and Hispanic patients.
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MSK: musculoskeletal
OR: odds ratio
PHQ-9: Patient Health Questionnaire 9-item
PT: physical therapist
WPAI: Work Productivity and Activity Impairment
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Abstract

Background: Patients’ knowledge was found to be a key contributor to the success of therapy. Many efforts have been made
to educate patients in their disease. However, research found that many patients still lack knowledge regarding their disease.
Integrating patient education into social media platforms can bring materials closer to recipients.

Objective: The aim of this study is to test the effectiveness of patient education via Instagram.

Methods: A randomized controlled trial was conducted to test the effectiveness of patient education via Instagram among
patients with inflammatory bowel disease. Participants were recruited online from the open Instagram page of a patient organization.
The intervention group was educated via Instagram for 5 weeks by the research team; the control group did not receive any
educational intervention. The knowledge about their disease was measured pre- and postintervention using the Inflammatory
Bowel Disease Knowledge questionnaire. Data were analyzed by comparing mean knowledge scores and by regression analysis.
The trial was purely web based.

Results: In total, 49 participants filled out both questionnaires. The intervention group included 25 participants, and the control
group included 24 participants. The preintervention knowledge level of the intervention group was reflected as a score of 18.67
out of 24 points; this improved by 3 points to 21.67 postintervention. The postintervention difference between the control and
intervention groups was 3.59 points and was statistically significant (t32.88=–4.56, 95% CI 1.98-5.19; P<.001). Results of the
regression analysis, accounting for preintervention knowledge and group heterogeneity, indicated an increase of 3.33 points that
was explained by the intervention (P<.001).

Conclusions: Patient education via Instagram is an effective way to increase disease-related knowledge. Future studies are
needed to assess the effects in other conditions and to compare different means of patient education.

Trial Registration: German Clinical Trials Register DRKS00022935; https://tinyurl.com/bed4bzvh

(J Med Internet Res 2022;24(10):e36767)   doi:10.2196/36767

KEYWORDS

social media; Instagram; patient training; patient education; disease-related knowledge; RCT; randomized controlled trial;
Germany; inflammatory bowel disease; IBD-KNOW
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Introduction

Inflammatory Bowel Disease
Inflammatory bowel disease (IBD) is a group of chronic
inflammatory diseases of the gastrointestinal tract. IBD can be
divided into Crohn disease, ulcerative colitis, and other diseases
that present with different gastrointestinal symptoms, such as
diarrhea [1]. The global prevalence of IBD is approximately
3.9 million females and 3.0 million males, with a worldwide
accelerating incidence [2,3]. The economic burden of IBD is
highly relevant. Annual costs per patient were shown to be
3-fold in IBD patients compared to patients without IBD [4].
A systematic review estimated the mean annual health care cost
of IBD patients in North America to be over US $13,000 [5].
Although the disease is not yet fully understood [6], there exist
different pharmaceutical and nonpharmaceutical interventions.
For pharmaceutical interventions, aminosalicylates,
corticosteroids, antibiotics, immunomodulative treatments, and
different biologic treatments are used, depending on the clinical
stage of IBD [7-10]. Nonpharmaceutical interventions are
surgery—for example, for patients who are refractory to
treatment—and other interventions, such as diets [7]. Because
of a greater likelihood of depression or anxiety, resulting in
lower quality of life, psychotherapy is a common therapeutic
approach as well [7,11-13].

Studies show that IBD patients benefit from higher
disease-related knowledge, which has positive effects on the
clinical outcomes of their overall therapy [14,15]. Not only in
IBD, but also in other, especially chronic, conditions, higher
levels of knowledge of the respective condition are related to
better outcomes [16,17]. Besides the clinical importance,
improving patients’ disease-related knowledge is also
economically important. A study by Colombara et al [18] found
that an increase of 5 points in patients’ disease-related
knowledge on a 24-point scale could decrease costs in the first
year after diagnosis by over €1000.

Disease-Related Knowledge
In this section we describe (1) why higher disease-related
knowledge might positively affect clinical outcomes, (2) how
other studies approached increasing disease-related knowledge
in IBD, (3) how we propose to integrate patient education into
patients’ daily lives via social media, and (4) how others did so
for other indications.

Higher disease-related knowledge has a positive effect on
clinical outcomes because it improves adherence and enables
shared decision-making, which ultimately leads to better clinical
outcomes. Adherence to the treatment plan is a major success
factor in therapy. However, in chronic diseases in particular,
studies found that medication adherence often is insufficient
[19,20]. Higher levels of patient knowledge showed improved
adherence in different conditions, for example, because of higher
motivation or dispelled misbeliefs [21,22]. Several studies found
an improvement in adherence among patients with IBD through
different educational interventions and, subsequently, higher
rates of knowledge of IBD [23,24]. Bucci et al [25] investigated
the factors that predict adherence among Italian patients with
IBD and described the complex treatment plan for IBD, which

requires taking different pharmaceuticals as well as lifestyle
and nutrition changes. Hence, the literature implies a need to
enhance knowledge of IBD and related therapies for better
adherence. In one study by Elkjaer et al [26], patients with IBD
who participated in dedicated educational programs showed
better compliance and adherence, higher disease-related
knowledge, better quality of life, and better coping with
relapsing, leading to a mean relapse duration of 18 days
compared to 77 days in the control group. Shared
decision-making improves clinical outcomes because therapy
plans are aligned with patients’ values, lifestyles, and
expectations [27-29]. In IBD, shared decision-making is a
relevant factor regarding medication therapy [30]. For shared
decision-making, however, equitable collaboration between
patients and physicians is required. Therefore, high levels of
disease-related knowledge are necessary to enable a common
understanding of the underlying problems and therapy options
[29,31]. Additionally, the majority of patients with IBD also
want to be actively involved in the decision-making process,
as surveys have shown [32-34], which might be due to high
levels of uncertainty associated with IBD [35]. Thus, one
important antecedent of shared decision-making is informing
patients.

In the case of IBD, different methods to increase disease-related
knowledge have been studied. One study compared a
telemedicine intervention (ie, SMS text messaging) with
standard care (ie, educational materials at clinical appointments)
to increase disease-related knowledge in IBD. On a 24-point
scale, telemedicine increased the baseline value of 12.6 by 2.4
points, whereas standard care only yielded 1.8 points [36]. In
a study where patients received a CD-ROM for self-paced
autodidactic learning, participants were able to increase their
knowledge from 12.2 points on a 30-point scale to 19.9 points,
an increase of 7.6 points. After 9 months of follow-up, the
knowledge increase was still 5.3 points higher than at baseline
[37]. Another study compared a 12-hour structured education
program with standard care (ie, teaching by physician during
regular visits). On a 24-point scale, the intervention group’s
disease-related knowledge increased by 7.71 points immediately
after the intervention and 7.94 points after 8 weeks compared
to baseline. The control group’s disease-related knowledge
increased by 3.55 points immediately after standard care and
4.05 points after 8 weeks compared to baseline [38]. In another
study, IBD patients were educated through counseling, pill
cards, and educational material. In that study, knowledge
increased from 8.15 points to 11.65 points [23].

Although different approaches for informing patients have
already been studied, they might lack sustainable integration
into patients’ daily lives. For example, Yin et al [39] argued
that most of the educational apps they identified in a scoping
review did not proactively inform patients, and patients instead
had to access the app by themselves manually; this could be
why they were poorly embedded into patients’ daily routines.
In contrast, social media is discussed as a way to potentially
overcome this problem, as many patients already use it and it
comes with high interactivity [40].

Therefore, we suggest distributing information via Instagram.
Instagram is a widely used social media platform with 1 billion
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users worldwide [41]. In most cases, Instagram is accessed via
its corresponding smartphone app, which is used to view and
share pictures or videos. Users can view pictures and videos in
two ways: either via their timeline or the so-called story
function. Media in the timeline is presented once to the user by
the Instagram algorithm but is constantly available. Furthermore,
the algorithm orders content as a result of user-based analyses.
The story function is found in the top section of the Instagram
home screen. Content creators can share short video clips or
pictures in the story function, which are then presented to the
creator’s followers. The order of the stories presented to a user
also depends on user-based analyses. Instagram stories are
available for 24 hours; however, creators can save their stories
using the so-called “Story Highlights” feature, which makes
stories constantly available. Buttons to view different categories
of highlights are available on every user profile. Besides the
sole presentation of pictures or videos in the story, creators can
also integrate different interactive functionalities, such as
quizzes. A recent study evaluated the use of social media
platforms and showed that 59% of Instagram users visited
Instagram at least daily, and more than one-third of the users
visited the app several times a day [42]. Therefore, it seems like
a reasonable approach for integrating patient education into
everyday life.

Previous studies of social media–based interventions showed
overall good results in improving clinical outcomes and patients’
disease-related knowledge about different conditions, for
example, diabetes [43]. A review article by Grajales et al [44]
reported various approaches for applying social media to health
care and patient education. For example, several apps in
Facebook are described as well as weblogs. Another paper
studied the effect of participation in social health networks on
patient activation. Patients with a chronic condition participated
in a dedicated social network where they could find medical
advice from experts as well as the opportunity to connect with
other patients. Higher frequency and duration of usage of this
network was associated with higher patient activation, and
patients felt more empowered [45].

Aim
The purpose of this study is, thus, to explore whether patient
education via Instagram stories is an effective method for
educating and informing adult patients with IBD, as compared
to patients receiving no intervention, by conducting a
randomized controlled trial (RCT).

Methods

Design
This study was conducted as a 2-arm, parallel-group, purely
web-based RCT, following the CONSORT-EHEALTH

(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth) guideline
[46]. The intervention group received disease-related education
for 5 weeks, and the control group did not receive any
educational treatment. Outcomes were assessed before and after
the intervention.

Recruitment and Randomization
For recruitment, we were supported by CHRONISCH
GLÜCKLICH e.V., a German patient organization for IBD.
The organization owns and operates an Instagram page that had
2332 followers (87.5% female) at the start of recruitment.
Comparable pages have similar demographics. They announced
the study in their publicly available “Instagram Stories” and
called for participation. Participants were included if they met
the following inclusion criteria: (1) were older than 18 years of
age, (2) had an Instagram account, and (3) were able to fill out
a questionnaire. After a recruitment period of 2 weeks, we
assigned the participants to either the intervention group or the
control group with the help of the online program Research
Randomizer [47].

Dropout Effects
According to the intention-to-treat concept, we included all data
from all patients in our analysis, whether or not they followed
the study protocol [48]. To ensure robustness of our results, we
conducted all analyses without dropouts. To better understand
dropout effects, we investigated group differences between
included participants and those who dropped out with respect
to current age, age at diagnosis, sex, diagnosis, and prestudy
disease-related knowledge.

Intervention
The intervention group received access to a nonpublic Instagram
account, which posted educational material to the story function
one to three times per week from June 29, 2020, to July 31,
2020. Furthermore, the stories were saved using the highlights
function to be watched later. The posted educational material
was either informational or interactive (Figure 1). All
educational content was publicly available information about
IBD and was reviewed by a physician before being posted by
the research team. For interactive purposes, quizzes, for
example, were included in the educational stories. Furthermore,
participants were not forced or controlled to watch the Instagram
stories; they solely received access and followed the account.
If participants provided feedback or made requests during the
study, such as comments on a story, this was incorporated into
successive stories over the 5-week period (ie, higher contrast).
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Figure 1. Example screenshots of educational material [content in German].

Outcome Measure
The study’s primary outcome was patients’ knowledge about
IBD. The outcome was measured at baseline (ie, preintervention)
and 1 week after the last story was published (ie,
postintervention). We measured patients’ knowledge by
self-assessment using an online questionnaire. There exist
different validated questionnaires to measure patients’
knowledge about IBD, such as the Crohn's and Colitis
Knowledge score [49] and the Inflammatory Bowel Disease
Knowledge (IBD-KNOW) questionnaire [50]. We chose the
IBD-KNOW questionnaire because it is newer and includes a
broader field of disease and therapy-related knowledge, such
as biologics. We measured the patients’ knowledge about IBD
by using the validated IBD-KNOW questionnaire. For this
purpose, we translated the original English-language
questionnaire into German (Multimedia Appendix 1). This
translated version was reviewed by a physician. The
questionnaire consists of 24 items, asking questions about IBD
facts with response options of “true,” “false,” and “I don’t
know.” The number of correct answers—“I don’t know” is not
counted as correct—represents the respondent’s level of
knowledge about IBD and, hence, the score ranges from 0 to
24 points. The online questionnaire was evaluated by application
of the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) [51].

Besides the 24 IBD-specific questions, we included several
sociodemographic and disease-related variables in the
questionnaire, which were included as control variables in the
regression analyses.

Sample Size
To identify the required sample size, we performed a power
analysis. An improvement of 3 points in the IBD-KNOW score
has been previously regarded as clinically important [36,52].
At an SD of 4.7 [15] and to detect group differences of at least
3 points on the IBD-KNOW scale, with power greater than 0.8
and α<.05, a sample size of 40 participants per group was
required [53]. We anticipated a dropout rate of 20%, giving a
total planned sample size of 100 participants.

Statistical Analysis

Overview
We analyzed the study’s data in three ways. Firstly, we
descriptively analyzed the study participants’ characteristics.
Secondly, we conducted inferential statistics to display group
and time differences in level of knowledge. Thirdly, we
conducted a regression analysis. All statistical analyses were
performed with R statistical software (version 4.0.0; R
Foundation for Statistical Computing) [54,55]. We used the
following R packages: pwr for power calculation [53], ggplot2
for data visualization [56], car for calculating variance inflation
factors [57], and dplyr and tidyr for data management [58,59].
P values of less than .05 were considered statistically significant.

Inferential Statistics
To analyze group differences regarding categorical variables,
we used the chi-square test. For continuous variables, we
conducted the Welch t test.

Regression Analysis
To further analyze the effects, account for group heterogeneity,
and ensure robustness of our results, we estimated an ordinary
least squares (OLS) regression model of patients’ knowledge
with a difference-in-differences approach (ie, lm()-function in
R).

The dependent variable in the regression model was the
IBD-KNOW score. The independent variables included a group
dummy variable, a time dummy variable, and an interaction
term of group and time. The group dummy value was 1 for the
treatment group and 0 for the control group; the time dummy
value was 1 for the postintervention questionnaire and 0 for the
preintervention questionnaire. The covariates were chosen to
control for further effects that are associated with learning.
Hence, we controlled for sex (dummy variable, female = 1),
age in years, the duration in years that the patient has lived with
their IBD diagnosis at the time of the study (ie, current age –
age at diagnosis), and diagnosis (dummy variable for Crohn
disease) [60,61]. This is reflected in the following equation:
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y = β0 + β1dSex + β2dDiagnosis + β3Age + β4Duration
+ β5dTime + β6dGroup + β7(dTime × dGroup) + e

In the regression analysis, we followed the intention-to-treat
approach by including all dropouts in the analysis. However,
we estimated further models with dropouts excluded to ensure
robustness of the results. Multicollinearity was checked by
calculating variance inflation factors. Values greater than 5 were
considered to indicate multicollinearity [62].

Ethics Approval
This study was prospectively approved by the Ethics Committee
of Friedrich-Alexander-Universität Erlangen-Nürnberg
(reference No. 202_20 B) and retrospectively registered in the
German Clinical Trials Register (DRKS00022935). All
participants declared informed consent before the study after
receiving patient information and the data privacy declaration.

Results

Out of 83 initial participants, 40 (48%) were assigned to the
control group and 43 (52%) were assigned to the treatment
group. In total, 15 participants from the control group and 19
from the intervention group were lost to follow-up because they
did not fill out both questionnaires and were, thus, regarded as
dropouts. This left a total of 49 participants—25 (51%) in the
control group and 24 (49%) in the intervention group—who
were analyzed (Figure 2). However, all outcome analyses are
reported with and without dropouts in this section. The
characteristics of the intervention and control group participants
are displayed in Table 1; we did not find statistically significant
differences between the control and intervention groups.

We did not find significant group differences between the
included participants and the dropout group with respect to age
at diagnosis (P=.34), sex (P=.37), type of diagnosis (P=.93),
and prestudy IBD knowledge (P=.17). A difference in age
between the dropout group and the included participants was
found (P=.04), with the dropouts being 3 years older on average.
This difference in age did not yield a difference regarding the
length of IBD history, which is the difference between current
age and age at diagnosis (P=.27).

Without excluding dropouts (ie, intention-to-treat approach),
preintervention knowledge in the control group was reflected
by a mean of 17.73 (SD 3.72) points, and preintervention
knowledge in the intervention group was reflected by a mean
of 18.33 (SD 3.13) points; the difference was not statistically
significant (t76.47=–0.79, 95% CI –2.11 to 0.91; P=.43). When
dropouts were excluded, preintervention knowledge in the whole
sample was reflected by a mean of 18.47 (SD 3.40) points. With
dropouts excluded, preintervention knowledge in the control
group was reflected by a mean of 18.28 (SD 3.76) points, and
preintervention knowledge in the intervention group was
reflected by a mean of 18.67 (SD 3.05) points. The difference
between the control and intervention groups before the
intervention was not statistically significant (t45.73=–0.40, 95%
CI –2.35 to 1.58; P=.69). Postintervention knowledge was
reflected by a mean of 18.08 (SD 3.60) points in the control
group and 21.67 (SD 1.55) points in the intervention group.
This difference of 3.59 points was statistically significant
(t32.88=–4.56, 95% CI –5.19 to –1.98; power=0.99; P<.001).
The pre- and postintervention knowledge levels by the control
and intervention groups are displayed in Figure 3.

Figure 2. Flowchart of participants.
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Table 1. Characteristics of the study participants.

P valueχ2a (df)t testa (df)Full sample (N=49)Intervention group
(n=24)

Control group
(n=25)

Characteristics

.55N/Ab–0.60 (45.53)26.41 (6.22)26.96 (6.69)25.88 (5.82)Age (years), mean (SD)

.47N/A0.73 (43.91)20.65 (7.24)19.88 (8.07)21.40 (6.42)Age at diagnosis (years), mean (SD)

Sex, n (%)

.490.5 (1)N/A47 (96)24 (100)23 (92)Female

——cN/A2 (4)0 (0)2 (8)Male

Type of diagnosis, n (%)

.640.2 (1)N/A30 (61)16 (67)14 (56)Crohn disease

——N/A19 (39)8 (33)11 (44)Ulcerative colitis

Knowledge about IBDd, IBD-KNOWe score, mean (SD)

.69N/A–0.40 (45.73)18.47 (3.40)18.67 (3.05)18.28 (3.76)Preintervention

<.001N/A–4.56 (32.88)19.84 (3.31)21.67 (1.55)18.08 (3.60)Postintervention

aThe t test (2-tailed) and chi-square test were used to measure the difference between the control and intervention groups.
bN/A: not applicable; this test was not applied to this variable.
cThe chi-square value and its related P value for a group are reported in the top row for that group.
dIBD: inflammatory bowel disease.
eIBD-KNOW: Inflammatory Bowel Disease Knowledge; scores range from 0 to 24 points.

Figure 3. Levels of pre- and postintervention knowledge by control and intervention groups. IBD-KNOW: Inflammatory Bowel Disease Knowledge.

The results of the OLS regression analysis are displayed in
Table 2. Model 1 shows the baseline effect of the selected
control variables on patients’ knowledge scores. Model 2 adds
the time and group dummy variables, as well as the interaction
term for these variables. The variable of interest is the interaction
term, as it describes the main treatment effect. Patients in the

treatment group increased their knowledge score by 3.07 points,
all other things being equal, compared to the control group
(P=.001; see Multimedia Appendix 2 for a visualization of the
treatment effect).

R2 represents the proportion of variance in the dependent
variable that is explained by the model. In model 1, 1% of the
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variance in patients’ knowledge is explained by the control

variables. After adding the independent variables, the R2 of
model 2 shows that 18% of the variance of patients’ knowledge

is explained by the variables. The adjusted R2, which considers
the number of control variables, in model 2 indicates that 13%
of the variance is explained by model 2, a gain of 15 percentage
points (pp) compared to model 1. The statistically significant
F test values in model 2 indicate an overall significant model
[61].

Variance inflation factors were all well below the cutoff of 5,
with a maximum in model 1 of 1.06 in age and a maximum in
model 2 of 2.57 in the interaction term; this was expected, as
the interaction was a linear combination of two other variables.
Given these results, we do not consider multicollinearity to be
a major problem in our analysis.

Results of the robustness test, including the participants who
dropped out, confirmed our results: estimate of time × treatment

= 3.21 (P=.01); adjusted R2=0.17; F7,90=3.83 (P=.001). The
results can be found in Table S1 in Multimedia Appendix 3.

Qualitative feedback from participants was incorporated during
the study. For example, participants noted that some story slides
were difficult to read, as IBD can affect patients’ eyes.
Therefore, story slides were designed in high contrast after this
feedback. Furthermore, we received a lot of positive feedback.
Participants regarded the interventions as useful and meaningful.
They also noted that they learned a lot—especially newly
diagnosed participants—and stated that these interventions
should be much more common.

Table 2. Difference-in-differences regression of knowledge about inflammatory bowel disease.

Model 2Model 1Variables and measures

P valueValueP valueValue

Control variables, estimated β coefficient (SE)

<.00119.72 (1.77)<.00119.82 (1.87)Constant

.23–1.45 (1.19).60–0.68 (1.29)Female

.790.16 (0.59).590.34 (0.63)Crohn diseasea

—Reference—bReferenceUlcerative colitisa

.53–0.03 (0.05).49–0.03 (0.05)Age

.950.00 (0.05).510.04 (0.06)Duration

Independent variables, estimated β coefficient (SE)

.690.33 (0.83)N/AN/AcTimea

.380.64 (0.72)N/AN/AInterventiona

.0013.07 (1.17)N/AN/ATime × intervention

—132—132Observations, n

—0.18—0.01R 2

—0.17N/AN/ADelta R2

—0.13—–0.02Adjusted R2

—0.15N/AN/ADelta adjusted R2

<.0013.889 (7, 124).860.320 (4, 127)F test (df)

aDummy variable.
bNot calculated.
cN/A: not applicable; model 1 was not applied to these variables or measures.

Discussion

Principal Findings
To answer the research question of whether educating adult
patients with IBD via Instagram is effective, we conducted an
RCT in a sample of 49 participants. After 5 weeks of training
via Instagram stories, the intervention group yielded statistically
significant and relatively higher levels of disease-related

knowledge. Therefore, this study provides evidence for the
effectiveness of patient education via Instagram.

With a mean of 76.95% correct answers (mean score of 18.47
out of 24), our sample showed an already-high mean knowledge
level at baseline, compared to other studies in this area. For
example, Abutaleb et al [36] found 52.50% correct answers
during the preintervention stage. Others found mean baseline
knowledge levels of 26.67% (8/30) [63], 33.33% (8/24) [18],
40.67% (12.2/30) [37], 40.79% (9.79/24) and 48.25% (11.58/24)
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[38], and 62.90% (18.87/30) [64]. Along with the relatively
high baseline knowledge level, our study showed an increase
in mean disease-related knowledge by 12.50 pp. Other studies
achieved increases of 10 pp with telemedicine and 7.5 pp with
standard interventions [36], 25.33 pp with a CD-ROM program
[37], and 32.13 pp with a formal education program and 14.79
pp with a standard intervention [38]. Hence, the knowledge
increase presented in our study is on the lower bound compared
to other interventions. However, the study designs are not
comparable without restrictions, for example, because of
different intensity and frequency of interventions. Furthermore,
higher baseline values come with less improvement from
educational interventions [36], which is reasonable due to a
saturation effect and a natural upper limit of the knowledge
scale.

The dropout rate in this study was 41% (34/83) and was, thus,
relatively high compared to other studies; for example, one
study found 25% loss to follow-up after 6 months and 26% loss
to follow-up after 12 months [36], whereas another study found
16% dropout immediately after the intervention and 22% loss
to follow-up after 8 weeks [38]. We believe that the high dropout
rate in our study may be due to the fact that, in order to prevent
forced results, we did not send reminders to the participants to
complete the questionnaires. Although the dropout group did
not differ from the included participants regarding parameters
such as length of IBD history or prestudy knowledge, dropouts
were significantly older than included participants. A reason
for this observation might be that older patients might have
lower computer literacy and, thus, were more likely to drop out.
Hence, future studies could address this issue in further
elaborating the interplay of age and learning via social media
in patients with IBD.

The unexpectedly high dropout rate ultimately led to a relatively
low number of participants. This was not in line with the
assumptions used for the power analysis. Future studies should
take measures to either (1) expect a higher dropout rate and
recruit a larger number of participants or (2) decrease the overall
dropout rate. The latter may be achieved by using reminders or
incentives. We did not take these measures in our study in order
to reduce bias.

Finally, we found a high proportion of women among the
followers of the organization specific to patients with IBD on
Instagram. This may suggest that men generally have different
coping strategies for dealing with IBD than women.

Contribution
To our knowledge, this was the first study to analyze the effect
of patient training via Instagram on patients’ disease-related
knowledge. One main contribution of our study is evidence for
the effectiveness of patient education via Instagram. Future
work in this area should focus on disseminating educational
content in regular care. One major challenge for this could be
quality assurance because everybody could publish apparent
educational content without expert review. If health care
providers actively use social media platforms in the future, a
high level of quality in educational material could be ensured.
Another challenge might be the long-term motivation of users.
Potential ways to reduce retention issues are high-quality

content, high levels of monitoring and interaction, or the use of
Instagram ads to increase visibility. However, the latter
mechanism, in particular, might bias results in the study setting
and would be more suitable in a regular care setting.

A difference in this study compared to previous studies is that
participants in this study did not participate in dedicated
trainings. This means that patients only received access to the
Instagram account and were responsible for watching or actively
participating. In classical patient educational interventions [38],
patients actively participate in a training session, a physician
visit, or similar. As it is not feasible in a regular care setting to
ensure continued training via dedicated trainings, we contributed
by providing a solution that is integrated into patients’ daily
routines, without a cost to health care providers, and that can
be used on a long-term and continued basis. Once educational
material is designed and conceptualized, it could be used and
reused in a large patient population. Compared to other,
previously mentioned, ways of increasing patients’
disease-related knowledge, our approach is easy to implement,
comes with good scalability, integrates educational content into
patients’ lives, and addresses young people in particular.
Furthermore, the proposed approach allows possibilities for
patient organizations to closer engage with patients. Another
application of educational social media interventions is the
education of patients’ friends and family members. As those
people are often affected or involved in the care of patients with
chronic conditions, higher disease-related knowledge among
friends and family members could also increase their
understanding of patients’ situations and therapies, which
subsequently would support patients. Furthermore, we
contributed by providing a German translation of the
IBD-KNOW questionnaire.

Limitations
Our study comes with several limitations. First, patient
recruitment took place via the Instagram pages of a German
patient organization. This might bias and underestimate results
for the total relevant population because we assumed that the
patient organization’s Instagram page was being followed by
an already-interested audience. For example, studies found that
patients who are members of a patient organizations yield higher
knowledge scores than patients who are not [50]. Therefore, the
knowledge levels of this respective sample might already be
above average. On the other hand, however, one could argue
that the sample of patients could be more highly motivated and
have a higher willingness to learn due to their higher level of
interest, which counteracts this effect. Additionally, the study
setting may have led to another selection bias because young
and computer-literate people, in particular, are Instagram users,
which limits generalizability. Another limitation might arise
from dropouts. As 34 participants were lost to follow-up, our
overall findings might be biased if the dropout probability was
associated with the knowledge score, specifically with learning.
Due to the unexpectedly high dropout rate, the sample size of
our study was relatively small. Inclusion of larger study
populations might be beneficial in gaining a better understanding
of our findings.
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Additionally, participants in this study were almost exclusively
female. As the proportion of women among all patients with
IBD is much lower [2], the generalizability of this study to the
whole IBD population may be limited. However, the high
proportion of women in our study is due to the demographic
composition of Instagram followers of the patient organization
with which we collaborated for recruitment.

To assert the sustainability of the effect of education via
Instagram, further studies with a longer follow-up period are
needed. However, the real-life setting of the proposed
educational mode has a continuous character. This means that
patients have continuous access to the educational material
instead, for example, of a one-time visit at a seminar, which
rather reduces the need for follow-up studies. Furthermore,
previous studies found that the knowledge increase gained by
patients with IBD stays relatively constant over time [37,38].

Additionally, we only considered German patients, which might
reduce the generalizability of our results. Studies show that
knowledge levels differ between countries [65]. Future studies
should, therefore, focus on multicenter study designs or evaluate
results across countries.

The interest in the educational material in our study might be
higher than in a real-life setting because of a trial effect. Patients
might be interested more or might learn more because they
know they are part of a study [66] and not blinded. Therefore,
the effect might be overestimated. To validate the effectiveness
of patient education via Instagram or other social media
channels, further research (eg, observational studies) is needed.

Future Research
This study recommends different questions for future research.
First, patient education via Instagram or other social media
should be directly compared with other means of patient
education, in order to compare effectiveness in a head-to-head
comparison. Second, the effectiveness of Instagram patient
education should be tested in other chronic conditions as well.
Third, the economic effects of patient education via
Instagram—or social media in general—should be explored.
Integration into patients’ daily routines might reduce costs for
transportation to a training facility or physician. Additionally,
patient education via social media, such as Instagram, is easy
to scale and increases accessibility, which leads to lower costs
at training facilities or for physicians. Fourth, before rolling out
Instagram patient education in regular settings, quality
requirements should be defined to enable systematic
dissemination and prevent communication of misleading or
false information to patients.

Conclusions
To test the effectiveness of patient training via Instagram, we
conducted an RCT with 49 patients with IBD. The intervention
group received access to an Instagram account, which posted
educational material over 5 weeks. The outcome—patients’
knowledge about IBD—was measured at the pre- and
postintervention stages using a questionnaire whose response
scores ranged from 0 to 24 points. The intervention group
yielded 3.59 more points than the control group, on average,
after the intervention (P<.001), with no significant differences
before the intervention. Therefore, we conclude that Instagram
is an effective tool for educating patients and demonstrates large
potential for future support of chronic conditions.
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Abstract

Background: Online support communities have become an accessible way of gaining social, emotional, and informational
support from peers and may be particularly useful for individuals with chronic conditions. To date, there have been few studies
exploring the online support available for tic disorders, such as Tourette syndrome. An exploratory study looking at users’
experiences with using online support communities for tic disorders suggested that members used such communities to share
experiences, information, and strategies for tic management.

Objective: To build on these preliminary findings, this study examined the provision of social support in an online community
for Tourette syndrome.

Methods: Data were collected from one publicly available online support community for Tourette syndrome and tics, from its
inception to December 2019, by randomly selecting 10% of posts and their corresponding comments from each year for analysis.
This resulted in 510 unique posts and 3802 comments posted from 1270 unique usernames. The data were analyzed using inductive
thematic analysis.

Results: The findings of this study suggest that users utilized the online community as a multifaceted virtual place where they
could share and ask for information about tics, unload and share their feelings arising from living with Tourette syndrome, find
people facing similar situations and experiences, and freely share the realities of living with Tourette syndrome.

Conclusions: The results complement the findings from a preliminary study and suggest that online support communities have
a potentially valuable role as a mechanism for sharing and gaining information on illness experiences from similar peers experiencing
tics and can promote self-management of tics. Limitations and recommendations for future research are discussed.

(J Med Internet Res 2022;24(10):e34403)   doi:10.2196/34403

KEYWORDS

Tourette syndrome; tic disorders; social support; online support communities; online health communities; thematic analysis;
online support; peer support; support group; Tourette; online health community

Introduction

Tic disorders—such as Tourette syndrome and persistent/chronic
tic disorder—are noncurable neurodevelopmental conditions
characterized by persistent, involuntary outbursts referred to as

tics [1]. Tic disorders usually have their onset in childhood: For
many, tics tend to decline or disappear in adulthood, while for
others, tics persist [2]. Tics are typically rapid and repetitive
and can be vocal (ie, sounds) or motor (ie, spasm-like
contractions of muscles). For an individual to meet a diagnosis
of persistent/chronic tic disorder, 1 or more vocal or motor tics
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must be present for more than 1 year since onset; for Tourette
syndrome, 2 or more motor tics and at least 1 vocal tic must be
present [2]. Tourette syndrome affects approximately 1% of the
population worldwide and is more common in men [2,3]. A
common public misunderstanding is that coprolalia (tics that
involve expressing obscene words) is a key characteristic of
Tourette syndrome; however, this affects less than 20% of
people with the condition during their lifetime [4] but is
independently associated with poorer quality of life, tic severity,
and a range of additional neuropsychiatric difficulties [5].

Tic disorders are impairing conditions that often negatively
impact an individual’s quality of life. Both children and adults
with tic disorders frequently report social difficulties, such as
being stigmatized or their condition affecting their relationship
with family and friends [6]. Negative impact on physical health
(eg, pain, injury), decreased self-esteem and mental well-being,
functional impairment (eg, delayed progress at school), and
decreased overall quality of life have been reported [6-8]. People
with tic disorders often experience adverse reactions from other
people due to their tics, which include receiving unwanted
attention, being excluded, or being bullied [9]. A recent
meta-synthesis of 10 studies found that young people often felt
ashamed and insecure about their tics, while some adolescents
reported defending their rights to be “visible” with Tourette
syndrome, and some parents tried to hide or justify their child's
tics to strangers, creating tension within the family [10]. In the
same review, adults living with Tourette syndrome reported
negative experiences across the lifespan, including at school
and in workplace environments, and negative experiences with
treatment, such as perceiving health professionals as lacking
sympathy and knowledge. Furthermore, adults with Tourette
syndrome have identified loneliness as a common experience,
with readily available support often lacking [11]. Parents of
children with Tourette syndrome also frequently report social
isolation [12] and have emphasized the significance of using
support groups as a “bridge to the outside world” [13].

Social support can be considered as “support accessible to an
individual through social ties to other individuals, groups and
the larger community” [14]. There are many different functions
to social support, including emotional support, informational
support, and moral support [15]. It can be a valuable resource
when coping with and adjusting to chronic conditions and can
promote physical functioning [16] and psychosocial well-being
[17,18]. Receiving social support from peers with Tourette
syndrome has been reported to help reduce isolation, create
feelings of acceptance, and help individuals cope with tics—and
can help families too [10-13,19]. Social support may also help
counteract the impact of tic disorders upon the psychosocial
well-being of individuals and their families [20]. Nevertheless,
in-person social support is often unavailable for people with tic
disorders due to its rarity [11].

Online support communities (OSCs)—also known by other
terms including online support groups, online health
communities, and online support forums [21]—have been
present for at least 40 years [22], with changes in internet access
and increased ownership in internet-enabled technologies over
time increasing access to such online spaces. Research into
online support groups for health issues emerged in the 1990s,

with several reviews published in the early 2000s looking at
their usage and effects upon health and social outcomes [23-25].
High-quality trials are lacking in this field; findings from a small
number of randomized controlled trials of OSCs have reported
mixed results on mental health outcomes [26,27]. However,
survey and interview-based research with users of OSCs for
many different chronic conditions and health issues (eg,
self-harm, insomnia, endometriosis, cancers, polycystic ovary
syndrome) have identified the ways in which these virtual
communities can be helpful (and unhelpful) to people
experiencing a chronic condition or health issue as well as their
caregivers [28-34]. Commonly reported benefits of OSCs
include having an online space to share and find emotional
support for psychological responses to health issues from people
who understand it through lived experiences; reducing isolation
in facing their health issue by connecting and receiving support
from nonjudgmental peers; acquiring new knowledge about
their health condition to empower and inform self-management,
coping strategies and treatment decisions, and how they interact
with health care professionals; and a space where they can create
their own narrative and story of their health experiences [28-34].
OSCs may be hosted by an organization (eg, on a health
charity’s website), on social networking platforms (eg,
Facebook, Reddit), or independently of these [22]. These virtual
communities can provide an accessible way of gaining social,
emotional, and informational support from peers experiencing
the same health issue while removing the geographical and
temporal barriers to involvement [29,35]. They may be
particularly useful for individuals with rare neurodevelopmental
conditions, since they provide opportunities to connect with a
larger network of peers than they could find locally. Studies
have reported that OSC participation has a positive influence
on social engagement in children and young people with
neurodevelopmental conditions and has potential to facilitate
social networking and support [36].

Several studies have examined the types of social support being
exchanged within such online communities serving a range of
health conditions [19,37-45]. For instance, Coulson and
colleagues [39] studied the provision of social support in
messages posted to a Huntington disease online community and
reported that group members frequently offered informational
(advice, referral, teaching, situation appraisal), emotional
(relationship, confidentiality, affection, sympathy,
validation/empathy, encouragement, prayer, relief of blame),
network (access, presence, companionship, express willingness),
and esteem (compliment, anchorage) support, while
comparatively few offered tangible assistance (perform direct
task, active participation). Attard and Coulson [38] looked at
the experiences of members of Parkinson disease OSCs and
found that participation allowed members to share experiences
and knowledge and to develop friendships, as well as helping
them cope with the challenges of living with the condition.

Nevertheless, participation in an OSC is not always a positive
experience. Compared with identifying the positives, findings
are less consistent for disadvantages of online support. Lack of
replies may lead members to feel rejected, members may be
rude or judgmental to others due to the greater anonymity,
misunderstandings are common due to the format of
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communication, and information overload may be experienced
[38,46]. Furthermore, there is a potential for inaccurate or
harmful information to be shared, members who share their
complications from treatment can cause others to feel anxious,
and success stories may inspire jealousy or hostile interactions
within the community [46].

To date, there has been little attention devoted to understanding
the role of OSCs for tic disorders. One recent exploratory online
survey suggested that online support could “bridge the gap” in
accessing support across the course of tics and was a platform
through which members could share experiences, information,
and strategies for tic management [47]. It can be difficult for
patients with tic disorders to access specialist tic services for
many environmental and systemic reasons, including issues
with health care funding, service delays, referral issues, and a
lack of trained specialists [48,49]. This means many people
with tics and their families are managing this chronic condition
independently—with online support groups helping to “fill this
gap” in accessing specialist help. Accessing support online from
similar peers may impact a person’s illness experience [38]; for
people with tic disorders and their families, members reported
that participation influenced their decisions about health care,
resulted in improvements in psychological well-being, increased
confidence, and resulted in greater acceptance of their tics. [47].
Exploring the types of social support provision and
communication online may help in understanding the social
support needs specific to people with tic disorders and their
families, but, as yet, there has been no attempt to understand
how social support is enacted within OSCs for tic disorders.

Several studies have taken deductive approaches to analyze and
classify posts in OSCs, for example by applying a social support
typology such as the Social Support Behavior Code by Cutrona
and Suhr [50]. Taking an inductive approach to analyzing data
from naturalistic online communication means researchers can
approach data without assumptions about what types of social
support they expect to be found, with findings being more
reflective of the data set [21]. Furthermore, it is uncertain
whether findings from inductive studies map to or are dissimilar
to findings from studies using deductive approaches. Therefore,
in order to address this, our study sought to inductively analyze
the content of messages posted in order to identify and describe
the provision of social support within an online community for
Tourette syndrome and tics.

Methods

Data Collection
Data were collected from one publicly available asynchronous
online community devoted to Tourette syndrome and tics.
Within this online community, “threads” are started by an
individual creating a “post.” Other users and the original poster
can reply to a post (“comments”), which in turn can be replied
to, giving each thread a complex structure. Posts can be
text-based or linked to websites and other media (eg, images,
videos). The online community has moderators tasked with
moderating the community by removing or locking posts or
comments if they break the community’s specified rules.

All messages posted since the community’s inception up to
December 31, 2019, were eligible to be included in the data set.
During this time, a total of 5382 threads were initiated within
the OSC. Each thread title was inspected, and spam messages
(eg, adverts) were removed, leaving a total of 5105 threads.
Each thread was assigned a number, and using a random number
generator [51], 10% of these threads from each year were
randomly sampled for analysis. This random sampling approach
was taken to ensure that threads were not subjectively chosen
by the authors and to reduce potential bias from sampling within
a specific timeframe [21,38]. From the 510 threads downloaded
for analysis, there was a total of 4312 individual messages (ie,
510 initial messages with 3802 replies) posted from 1270 unique
usernames. The content of the 510 threads was downloaded into
Microsoft Word.

Ethical Considerations
The study was granted ethics permission from the Division of
Rehabilitation Aging and Wellbeing ethics committee at the
University of Nottingham (MEDS4008-20-17). The ownership
and use of online community content for research purposes are
subject to much debate [21]; for this study, previous studies
utilizing similar methodologies were used to guide ethical
considerations [19,38,44]. The study adhered to ethical
guidelines for internet-mediated research developed by the
British Psychological Society [52], including anonymizing the
name of the online community. No consent was obtained from
users to analyze data, as data were taken from one publicly
available online community that did not require registration to
read or access posts [38]. Usernames were only used to identify
the number of unique users included in analyzed posts and were
not used in data analysis. Quotes used to illustrate findings were
paraphrased to prevent traceability in online searches [21]. Any
potentially identifiable information (eg, names of people, places,
health care services) was removed from the data.

Data Analysis
Due to the exploratory nature of the study and the lack of prior
research, the data were analyzed using data-driven (inductive)
thematic analysis [53]. The first step was getting acquainted
with the data: The lead author (MJS) read through the whole
data set multiple times. Second, initial short codes reflecting
the data were created across the data set using the computer
software ATLAS.ti. The third step was generating potential
themes by making a list of the initial codes and moving the
items around in the list until there were clusters of similar codes.
This step was completed combining ATLAS.ti and Post-it notes
arranged into sorting piles. These initial themes and subthemes
were put in a thematic map and reviewed and refined multiple
times. The third author (EBD) reviewed coded data and
supported the creation of themes and subthemes. The fourth
step was reviewing the themes and ensuring that the themes
captured the researcher’s impression of the data and were
independent from one another. The fifth step was defining and
naming the themes and subthemes after systematically reviewing
them. As in the study by Meade et al [42], the thematic map
was discussed and refined with the third author before a final
version was agreed upon.
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Results

Our thematic analysis generated 4 main themes: (1) “A place
to share and ask for information about tics”; (2) “A place to
unload my feelings”; (3) “A place where I can find people like
me”; and (4) “A place where I can freely share the realities of
living with Tourette's.”

A Place to Share and Ask for Information About Tics
Posts to the online community often consisted of members
requesting information and advice. The most common request
concerned tic management and triggers of tics. Members
frequently asked questions regarding ways to reduce, suppress,
or redirect tics (“Does anyone know how to relax facial tics?”);
treatment options and their effectiveness and side effects (“I
thought about trying to suppress my tics by medication. What
are the possibilities? Are there any negative long term affects?”);
tic severity and frequency (“Is there any research or information
of Tourette’s worsening in adulthood?”); tic triggers (“Can it
be that alcohol triggers my tics?”); and suggestibility (“Does
reading about other people's tics make yours worse?”). Another
common request was for advice regarding the diagnosis of
Tourette syndrome. Members often described their symptoms
and asked the community whether this was Tourette syndrome
or if what they described were actually tics. Community
members also asked questions around the benefits or
disadvantages of having a Tourette syndrome diagnosis.
Information and advice regarding the management of comorbid
conditions (most often attention-deficit hyperactivity disorder,
obsessive compulsive disorder, depression, and anxiety) were
also evident. Some posts came from members who used the
community to seek information or advice on ways to support
their loved one with the syndrome (“What is the best thing to
do for someone who is having an attack?”). Members also
requested information and advice regarding a range of Tourette
syndrome–related everyday issues, for example, how to talk to
loved ones about the condition, employment, discrimination,
preventing damage to health from tics, and relationship advice.

In response to requests for information and advice, members
often replied with comments giving advice and suggestions.
Some community members posted advice or suggestions around
what worked for them. Members most frequently shared advice
for and experiences with managing tics. Prescription medication
(frequently mentioned were muscle relaxants, alpha-agonist
hypotensive medications, antipsychotics, and carbonic anhydrase
inhibitors) and their benefits and risks were discussed. They
also discussed and recommended other treatment options (eg,
cannabis, herbal remedies, dietary changes and supplements,
stress reduction, massage, music, behavioral therapies for tics)
and often would share their methods to replace or suppress tics.
Some stated that their tics lessen or completely stop when they
do something that they enjoy or something that requires intense
concentration (eg, playing a musical instrument). Discussions
took place around diagnosis: Members shared their anecdotal
experience of getting diagnosed with Tourette syndrome or a
tic disorder, advice regarding health care professionals, benefits
of a diagnosis (“a diagnosis gives you validation, I didn’t realise
how much of a difference it makes!”; “getting diagnosed could

save you from a law suit or getting fired”), and reasons for not
pursuing a diagnosis (“I feel that my tics aren't a big issue, and
I don't want to waste the doctor’s time”). In response to posts
in which the member posting requested advice regarding
diagnosis or shared unusual symptoms, other members often
encouraged the advice seeker to see a health care professional
and suggested caution (“We are not neurologists”) when giving
advice or information. Community members also shared factual
information about Tourette syndrome, tics, and comorbid
conditions (eg, diagnostic criteria). They gave advice to loved
ones of people with the condition on how to best support them,
for example, communicate openly, not reacting to tics,
understand and learn more about it, listen, reassure them, and
connect them to the Tourette syndrome community. Members
also offered advice regarding legal protection of Tourette
syndrome as a disability and suggestions on dealing with
discrimination (“they have to reasonably accommodate it and
can't fire you for it, under the disability law”). They also
signposted members to other sources of help or information
related to the condition (eg, charities, research articles, health
care professionals, other OSCs, TV shows, and films).

A Place to Unload My Feelings
The online community was frequently used to vent emotions,
such as expressing emotional pain and frustration resulting from
living with Tourette syndrome, often in long posts or comments,
and sometimes indicating that the community member needed
to “vent/get it off their chest” (“The struggle is real ... ... It’s a
nightmare and I needed to vent”). Community members often
expressed empathy and understanding when replying to posts
in which others had shared a tic or experience (ie, verbal
description or picture/meme), stating that they had similar tics
or experiences and can relate and understand their pain (“I feel
your pain!”; “I definitely understand that feeling”). Members
also offered reassurance (“That's all perfectly normal”; “You
will be ok”) and validated other members’ emotions and
experiences (“That must be hard to deal with”; “You should be
mad. This is not ok.”). Kind wishes (“Good luck!”) were
numerous, and members also expressed their sympathies in
response to posts or comments disclosing negative experiences
(“I’m so sorry! That really sucks!”).

Members encouraged each other to accept their tics (“You also
don’t have to hide your tics! ...You’re unique in your own way
and you shouldn’t have to hide yourself!”; “Stay twitchy my
friend”) as well as general support (“I know you can do it”;
“Hang in there”). Members also praised each other for
achievements and sharing created artworks (“I am so incredibly
proud of you!”). Humor appeared to be one way to cope with
Tourette syndrome, as some members reported that they joke
with people “in the real world” about it (“I try to make fun of
it to see the social anxiety about it and usually it gets a few
laughs… dark humour to some but I would rather people laugh
at the jokes about my Tourette’s”) and recommended this coping
strategy to others. Members also requested and shared uplifting
or encouraging “success” stories and expressed delight in the
success of others.
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A Place Where I Can Find People Like Me
Community members expressed gratitude to others for the
advice and support offered from other users, who understood
the kinds of adversity they faced due to having Tourette
syndrome (“I just wanted to say I really REALLY enjoy this
place. Seeing other people having to grow up and deal with the
same I went through is amazing. I knew no one else, so I could
never talk about the issues I was dealing with at school etc.”).
In these posts and comments, members reached out to members
in a variety of ways including offering to connect through
private message, sharing personal information, and providing
updates to previous posts.

Some negative aspects were also identified. Some members
were hostile towards others when they disagreed with posts or
comments. Some “gatekeeping” issues were also observed as
some members complained about the quantity of posts
requesting advice regarding diagnosis (“This community has
just become a place to ask if you have Tourette’s rather than
discussing tics and how to deal with them”). This possibly led
one individual to wonder if they were “allowed” in the OSC,
as their Tourette syndrome was undiagnosed. Other users argued
that even though the frequent diagnosis-related posts were
irritating for some users, “the pros of this remaining a safe place
for (mostly) young people to come and ask about TS as it
possibly relates to them far outweigh the negatives.”

A Place Where I Can Freely Share the Realities of
Living With Tourette's
Members described or showed their tics or suspected tics. The
tics shared included vocal and motor tics, and some members
shared what their first tics were and some unusual tics and tic
presentations (tics in sleep, paralysis tics, and tic attacks). Some
members also shared personal videos of their tics. Members
often responded with sharing their own tics, and many
commented that seeing or hearing about other members’ tics
was comforting and made them “feel better.” Members sought
and offered solidarity (“Please let me know I'm not the only
weird one in having this tic?”; “we all do our best to help each
other out here and no matter what we’re always here if you
needs support!”). Premonitory urges and physical issues caused
by tics (eg, headache, pain, dental issues, injury) were also
discussed.

Members shared their unique realities of living with Tourette
syndrome, such as what triggers their tics, how their tics wax
and wane, and comorbid conditions with which they live. In
some posts, members described how their tics felt like to them,
while users expressed their Tourette syndrome experience
through art. Members shared their anecdotal experiences of
dealing with others' misunderstandings, such as rude remarks,
staring, bullying, abuse, accusations of “faking” tics, inadequate
Tourette syndrome–related health care, and misrepresentation
in the media. The impact of Tourette syndrome on their everyday
life was also discussed, for instance, tics limiting people by
interfering with schoolwork, everyday activities, social life, or
relationships. Members emphasized the importance of in-person
social support (“having friends and a partner who doesn't
respond negatively to my tics has been very helpful”) and shared
some positive support experiences (“at uni I was accepted and

understood, accommodated for and never talked down to, or
ridiculed”). Members shared their concerns about “passing on”
Tourette syndrome and the complexities of family planning
(“Me and my wife are trying to have kids ...I don't want my kid
to have to deal with tics and all of this... It's a constant moral
dilemma”).

Members discussed whether they disclose their tics to other
people (“I always just let my co-workers know so that they don't
think I'm on drugs or something”; “don't fancy getting them
involved so they don't worry. Or maybe …they'd think less of
me.”). Members also discussed whether they should embrace
or deny their tics (“tics are part of who I am”; “no matter how
much I try to accept it, I am unable to”), and some discussed
that they are sometimes unsure if they are “faking” having tics
or Tourette syndrome (“I’m worried that the doctor will not
believe me because even i don't believe myself when i speak
about the tics”).

Discussion

Principal Findings
To date, few studies have looked at social support within OSCs
for individuals living with Tourette syndrome or tic disorders.
This study aimed to examine the provision of social support in
1 online Tourette syndrome community through an inductive
thematic analysis of postings. The findings of this study suggest
that users utilized the online community as a multifaceted virtual
place where they could share and ask for information about tics,
unload their feelings, find people facing similar situations and
experiences, and freely share the realities of living with Tourette
syndrome. Compared with studies taking similar inductive
approaches to analyzing messages in online support groups
[19,38,40,41], this study had a large data set reflecting 10% of
all threads made in the community since its inception.

The findings in this analysis appear to align with those of
previous studies using similar methodologies and finding that
OSCs for several chronic conditions tend to report similar
functions of social support, including OSCs as a valued virtual
place for informational and emotional support from peers
experiencing the same health issue, sharing personal experiences
with others with empirical lived understanding, and sharing and
“venting” emotional reactions typically common with
experiencing a chronic condition [19,38,45]. The results from
this study complement the findings from a previous online
survey exploring users’ experiences with participating in
Tourette syndrome/tic disorder OSCs [47]. What this study adds
is that, by analyzing posts created naturalistically over time in
1 group, it has identified additional social support needs unique
to tic disorders. For example, the “A place to unload my
feelings” theme identified an emotional support need relating
to users’ discussions that they may be “faking” their tics or
symptoms and dealing with victimization from other people.
This may be unique to people with tics, given the nature of tics
and the socially stigmatizing nature of tic disorders. These
findings may also be of value to health care professionals in
further understanding the emotional needs of patients with tic
disorders and how they can be supported.
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In line with the findings by Meade et al [42], the results of this
study suggest that OSCs have a potentially valuable role as a
mechanism for sharing and gaining information on illness
experiences and empowering individuals and supportive others
in relation to self-management of neurodevelopmental
conditions such as Tourette syndrome. The online nature of the
support community may also aid social support by providing
an anonymous environment through which users can disclose
information that they would find difficult to express in person
[39] or discuss sensitive topics [28]. For people with Tourette
syndrome, online communities may provide an accessible and
inclusive space, where they can gain social support not easily
available in their offline worlds—and from peers who
understand what it is like to be socially excluded and “different”
due to their tics [47]. Regular online community users may also
gain additional benefits as a consequence of providing support
to other users, in accordance with the helper-therapy principle
[54], which suggests that people also help themselves when
helping others, by taking on important social roles, developing
their coping skills, and directing their focus away from their
own problems.

Limitations and Future Directions
Despite the insights generated through this study, there are
limitations that should be considered. First, our analysis focused
on textual data; therefore, conversations between community
members did not have any associated nonverbal conversational
cues. This arguably makes our task more difficult and creates
risks around misinterpretation of the data. These risks are
exacerbated by the fact we did not engage community members
in the analytical process. However, to mitigate against this risk,
each post analyzed was done so in the context of the full
conversation thread. Second, this study looked at only 1 Tourette
syndrome OSC; therefore, the extent to which the results can
be generalized may be limited, as other communities may differ
in their structure, membership, community dynamics, and types
of social support requested or offered. Third, little is known
about the demographic characteristics of the community
members included in this study; therefore, it is difficult to assess
how representative they are of the wider population of
individuals with Tourette syndrome or tic disorders.
Additionally, users of the online community were a mix of
people with a tic disorder themselves and supportive others (eg,
parents, caregivers, partners). It was not always obvious from
the posts and threads whether the user was a person with tic
disorder themselves or a caregiver or supportive other of
someone with tics; therefore, it was not possible to do a

subanalysis by type of user. Although not a limitation in itself,
there may be some similarities and differences in the benefits
and kinds of social support these 2 groups seek online, given
their different roles in the illness experience.

Finally, this analysis was conducted on data collected prior to
the COVID-19 pandemic. During the pandemic, there have been
reports from clinicians regarding increased numbers of referrals
to specialist tic clinics or services—particularly from adolescent
girls—with some clinicians suggesting this new influx of
patients is linked to online video-based media from Tourette
syndrome content creators (eg, TikTok, YouTube) [55,56].
Understandably, given this and societal changes during the
pandemic (eg, potentially not being able to access usual health
care systems or peer support), usage of online communities for
Tourette syndrome and tic disorders may have changed or
membership increased substantially during this time—and this
was not captured in our analysis. Looking at publicly available
statistics for the 1 OSC used in this study, as of January 1, 2022,
there was a 235% increase in registered users over 2 years.
Between its inception and December 31, 2019, there were 5382
threads posted to the OSC; between January 1, 2020, and
January 1, 2022, there was a 125% increase in threads posted
over 2 years. These data suggest increased membership and
usage over the past 2 years, which overlaps with the COVID-19
pandemic.

Given the present study only looked at 1 online support group,
future research may wish to explore the social support provided
across multiple OSCs for Tourette syndrome and tic disorders.
Studies could also explore the online experiences of individuals
with Tourette syndrome or tic disorders and caregivers
separately, as previous research suggests potential mismatch
between these 2 groups of users [47]. Furthermore, this study
analyzed the content of online communication, which is arguably
in the public domain. It is unknown whether discourse varies
in private OSCs, as well as communities developed using a
range of different platforms and modalities of communication
(eg, Facebook, Discord), and this could potentially be explored
in further research.

Conclusion
Online support may be a useful, easily accessible addition to
traditional forms of support for people with Tourette syndrome
or tic disorders and their supportive others, where they can share
and request information about tics, unload their feelings, find
people with similar experiences, and share the realities of living
with the condition.
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Abstract

Background: Social networking sites (SNSs) have gained popularity in recent years for help seeking and self-distress expression
among adolescents. Although online suicidal expression is believed to have major benefits, various concerns have also been
raised, particularly around privacy issues. Understanding youths’ help-seeking behavior on SNSs is critical for effective suicide
prevention; however, most research neglects the impacts of the private SNS context.

Objective: This study aims to examine youths’ private SNS use via the new Instagram feature, Close Friends, and its association
with both online and offline help-seeking willingness as well as youths’ suicidality.

Methods: This study employed an exploratory sequential mixed methods approach with a combination of explorative qualitative
interviews and a systematic quantitative survey, targeting youth aged 15-19 years in Hong Kong. The motivations for utilizing
Close Friends and concerns regarding online expression were addressed in the focus group and individual interviews (n=40). A
cross-sectional survey (n=1676) was conducted subsequently with eligible secondary school students to examine the prevalence
of Close Friends usage, their online and offline help-seeking willingness, and suicide-related experiences.

Results: A total of 3 primary motives for using Close Friends were identified during interviews, including (1) interaction and
help seeking, (2) release of negative emotions, and (3) ventilation and self-expression. Most participants also highlighted the
privacy concerns associated with public online communication and the importance of contacting close friends for emotional
support. Survey results showed that use of Close Friends was quite prevalent among adolescents (1163/1646, 70.66%), with
around 46% (754/1646, 45.81%) of respondents being frequent users. Differences by gender and school academic banding were
also revealed. Regarding help-seeking intentions, youths were generally positive about seeking help from peers and friends offline
(1010/1266, 79.78%) yet negative about seeking assistance from online friends or professionals with whom they had not yet
developed a real-world connection (173/1266, 13.67%). Most notably, frequencies of Close Friends usage were differentially
associated with online and offline help-seeking willingness and youths’ suicidality. Compared with nonusers, those who had ever
used the feature were more likely to seek offline support (adjusted odds ratios [AORs] 1.82-2.36), whereas heavy use of Close
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Friends was associated with increased odds of online help-seeking willingness (AOR 1.76, 95% CI 1.06-2.93) and a higher risk
of suicidality (AOR 1.53, 95% CI 1.01-2.31).

Conclusions: The popularity of Close Friends reflects the increasing need for private online expression among youth. This
study demonstrates the importance of Close Friends for self-expression and private conversation and inadequacy of peer support
for suicidal adolescents. Further research is needed to identify the causal relationship between Close Friends usage and help-seeking
willingness to guide the advancement of suicide prevention strategies. Researchers and social media platforms may cooperate to
co-design a risk monitoring system tailored to the private SNS context, assisting professionals in identifying youth at risk of
suicide.

(J Med Internet Res 2022;24(10):e37695)   doi:10.2196/37695

KEYWORDS

Close Friends; private online expression; help-seeking willingness; suicide; youth

Introduction

Youths’ Online Expression
Online social networking sites (SNSs) are gaining increasing
popularity among adolescents in recent years, changing the
nature of communication. Instagram is one of the most popular
SNSs worldwide [1] and the third most popular SNS in Hong
Kong among people aged 16-64 years [2]. It has roughly 1
billion monthly active users [1], with around 40% of them aged
13-24 [3]. Prior studies have shown that SNSs, especially
Instagram, have become a favored alternative for at-risk youth
to seek help and express their distress [4,5]. Indeed, online
expression pertinent to suicidality is thought to have several
major benefits, including mitigated social isolation,
recovery-oriented encouragement, and alleviation of acute
self-harm urges [6,7]. However, in light of concerns around
privacy issues, unsympathetic responses from anonymous
viewers [8], and the “positivity bias,” negative disclosure on
SNS is often deemed risky and thus less commonly shared
publicly [9]. For example, previous research on Facebook
demonstrated that most negative expressions were published
exclusively on private pages as opposed to publicly [10].

To date, there has been only minimal discussion about private
SNS usage among users with varying levels of mental health
issues. It, therefore, remains uncertain as to how private and
public online expressions differ in terms of social support
seeking. This is the first study to adopt an exploratory sequential
mixed methods approach to assess how private online expression
is correlated with help-seeking willingness and suicidality
among adolescents via Close Friends posts on Instagram. It was
anticipated that our findings would inform the development of
more effective and pragmatic suicide prevention and intervention
programs delivered via SNS.

Close Friends: A New Feature for Private Online
Expression
Private online interaction has gradually developed with the
advancement of technology and now varies in terms of intimacy
and extent of self-disclosure [11]. Private expression on SNSs,
also known as active private SNS use, is characterized by direct
users’ interactions in a private setting, generally via instant
messaging and personal chatting [12]. To compare the 2 modes
of SNS use, public online communication allows large-scale
interactions between individuals who have never met in person,

whereas private online communication usually occurs in a
smaller group and involves friends who have established trust
and fundamental mutual understanding offline [13,14].

Aversion to publishing unpleasant content, especially mental
health–related disclosures, has been observed on Instagram. On
account of context collapse, the most sensitive (such as families
and romantic partners) and unintended audiences can browse
youths’ SNS profiles and navigate their posts [15,16].
Adolescents have shown concerns that posting depressive
messages in the public space will be criticized as being offensive
by the broad, diverse, or unknown audience [17]. Therefore,
some create a fake Instagram account (dubbed Finsta)
specifically for negative online expression [18]. On Finsta, users
only follow their intimate friends so they are less worried about
revealing negativity and vulnerability, and are instead prompted
to present authentic and unfiltered self-expression [19]. The
emerging demand for private online expression to discuss
sensitive issues is reflected in the trend of multiple accounts.
The traditional features of SNSs, by contrast, are deficient in
terms of private expression, mostly through dyadic messages
[20], making it difficult for adolescents to engage with multiple
users simultaneously. The format of text-based communication
is also restricted in conveying emotions precisely.

Hence, Instagram launched a new feature named Close Friends
in late 2018 [21]. Only those added to the list are permitted to
view private Stories posted in Close Friends. Followers will
also be notified that they have been included in one’s Close
Friends list on Instagram when they see their posts with the
special icon. Compared with traditional private communication,
Close Friends provides more opportunities for online expression
by virtue of its unique features [22], which include the
following:

• Close Friends enables parallel multiple interactions in a
private context.

• Users have their own absolute control over the members’
list, which means they are able to block or remove anyone
on the list at any time without notifying them.

• Posts in Close Friends do not predetermine any specific
audience.

• Users are able to seek attention via posts with sensitive
information, thus help seeking requires less proactivity.
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• Users’ posts in Close Friends are actively selected and
“pressed” to view by the audience who care about their
lives.

The aforementioned properties of Close Friends distinguish its
content display from those of the conventional tools for private
online communication. Indeed, Close Friends is a more visually,
graphically, and multimedia-oriented feature compared with
instant messaging, which largely relies on text- or voice-based
communications. Users of Close Friends are also able to publish
posts in vivid formats, such as photos and videos, to capture,
share, and showcase personal life moments [23]. Furthermore,
the text-based postings in Close Friends are more aesthetically
appealing than those in messages or feeds due to the availability
of various fonts, animated graphics interchange format, stickers,
and predesigned layouts.

Private Online Expression, Help-Seeking Willingness,
and Suicidality
Suicide is a major public health concern worldwide, particularly
among youth. According to the World Health Organization,
suicide is the fourth leading cause of death among those aged
15-19 [24,25]. In Hong Kong, youth aged between 15 and 24
had a suicidal rate below 10 per 100,000 [26-28], which is lower
than that of their counterparts, including in European countries
and most East Asian neighbors [29]. However, a rising trend in
the overall suicide rate among Hong Kong adolescents has been
noted throughout the last 2 decades, with rates increasing from
7.7 per 100,000 in 2000 to 9.5 per 100,000 in 2018 [30].

According to the Uses and Gratifications Theory, adolescents
are proactive and goal-oriented SNS users who consider their
interests and expectations while choosing and using platforms
[31]. The need for satisfying diverse motives would result in
different online behaviors. Hence, it is essential to acquire a
comprehensive understanding of youths’ purposes of using the
internet. Previous research has investigated the motivations for
adolescents’ use of Instagram. One such study identified 5
motives, including social engagement, archiving,
self-expression, escapism, and peeking [32], while another study
recognized 4 major purposes, comprising surveillance,
documentation, coolness, and creativity [33]. In addition, our
earlier study examined the principal motivations of online
expression among Hong Kong youth, including self-expression,
emotional ventilation, life sharing and documentation, social
interaction, attention seeking, and help seeking [34]. We also
identified a positive association between willingness of online
help seeking and the motivations of expressing emotions and
opinions.

The significance of professional and nonprofessional support
has been validated across different populations [35,36], and
therefore, most suicide interventions encourage people to seek
help. Nevertheless, evidence from previous research suggested
mixed findings when it came to the relationship between
suicidality and online help seeking among adolescents [37]. For
example, several studies found that youth who sought help
online were more likely to use the internet for suicide-related
purposes [38] and experience social anxiety, psychological
distress, self-harm behaviors, and suicide [39,40], while other
studies reported that online communication might provide social

and emotional support, which could facilitate ones’coping with
depression and stress [41-43]. In general, as a large number of
studies have indicated, seeking help from peers and friends in
real life is preferred by the young population, compared with
formal help sources (ie, professionals) and unfamiliar people
online [5,44-46]. Adolescents at lower risk of suicide and mental
health problems are more likely to engage in offline help seeking
from peers and friends [43,47]. Among those who prefer seeking
help online, one of the main motivations is to compensate for
any deficits in offline support [48,49].

To date, little attention has been paid to private SNS disclosure,
particularly among adolescents. Indeed, much uncertainty still
exists regarding the relationship between private online
expression and suicidality. Only one very recent study of
university students found that active private SNS usage was
associated with a lower level of suicidality [50], whereas the
frequency for each type of SNS usage was not explored. Results
of a longitudinal study revealed that both heavy and
suicide-related internet use were strongly associated with
suicidal ideation (SI) and behaviors [51]. The subgroup with
high SNS usage reported more psychiatric problems and social
dysfunction as well as limited family or friend support. In terms
of private SNS usage and help-seeking intentions, despite a
positive association between active private Facebook usage and
perceived online social support demonstrated in a youth sample
[12], to our knowledge, no study has directly assessed the effect
of private online expression on willingness of help seeking,
either online or offline.

Rationale for This Study
At present, very little is known about the role Close Friends
plays in both online expression and help seeking for suicidality.
This study is part of a larger project examining youth suicide
in Hong Kong with the specific aim of exploring the use of
Close Friends among adolescents. An exploratory sequential
mixed methods design was adopted. Qualitative data were first
collected through interviews, and major themes were generated
and used to facilitate the development of the quantitative
instrument. The study objectives are as follows: (1) to determine
the prevalence of Close Friends among youth; (2) to ascertain
the frequency, purposes, and reasons for using Close Friends;
and (3) to investigate its relationship with willingness to seek
help both online (from friends and professionals) and offline
(from peers and friends); and (4) to examine the association
between the use of Close Friends and suicidality.

Methods

Qualitative Approach

Overview
Because of the lack of prior research on Close Friends,
qualitative interviews enabled us to obtain a better grasp of how
it was used and viewed by youth. Considering the sensitivity
of suicide-related topics, most participants first engaged in 1 of
the 6 focus group discussions (3-7 persons per session), with
those in each group being acquainted with each other. We then
conducted 12 in-depth semistructured individual interviews for
those who were unable to join focus groups or who had
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difficulties elaborating their stories in group interviews on
account of the setting or time constraints.

Participant Recruitment
In total, 40 participants aged 15-18 (mean 16.3, SD 1.1) years
were recruited, including 31 focus group participants (12 males
and 19 females) and 12 individual interview participants (4
males and 8 females); 3 female participants took part in both
an individual interview and a focus group discussion. Of the 40
participants, 35 had lived experience of suicide (ie, incidence
of SI, self-harm, suicide attempts [SAs], or having helped
someone in crisis). The target group for interviews was Hong
Kong youth aged 15-19 years with emotional distress or suicidal
concern; additionally, those with comparatively fewer problems,
but who showed willingness to discuss the topic of suicide, were
invited. Purposive sampling was adopted to maximize variation
and assure diversity of participants’ sociodemographic
characteristics (eg, social backgrounds: secondary school
students, university freshmen, and school dropouts), clinical
and mental health status, and suicide-related experiences.
Adolescents who satisfied the recruitment criteria were asked
if they were willing to attend the interviews. A major barrier to
recruitment was building a rapport with youth with suicidality
and earning their trust, as most tended to conceal their past out
of fear of the stigma associated with suicide. To facilitate the
recruitment process, we solicited recommendations from people

who served, or who were closely bonded with this specific group
of adolescents, including teachers, medical practitioners, and
school social workers, to recommend suitable participants. The
circumstances of vulnerable individuals with SA experiences,
or prior diagnosis of mental illnesses, were evaluated by 2
mental health professionals to affirm their eligibility for the
interviews. Invitation letters and consent forms were sent to
eligible participants or, if they were under the age of 18 years,
to their parents and guardians.

Procedure and Analysis
Considering the sensitive nature of the suicide topic, interviews
were conducted in a face-to-face manner and in a natural,
private, and secure environment. Open-ended questions
regarding the experiences and motivations of using Close
Friends, concerns about online expression, and willingness of
help seeking were addressed in the interviews. All the interviews
were conducted between September 2018 and November 2019.
Each focus group lasted for 1-1.5 hours, and each individual
interview lasted around 1 hour. Two experienced facilitators
led the interviews in Cantonese (the local dialect) and took
charge of data analysis to ensure data trustworthiness.

Reflexive thematic analysis was performed using an inductive
approach [52,53]. We focused on both semantic and latent
meanings, and adhered to the 6-step framework (Textbox 1
[54]) outlined by Braun and Clarke [54].

Textbox 1. The 6-step framework outlined by Braun and Clarke.

1. Familiarization

• All interviews were audio recorded and transcribed verbatim. Two coders (SSC and HYC) listened to the recordings carefully, read the transcripts
iteratively, shared first impressions, and took brief notes.

2. Generating codes

• The cleaned transcripts were entered into the NVivo database (version 12; QSR International Pty Ltd). Initially, both coders independently coded
the data. Relevant, informative, and potentially interesting items were encoded with concise and clear codes. SSC and HYC then contrasted the
2 sets of codes and examined how different codes could work together across the data set.

3. Generating initial themes

• Upon coding completion, clustering or splitting of the valid codes was determined based on their patterns, and overarching themes were generated.

4. Developing and revising themes

• All the initial themes were further developed. Through team discussion with 2 senior qualitative researchers (TPL and WST), SSC and HYC
revised the overlaps and divergences identified in the initial themes. SSC assessed the coherence of codes within each candidate theme and reread
the transcripts to evaluate the congruence between themes and the overall data set.

5. Refining, defining, and naming final themes

• Feedback from the team discussion guided theme refinement. Some candidate themes were combined, split, or discarded before SSC decided
and named the final themes. Related quotes under each final theme were collated.

6. Reporting

• The qualitative findings were reported by the research team and critically reviewed by all authors. Principal themes and subthemes were converted
into the questionnaire items of the quantitative survey.
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Quantitative Approach

Design
A cross-sectional design was adopted in the quantitative phase
by the implementation of a self-administered questionnaire
survey among secondary students in Hong Kong (aged 15-19
years).

Sample
The target population consisted of students in grades 10-12 who
were aged 15-19 years. Invitation letters were sent via postal
mail to all the secondary schools in Hong Kong, with 9 schools
agreeing to participate. According to the official data released
by the Education Bureau of the government in 2019, 150,720
grade 10-12 students were enrolled in 504 local and international
secondary schools [55]. According to epidemiological statistics,
the prevalence of SI among Hong Kong youth was no more
than 25% [56]. On this premise, the required sample size was
calculated. Responses from 1801 respondents were expected to
have a maximum estimation error (absolute precision) of d=0.02
from the true prevalence rate with a 95% CI.

Data Collection and Questionnaire
Quantitative data were collected between September and
October 2019. The questionnaire was anonymous and coded
with a reference number (eg, A001) to indicate the schools for
data analyses. As required by the ethics committee, we
developed a risk management protocol with careful
consideration of both the preservation of confidentiality and the
facilitation of risk control in schools. Teachers or coordinators
at participating schools would be informed of the distribution
of suicidal risks among their students. An alert would also be
sent out to the school if a certain portion of high-risk cases (ie,
≥25%; referring to youth suicidality rate in Hong Kong) were
identified [56].

Questionnaire items were stemmed from qualitative findings,
a review of the literature, and feedback from the research team.
The final survey consisted of 51 items and took around 15-20
minutes to complete. As part of the larger project, this study
contained several sections of the questionnaire, including the
frequency (measured on a 4-point Likert scale: 1, never; 2,
seldom; 3, sometimes; and 4, often; response options are
comparable with those adopted in a previous study [50]) of
using Close Friends, willingness of online help seeking,
willingness of seeking help from peers and friends, SI and SA
experiences in the past 12 months, and sociodemographic
information.

To measure respondents’ help-seeking willingness, we posed
the following question: “When confronted with distressing
issues or life difficulties, did you seek help from any of the
following in the last 12 months?” The response options were
dichotomous (coded as Yes=1 or No=0) and included both online
(online friends and online professionals) and offline (peers,
friends, and classmates) resources of help. Respondents’ suicide
risk was examined by questions on prior suicidal behaviors
scored as Yes=1 or No=0. We asked respondents “Have you
considered killing yourself in the past 12 months” and “Have
you attempted to kill yourself during the past 12 months?”

Nonaffirmative responses to both questions were categorized
as “no/low risk” of suicide, affirmative responses to the first
question only as “medium risk,” and affirmative responses to
both questions as “high risk.” Investigation on recent SI and
behaviors was conducted to compare the relative levels of
suicidality in the population. Most items were either binary or
categorical. The questionnaire was pilot-tested for its reliability
and validity. After minor modifications were made, the
questionnaires were then distributed to all the eligible students
in the participating schools.

Statistical Analysis
The quantitative data were analyzed using SPSS (version 27.0;
IBM Corp). Data cleansing followed the recommendations on
treating univariate and multivariate outliers [57]. The results of
missing values analysis indicated satisfaction on criteria (Little

test) for missing completely at random (χ2
1=2.3; P=.13), and

missing values were replaced through the expectation
maximization method. To summarize the distribution of
responses on each item, descriptive statistics were presented by
frequencies and percentages. Sensitivity analyses using the
Pearson chi-square test were performed to examine whether
differences in Close Friends use and help-seeking willingness
were attributable to respondents’backgrounds or suicide-related
experiences. We also used ordinal logistic regression to estimate
odds ratios (ORs), adjusted ORs (AORs), and 95% CIs for the
associations of the frequency of Close Friends usage with
willingness of help seeking and suicidality. Statistical
significance was indicated with a P value <.05.

Ethics Approval
Ethical approval was obtained from the local Institutional
Review Board of The University of Hong Kong/Hospital
Authority Hong Kong West Cluster (approval number UW
18-338).

Results

Qualitative Findings

Use of Close Friends and Themes Identified
The usage of Close Friends was mentioned in half of the
individual interviews, and 2 out of 6 focus groups addressed
the concern regarding public online expression and emotional
sharing. Participants who had no experience with private online
expression indicated a preference for seeking emotional support
from close friends.

The following 3 recurrent themes emerged from the analysis
with regard to the usage of Close Friends: (1) reasons for using
Close Friends, (2) general concerns about privacy issues, and
(3) the importance of seeking help from Close Friends for
emotional problems. Each theme is discussed in detail in the
next section and the narrative is supported by the illustration of
pertinent quotes. Study participants are identified by the
interview type and number, gender (“M” and “F” refer to males
and females, respectively), age, and suicide-related experiences
(“with SI/no SI” indicating whether they had any SI;
attempter/nonattempter indicates SA experiences).
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Reasons for Using Close Friends: Results From
Individual Interviews

Overview

The 3 main reasons for using Close Friends were identified
from the individual interviews. These reasons included (1)
interaction and help seeking, (2) negative emotions release, and
(3) ventilation and self-expression. Relevant quotes are selected
and illustrated in the following sections.

Interaction and Help Seeking

Close Friends was commonly used by participants to “interact
and seek help from friends”. Because of the great heterogeneity
of viewers, some participants had difficulty getting support via
public posts, while others were hesitant to disturb friends via
direct messaging. Therefore, posting on Close Friends turned
out to be an ideal option for sharing problems or challenges. It
could be an advance notice for friends in real life that a
follow-up discussion on the issue was anticipated when they
met face-to-face the following day.

I never post public stories but always use Close
Friends when I post stories on Instagram. There are
many people I don’t know on this platform. I don’t
want them to know how I feel. Also, they may not
know me, so it is meaningless for them to see the post.
Sometimes I can’t tell my friends right away after
arguing with my dad at night, so I would post [to
Close Friends] on Instagram. Or maybe there is
nothing serious, and I just want to mention it to them.
We can discuss it face to face directly the next day.
[Individual-12, M, 15 years, secondary school student,
no SI, nonattempter]

Negative Emotions Release

Close Friends is also a haven for those who are determined to
build a favorable public image on social media as it provides a
private space for them to “release negative emotions.” Indeed,
several participants were concerned about how their posts might
be treated and whether their posts with emotional expression
would demote their prestige, particularly in the eyes of strangers.
Thus, using Close Friends made it psychologically safer to
publish unfavorable information on SNSs.

I prefer to post photos with individualized
characteristics to bring a positive feeling to others,
and I won’t post any negative stuff on social media.
However, thanks to Instagram Stories and a new
feature called Close Friends, I share more about my
daily life [as well as negative emotions]. After all,
Instagram is a popular platform with a large number
of targeted audiences. I don’t want people to think
I’m too negative [so I won’t post negative things in
public]. [Individual-5, F, 18 years, university
freshman, with SI, nonattempter]

Ventilation and Self-expression

In addition, as Close Friends posts can only be viewed and
commented on by a limited number of followers, some
participants believed Close Friends was a suitable outlet to
“ventilate” and facilitated their willingness of online expression.

I have seen someone put the image of wrist cutting
on the Internet, but I would not do the same thing. I
would regard [posting online] as one of the ways to
ventilate, and I [tended to] say things in a tactful and
restrained manner. I use Instagram, but I only have
a few followers. Most of them are my close friends.
Sometimes I don't think they could understand me, so
I will treat the posts as if I am speaking to myself.
[Individual-4, F, 16 years, secondary school student,
with SI, attempter]

General Concerns of Privacy Issues: Results From Focus
Groups
However, none of the participants from the focus group
interviews mentioned their experiences of using Close Friends,
although a few did address the privacy concerns when
expressing emotions on social media.

There was no way to ventilate before, because online
platforms were poorly developed then. But now, even
if [online platforms are much better developed
comparatively], when you have something to share,
something you don’t like, or you are uncomfortable
with, you would choose a group of familiar close
friends [instead of everyone online], that is, you will
share it in a small circle. [Group 5: Participant-4, M,
18 years, secondary school student, no SI,
nonattempter]

IG (Instagram) posts may be viewed by too many
people, so I won’t post [my status] on it. I will talk to
close friends [if I have something to share] by
WhatsApp message. [Group 6: Participant-4, F, 16
years, secondary school student, no SI, nonattempter]

Help Seeking: Importance of Contacting Close Friends
for Emotional Problems
Close Friends is a relatively new feature on Instagram;
consequently, some participants might not have known about
it at the time of the interviews. This could explain why some
participants highlighted the importance of contacting and
seeking help from close friends but had never actually used
Close Friends themselves. It is therefore possible that Close
Friends might change their attitudes toward online expression
and that these participants might have a greater interest in
posting on Instagram after learning about the function.

You should find some close friends to chat with, but
not with some people who don't know you entirely. A
close friend means someone who knows your
personality and your ways of doing things. Those who
don't know you may only be able to give some poor
suggestions. [Individual-1, F, 16 years, school
dropout, with SI, nonattempter]

I would talk to my friends about my personal matters
in private and I rarely posted the whole story on my
Instagram account. I usually shared it in the
WhatsApp group since I didn’t dare...[directly posting
it in public]. I wanted to find someone to listen to me,
but I don’t like being judged. [Individual-11, M, 15
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years, secondary school student, with SI,
nonattempter]

Results of the Questionnaire Survey

Respondents to Questionnaires
Of the 1704 returned questionnaires, 1676 contained valid
responses, including 822/1658 from males (49.58%) and
836/1658 from females (50.42%) with a mean age of 16.0 (SD
1.2) years. The number of students in each of the 3 tiers of
school bandings was distributed evenly. Bandings are assigned
to schools based on students’ academic performance in

ascending order. Generally speaking, students attending Band
1 schools scored higher on the university entrance examination.

With regard to suicidality, the following 3 groups were identified
based on indicated SI and SA experiences over the last 12
months: (1) 1228/1643 (74.74%) respondents reported that they
had no SI; (2) 354/1643 (21.55%) respondents reported that
they only had SI; and (3) 61/1643 (3.71%) respondents reported
that they had attempted suicide. Accordingly, respondents’
suicidality was categorized into 3 groups, including “no/low
risk” (no SI), “medium risk” (with SI only), and “high risk”
(with SA). The procedure of categorization of respondents’
suicidality is depicted in Figure 1.

Figure 1. Categorization of the 3 groups for suicidality based on indicated suicide-related experiences.

Frequency of Using Close Friends and Respondents’
Help-Seeking Willingness
More than 70% (1163/1646, 70.66%) of the respondents had
ever used Close Friends and around 46% (754/1646, 45.81%;
95% CI 0.43-0.48) were frequent users (those who selected
“sometimes” and “often”). Around 80% (1010/1266, 79.78%)

of the respondents were willing to seek help from peers and
friends, yet less than 15% (173/1266, 13.67%) of them indicated
an interest in seeking help online for self-distress. The details
of respondents’ sociodemographic characteristics, help-seeking
willingness, and usage of Close Friends are presented in Table
1.
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Table 1. Respondents’ sociodemographic characteristics, willingness of help seeking, and frequency of using Close Friends (n=1676).

Value, n (%)Sociodemographic characteristics

Gender (n=1658)a

822 (49.58)Male

836 (50.42)Female

School banding

442 (26.37)Band 1

578 (34.49)Band 2

656 (39.14)Band 3

Willingness of help seeking (n=1266)b

Online

173 (13.67)Yes

From peers and friends

1010 (79.78)Yes

Frequency of using Close Friends (n=1646)c

483 (29.34)Never

409 (24.85)Seldom

492 (29.89)Sometimes

262 (15.92)Often

aIn total, 18 respondents failed to report their genders. These missing values were acceptable considering the size of the entire data set. The valid
percentages were thus calculated by 1658 responses.
bThe valid percentages of willingness to seek help online or from peers and friends were calculated among those who reported willingness to seek help
(n=1266).
cThere were 30 respondents who failed to report the frequency of using Close Friends. These missing values were acceptable considering the size of
the entire data set. The valid percentages were thus calculated by 1646 responses.

Differences in the Frequency of Using Close Friends
and Help-Seeking Willingness by Respondents’
Background Characteristics
Table 2 presents the differences in the frequency of using Close
Friends and willingness of help seeking among respondents
with varying sociodemographic characteristics and
suicide-related experiences. It was found that around 40%
(295/802, 36.8%) of male respondents had never used Close
Friends, while over half of the female respondents were frequent
users (those who answered “sometimes” and “often”) of Close

Friends (χ2
3=60.2; P<.001). Band 1 school students more often

used Close Friends (χ2
6=12.9; P=.04). With regard to

help-seeking willingness, females were more active in both

online help seeking (χ2
2=5.8; P=.02) and peer and friend–based

help seeking (χ2
1=15.3; P<.001). Students from Band 1 schools

were less likely to seek help online (χ2
2=9.3; P=.009).

Respondents who were willing to seek help from peers and

friends were less likely to develop SI (χ2
2=11.8; P=.003),

whereas those who were willing to seek help online were more

likely to have SI and SA experiences (χ2
2=9.0; P=.01).
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Table 2. Willingness of help seeking and the frequency of using Close Friends by respondents’ background characteristics (n=1676).a

Suicide-related experiencesbSchool bandingsGenderVariables

P
val-
ue

Chi-
square
(df)

Group
3, n/N
(%)

Group
2, n/N
(%)

Group
1, n/N
(%)

P
val-
ue

Chi-
square
(df)

Band 3,
n/N (%)

Band 2,
n/N (%)

Band 1,
n/N (%)

P
val-
ue

Chi-
square
(df)

Female,
n/N (%)

Male,
n/N (%)

.019.0 (2)6/39
(15.4)

48/247
(19.4)

117/964
(12.1)

.0099.3 (2)70/501
(14.0)

71/421
(16.9)

32/345
(9.3)

.025.8 (1)105/660
(15.9)

67/597
(11.2)

Online help-
seeking will-
ingness

.00311.8
(2)

30/39
(76.9)

178/247
(72.1)

788/963
(81.8)

.541.2 (2)392/501
(78.2)

340/420
(81.0)

278/345
(80.6)

<.00115.3
(1)

555/659
(84.1)

450/597
(75.4)

Peer-oriented
help-seeking
willingness

.386.4 (6).0412.9
(6)

<.00160.2
(3)

Frequency of Close Friends use

20/60
(33.3)

100/349
(28.7)

349/1205
(29.0)

191/635
(30.1)

182/574
(31.7)

110/437
(25.2)

181/826
(21.9)

295/802
(36.8)

Never

12/60
(20.0)

77/349
(22.1)

315/1205
(26.1)

167/635
(26.3)

145/574
(25.3)

97/437
(22.2)

194/826
(23.5)

210/802
(26.2)

Seldom

15/60
(25.0)

110/349
(31.5)

362/1205
(30.0)

186/635
(29.3)

162/574
(28.2)

144/437
(33.0)

288/826
(34.9)

200/802
(24.9)

Some-
times

13/60
(21.7)

62/349
(17.8)

179/1205
(14.9)

91/635
(14.3)

85/574
(14.8)

86/437
(19.7)

163/826
(19.7)

97/802
(12.1)

Often

aPearson chi-square tests were used to analyze the data.
bThe 3 groups were divided for suicidality based on reported suicide-related experiences: group 1 includes those who had no SI, group 2 includes those
had SI, and group 3 includes those who had attempted suicide.

Association of the Frequency of Using Close Friends
With Help-Seeking Willingness
Table 3 presents the association of the frequency of using Close
Friends with online and peer-oriented help-seeking willingness.
After adjustment for gender and school banding effect, those
who had ever used Close Friends were significantly more
(P<.001 for “often”, P<.001 for “sometimes”, and P=.001 for
“seldom”) likely to seek help from peers and friends than those
who had never used the feature (AORs 1.82-3.02), independent

of the frequency with which the feature was used. Respondents
who posted in Close Friends most frequently (response of
“often”) had a higher likelihood (P=.03) to seek help online
when compared with those who never used the feature (AOR
1.76, 95% CI 1.06-2.93). However, no significant association
has been found between the other 2 levels of usage frequency
(responses of “sometimes” and “seldom”) and online
help-seeking willingness (P=.44 for “sometimes” and P=.16
for “seldom”).
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Table 3. Summary of ordinal logistic regression analyses for the association of help-seeking willingness with the frequency of using Close Friends

(n=1676).a

Model 2cModel 1Predictor: Frequency of Close Friends useb

Adjusted odds ratio
(95% CI)

P valueSEEstimateCrude odds ratio
(95% CI)

P valueSEEstimate

Outcome 1: Willingness of online help seeking d

1.76 (1.06-2.93).030.260.571.85 (1.13-3.04).020.250.62Frequency: often

1.20 (0.75-1.92).440.240.191.26 (0.79-1.99).330.240.23Frequency: sometimes

1.41 (0.88-2.27).160.240.351.44 (0.90-2.31).130.240.37Frequency: seldom

Outcome 2: Willingness of seeking help from peers and friends e

2.36 (1.51-3.70)<.0010.230.862.57 (1.65-3.98)<.0010.220.94Frequency: often

3.02 (2.06-4.43)<.0010.201.113.10 (2.13-4.51)<.0010.191.13Frequency: sometimes

1.82 (1.27-2.63).0010.190.601.78 (1.24-2.55).0020.180.58Frequency: seldom

aOrdinal logistic regression analyses were used to analyze the data.
bFor the predictor in both analyses, the frequency of using Close Friends has 4 outcome levels in ascending order: never, seldom, sometimes, and often.
The response of “never” was chosen as the reference category.
cModel 2 adjusted for gender and school banding.
dFor outcome 1: willingness of online help seeking, the response of “no” was chosen as the reference category.
eFor outcome 2: willingness of seeking help from peers and friends, the response of “no” was chosen as the reference category.

Association of Suicidality With the Frequency of Close
Friends Use and Willingness of Help Seeking
Table 4 shows the risk factors for suicidality. After adjustment
for the gender and school banding effect, willingness to seek
help online was associated with an increased risk of suicidality
(AOR 1.50, 95% CI 1.04-2.15), while willingness to seek help

from peers and friends was associated with a decreased risk of
suicidality (AOR 0.55, 95% CI 0.39-0.75). In terms of Close
Friends usage frequency, those who “sometimes” used Close
Friends had an elevated risk of suicidality compared with those
who had never used Close Friends (AOR 1.53, 95% CI
1.01-2.31).

Table 4. Summary of ordinal logistic regression analyses for risk of suicidality (n=1676).a

Model 2cModel 1Outcome: risk of suicidalityb

Adjusted odds ratio
(95% CI)

P valueSEEstimateCrude odds ratio
(95% CI)

P valueSEEstimate

Predictor 1: Frequency of Close Friends use (Reference: never)

1.49 (0.98-2.28).070.220.401.60 (1.06-2.41).030.210.47Often

1.53 (1.01-2.31).0470.210.421.56 (1.04-2.34).030.210.44Sometimes

1.26 (0.85-1.85).250.200.231.21 (0.82-1.76).340.190.19Seldom

Predictor 2: Online help-seeking willingness (Reference: no)

1.50 (1.04-2.15).030.190.401.59 (1.11-2.27).010.180.46Yes

Predictor 3: Peer-oriented help-seeking willingness (Reference: no)

0.55 (0.39-0.75)<.0010.17–0.610.56 (0.41-0.77)<.0010.16–0.58Yes

aOrdinal logistic regression analyses were used to analyze the data.
bRisk of suicidality had 3 outcome levels: “no ideation,” “having SI,” and “having attempted suicide.” The response of “no ideation” was chosen as the
reference category.
cModel 2 adjusted for gender and school banding.

Discussion

Principal Findings
To the best of our knowledge, this is the first study on Close
Friends, a newly introduced feature of Instagram. This is also

the first rigorous evaluation to explore how the private
expression features on SNSs may influence adolescents’
willingness of online expression and help seeking with regard
to mental distress and suicidality. Our findings demonstrated
that a sizable proportion (1163/1646, 70.66%) of adolescents
had ever used Close Friends, with around half of the respondents
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(754/1646, 45.81%) being frequent users. We identified 3 major
motivations for using Close Friends during interviews, including
(1) interaction and help seeking, (2) release of negative
emotions, and (3) ventilation and self-expression. In terms of
help-seeking willingness, youths were largely positive toward
seeking help from peers and friends offline, yet negative toward
online help seeking from online professionals or online friends
with whom they had not yet established a relationship in real
life. Most notably, we identified a positive association between
the frequency of using Close Friends and the willingness to seek
help from peers and friends, as well as a tendency for those who
heavily used Close Friends to be predisposed to a higher suicide
risk and greater online help-seeking willingness, compared with
nonusers. Willingness to seek help online was shown to be
positively correlated with suicidality, whereas willingness to
seek help from peers and friends was found to be negatively
associated with suicidality. The findings of our study, therefore,
significantly contribute to the field by highlighting the emerging
trend of private online expression and its relationship with
suicidality and help-seeking willingness among adolescents.
Moreover, it will be effective to raise awareness of suicide
prevention in the public so that we can all learn to be the
guardian angels of others on social media.

Prevalence of Close Friends Usage and
Sociodemographic Variations in Their Use
Our findings show a relatively high prevalence of Close Friends
usage among youth. The popularity of Close Friends is as
predicted, because personal disclosure has been one of the
central aspects of SNS. A higher acceptance rate was found on
Instagram among adolescents for distress expression, owing to
its advanced privacy settings [58]. The gender differences
identified were in line with what was found in the majority of
previous studies [59,60]. Interestingly, students from Band 1
schools used Close Friends more often, which contradicted the
findings of most prior studies, where social media usage had
little or a negative association with academic performance
[61,62]. This could be attributable to the study populations
(university students vs secondary school students) and intents
of using SNSs (entertainment vs private conversation).

Private Online Expression, Willingness of Help
Seeking, and Suicidality
Understanding the topic of private online expression and its
association with help-seeking willingness and suicidality
remains in a nascent state [63]. Our findings suggest that the
new feature could substantially facilitate offline help seeking.
Notwithstanding, the higher-frequency use of Close Friends
may promote online help seeking, whereas the risk of suicidality
would increase concurrently. This finding contrasted with
previous research indicating that only passive use of SNS (ie,
viewing posts), but not active, was linked with a decrease in
one’s subjective well-being [64,65], and suggested that the
frequency of SNS usage could be the determining factor that
resulted in the differences. While some studies reported that
using SNSs may alleviate loneliness and enhance happiness,
others remarked that excessive usage of SNS and online
expression can exacerbate the sense of loneliness and impair
one’s well-being [66]. Similarly, although using Close Friends

for private online communication may help strengthen
real-world social connections and maintain better social capital,
heavy use of the feature may suggest underlying psychological
or social malfunction, such as social media addiction,
smartphone dependency, lack of confidence in person-to-person
interaction, and low self-esteem, all of which indicate poorer
mental health [67]. In addition, there is conflicting evidence on
the relationship between time spent on SNSs and online help
seeking for suicidality [38,40,68], implying that other purposes
and motivations of using SNSs may contribute to the variations
of both public and private online expression. Considering the
basic binary categorization of passive and active use of SNS in
most previous studies, future studies may explore the purposes
of using SNSs in each individual construct embodied by multiple
components.

In other respects, consistent with previous research [69,70], we
identified a higher willingness of seeking help from peers and
friends and a lower willingness of online help seeking. Besides
the lack of knowledge and mental health literacy, based on what
interview participants stressed, privacy concerns and the priority
of close friends for personal emotions may account for the
overall preferences of offline help seeking. Our findings on the
association between suicidality and help-seeking willingness
are also supported by empirical evidence. For example, previous
studies revealed that peer-related loneliness was positively
associated with nonsuicidal self-injury (NSSI) engagement [71]
and that Chinese adolescents with online help-seeking behaviors
had a greater lifetime prevalence of SI [72]. With specific regard
to online help seeking, previous research indicated that
youngsters with lower life satisfaction and a higher level of
stress are more prone to seeking help online [73]. By contrast,
although our study provides no evidence of the significant
relationship between willingness of online and offline help
seeking, a previous study reported that young people who had
sought help online for suicide-related issues were less likely to
disclose to someone offline [39]. Given that vulnerable youth
often report a higher probability of being isolated by peers and
alienated from social circles [74], this might explain why they
have to turn to people online for help and support. The support
from Close Friends could even be more crucial among this group
of users.

Implications for Future Studies
Considering the high prevalence of Close Friends among
adolescents, this kind of private online expression may shape
the behavioral patterns of help seeking. Close Friends provides
a secure space for private communication and online expression,
which encourages at-risk adolescents to be more authentic in
self-disclosure of distress and identity exploration. Increased
self-disclosure with intimate friends would, in turn, reciprocally
enhance the quality of friendship, facilitate relationship
development, and lead to stronger and more stable peer support
[75]. Nonetheless, the high level of confidentiality inherent in
the Close Friends feature may be challenging for online help
services. Albeit previous research shed light on the efficacy of
suicide prevention messaging [76] and professional-led online
risk screening [72], with the use of Close Friends some negative
expressions on SNSs would be circulated within sealed social
circles where external access is entirely prohibited. As a
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consequence, external service providers would have a little
chance to view the messages requesting assistance, and the
private use of SNS would make it more controversial for
professionals to access and gather data from individuals’ social
media due to ethical and privacy concerns [77]. In addition,
similar to Snapchat and discussion boards [78], Close Friends
posts are less content visible and bear more information-sharing
affordances. Qualitative findings demonstrate that negative
emotional release and ventilation are the 2 primary motivations
for youth to initiate expression on Close Friends, and having a
private profile (only visible to “friends”) on Facebook has been
shown to be negatively associated with social capital [79].
Therefore, adolescents who are deeply engaged in posting on
Close Friends may be more exposed to peer hostility and
contentious comments. Given the correlation between
higher-frequency use of Close Friends and online help seeking,
researchers and program administrators should take the use of
Close Friends into careful consideration and propose solutions
to the “blocking” situation.

This study adds evidence to the critical role of peers and friends
in youths’ help seeking and suicide prevention. A study on
friend SNS underscored the value of positive peer evaluation
on SNSs for the social adjustment of adolescents [80]. Peer and
friend support may reassure at-risk adolescents that they are
understood by someone they trust, and even deter them from
ongoing or subsequent suicidal behaviors. It is critical to
promote or foster some good practices among Close Friends
users that encourage them to be attentive to one another’s needs,
and to seek help from outside if a situation within Close Friends
requires immediate attention for the sake of its members’ safety.
By contrast, although most adolescents intend to help peers in
crisis when they read their NSSI posts, some argued that the
peer support was not very useful and had little bearing on the
decrease in their actual NSSI [81]. One probable explanation
is the absence of further guidance in professional consultation,
as adolescents often inquire about professionals’ suggestions
for a peer’s condition, but rarely urge the individual to seek
formal help directly [82]. Therefore, greater emphasis should
be garnered on ways to improve peer training interventions and
advocate for peer support services such that everyone can look
after each other by providing timely mutual support.

Limitations
This study has a number of limitations. First, the Close Friends
feature was not released until midway through the focus groups,
which limited how much information we were able to obtain
on private expression. Considering suicide is usually a
stigmatized topic, the more anonymous data collection approach

(eg, online interviews and online surveys) would generate
responses with greater validity compared with face-to-face
interviews. Second, a validated, multi-item instrument is
required in future research that evaluates suicidality and
help-seeking willingness. This study included only basic
measuring items and demonstrated a simple 3-level structure
to indicate youths’ suicide risks. Given the mixed relationship
between suicidal thoughts, past SAs, and future suicide risk,
such a design inferred a certain degree of invalidity. In addition,
the use of binary items greatly omitted the details regarding
youths’ help-seeking willingness and reduced the validity of
that information. The result of logistic rather than linear
regression could only be considered “preliminary.” To expand
our knowledge of the nuances of these associations, validated
tools that thoroughly assess help-seeking and suicidality are
needed. Third, private online expression is a new field of
research with no validated questionnaire or scale currently
available. Therefore, the items in our survey were derived
mainly from qualitative results and the literature and should be
revised and tested recurrently in future studies on a similar
theme. Additional confounding factors should also be measured,
including the number of close friends, relationship issues,
parental and school support, and habits of using smartphones
and SNSs. Moreover, the number of valid responses to the
questionnaire survey fell short of the expected sample size due
to an unanticipated amount of missing data and the withdrawal
of some schools at the last moment.

Conclusions
The popularity of Close Friends represents the proliferated need
for private online expression, reflecting an emerging trend
among young people for exchanging suicide-related information.
This study demonstrates support for Close Friends usage for
self-expression and private conversation among Hong Kong
adolescents aged 15-19 years and indicates the relevance and
insufficiency of current peer support for suicidal youth. Further
studies should be conducted to determine the causal relationship
between the frequency and purposes of using Close Friends and
willingness to seek help, which would provide more information
for the development of suicide prevention initiatives.
Researchers and social media platforms should exercise caution
when considering the impacts of heavy Close Friends usage
and may also collaborate to co-design a risk monitoring system
adapted to the private SNS context. Such a system would need
to ensure that adolescents’ privacy is not jeopardized when
communicating online as well as efficiently assist professionals
in identifying young people at a high risk of suicide and notify
them of any suicide-related information posted online.
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Abstract

Background: Problematic smartphone use, like problematic internet use, is a condition for which treatment is being sought on
the web. In the absence of established treatments, smartphone-provided tools that monitor or control smartphone use have become
increasingly popular, and their dissemination has largely occurred without oversight from the mental health field.

Objective: We aimed to assess the popularity and perceived effectiveness of smartphone tools that track and limit smartphone
use. We also aimed to explore how a set of variables related to mental health, smartphone use, and smartphone addiction may
influence the use of these tools.

Methods: First, we conducted a web-based survey in a representative sample of 1989 US-based adults using the crowdsourcing
platform Prolific. Second, we used machine learning and other statistical tools to identify latent user classes; the association
between latent class membership and demographic variables; and any predictors of latent class membership from covariates such
as daily average smartphone use, social problems from smartphone use, smartphone addiction, and other psychiatric conditions.

Results: Smartphone tools that monitor and control smartphone use were popular among participants, including parents targeting
their children; for example, over two-thirds of the participants used sleep-related tools. Among those who tried a tool, the highest
rate of perceived effectiveness was 33.1% (58/175). Participants who experienced problematic smartphone use were more likely
to be younger and more likely to be female. Finally, 3 latent user classes were uncovered: nonusers, effective users, and ineffective
users. Android operating system users were more likely to be nonusers, whereas younger adults and females were more likely to
be effective users. The presence of psychiatric symptoms did not discourage smartphone tool use.

Conclusions: If proven effective, tools that monitor and control smartphone use are likely to be broadly embraced. Our results
portend well for the acceptability of mobile interventions in the treatment of smartphone-related psychopathologies and, potentially,
non–smartphone-related psychopathologies. Better tools, targeted marketing, and inclusive design, as well as formal efficacy
trials, are required to realize their potential.

(J Med Internet Res 2022;24(10):e38963)   doi:10.2196/38963
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Introduction

Background
The recognition of psychological downsides to internet-related
technologies is >2 decades old. A large body of epidemiological,
phenomenological, and biological research has accumulated
during that period, leading to the inclusion of Gaming Disorder
in the International Classification of Diseases, 11th revision [1],
and of Internet Gaming Disorder in the appendix to the
Diagnostic and Statistical Manual of Mental Disorders (DSM),
5th Edition [2]. Although the field may have become better at
identifying internet-related psychopathology and, in some cases,
attaching an accepted diagnostic label to it, agreed upon
treatment guidelines remain elusive.

Conventional Treatments
Psychopharmacological interventions have been inspired by
conditions to which problematic internet use has been compared,
including obsessive-compulsive disorder, substance use
disorders, behavioral addictions, and attention deficit
hyperactivity disorder [3]. However, the relatively limited
exploration of serotonin reuptake inhibitors [4], mu receptor
antagonists [5], and stimulants [6] has not yielded solid evidence
to support their broad use. Psychotherapeutic
interventions—individual, group, and residential—have received
more research attention [7] and possess a larger evidence base,
especially in favor of cognitive behavioral therapy. However,
methodological differences, sample nonrepresentativeness, and
other research study limitations preclude strong conclusions
and recommendations for wider adoption.

Using Technology Against Itself
In this relative treatment vacuum, and in parallel with growing
social and cultural recognition of the risks to personal well-being
of runaway smartphone reliance, a new help modality has
emerged and rapidly asserted itself among technology users and
developers, with little direct contribution to its growth and
design from clinicians and mental health experts. Described as
“using technology against itself” [8], it involves 2 basic

offerings: functionalities built into the smartphone that can be
activated at will to monitor and limit use; and apps (dubbed
“apps to wean us off apps”) that can be downloaded from a third
party and used for the same purpose. Like the old
psychopharmacological and psychotherapeutic interventions
explored for problematic internet use, the goal is to track and
curtail excessive or problematic smartphone use through tools
that, if proven successful, might possess some unique advantages
over traditional interventions, including scalability,
cost-effectiveness, diminished stigma, convenience, and lack
of side effects [8]. Aligned with mobile therapy, these
interventions may also benefit from the big acceptability gains
that the telepsychiatry field has enjoyed among patients and
providers during the COVID-19 pandemic, further propelling
their growth in the years to come.

This study assessed the use of built-in smartphone tools meant
to monitor and target problematic or excessive smartphone use
among US-based users. Examples of such tools include screen
time (tracks and quantifies use), grayscale (makes apps and
alerts less noticeable), disabling notifications (reduces
distractions), audio messaging (limits typing and reduces
confusion), night shift (reduces exposure to sleep-disrupting
blue light), tools that move apps from the home screen to reduce
distractibility, and tools that delete apps. Examining the
popularity of such tools, users’ experiences with them, and any
associations with demographic, mental health, and psychosocial
factors can shed light on the promise and limitations of this
growing field and help start a much-needed assessment by the
mental health community of its place within the broader
treatment landscape.

To do so, this study aimed to assess the prevalence of
problematic smartphone use in a representative sample of
US-based users, as well as the use of tools to monitor and control
smartphone use (TMCSU). The study also aimed to explore
how a set of variables related to mental health, smartphone use,
and smartphone addiction may influence the use of TMCSU.

Toward that goal, we tried to answer 6 research questions (RQs),
presented in Textbox 1.
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Textbox 1. Research questions.

Research questions regarding a set of variables affecting use of tools to monitor and control smartphone use (TMCSU):

1. Research question (RQ) 1: In a representative sample of users in the United States, what is the prevalence of problematic smartphone use, as
measured by variables such as daily average use, daily average use for nonessential activities, social problems because of smartphone use, and
smartphone addiction?

2. RQ2: In a representative sample of users in the United States, how common is the use of TMCSU and what is the perceived effectiveness of
these tools? The tools are designed to, for instance, measure daily smartphone use duration, manage notifications, block problematic apps, improve
sleep time and quality, and monitor and control smartphone use in underage children.

3. RQ3: In a representative sample of users in the United States, can we identify the underlying latent classes of smartphone users using TMCSU?

4. RQ4: If the underlying latent classes of smartphone users are identified, what are the associations between the participants’ sociodemographic
characteristics (age and sex) and the uncovered latent classes?

5. RQ5: Among variables such as participants’ smartphone operating system, daily average smartphone use, social problems owing to smartphone
use, smartphone addiction, and diagnosed mental health disorders, what are the most important features (covariates) predicting smartphone users’
latent class membership?

6. RQ6: What are the associations between the covariates (smartphone operating system, daily average smartphone use, social problems owing to
smartphone use, smartphone addiction, mental health disorders, etc) and the latent classes associated with the use of TMCSU?

As this was designed as an exploratory study, no hypotheses
were associated with these RQs.

To our knowledge, and despite the popularity of smartphone
tools intended to curb smartphone use, this is the first
psychological assessment of this digital mental health
intervention. As such, our findings can help guide a field that
is growing rapidly but mostly outside of meaningful scrutiny
by the mental health scientific community.

Methods

Participants
A representative sample of the adult population in the United
States was recruited. Overall, 1989 individuals participated in
the survey and answered a web-based questionnaire. To be
included, participants had to be adults (≥18 years), belong to a
Prolific representative sample of the adult population in the
United States, and provide digital informed consent for study
participation. The only exclusion criterion was reporting no
smartphone use.

The 2 sociodemographic characteristics collected were age and
sex. Age varied between 19 and 76 years (mean 45, SD 16 years)
and was distributed as follows: 19 to 35 years (691/1989,
34.74%); 36 to 60 years (802/1989, 40.32%); and 61 to 76 years
(496/1989, 24.93%). The sex distribution was as following:
male (965/1989, 48.51%); female (1006/1989, 50.57%); and
nonbinary (18/1989, 0.9%).

Recruitment and Sampling
The recruitment of study participants was conducted
anonymously using the web-based crowdsourcing platform
Prolific [9]. Prolific has been described as possessing some
advantages over other similar platforms, including that it is
exclusively dedicated to research studies, and its participants
are more ethnically and geographically diverse and naive to
experimental research tasks [10]. As such, it can allow the
recruitment of a US-based sample of adults aged ≥18 years with
sex, age, and ethnicity characteristics that reflect the US Census
Bureau data. According to the Prolific platform, only people

who have an account on Prolific are notified of studies that they
are eligible for based on the demographic information they
provide. When the study was posted on Prolific, an invitation
was sent by Prolific to a random subset of all eligible
individuals. To be eligible for a US representative sample,
Prolific participants must be residents of the United States and
be fluent in English. The sample in this study is approximately
the maximum deliverable representative sample size by Prolific.
Of the whole sample, 2% were excluded from the analyses
because they did not use a smartphone. Participants received
approximately US $1.3 for completing the questionnaire. The
recruitment was launched and completed in March 2021.

Data Collection Material
Data were collected using a web-based questionnaire. The
questionnaire included 80 questions divided into 5 parts. The
first part included 48 questions assessing sociodemographic
characteristics (eg, age and sex); a screening question about
smartphone use; items on smartphone operating system (OS);
items on smartphone use behavior during the previous 12 months
(eg, daily use duration, use behavior, daily average use duration
on nonessential activities, and social problems owing to
smartphone use); items on the use of smartphone TMCSU
behavior during the previous 12 months (whether participants
used them, and, if yes, how often [rarely, sometimes, or
frequently] and with what perceived effectiveness [very
effective, somewhat effective, neither effective nor ineffective,
somewhat ineffective, or very ineffective]); and items on lifetime
mental health and alcohol use disorder diagnoses (yes or no).

The second and third parts of the questionnaire assessed mental
health and smartphone addiction, respectively. The latter was
assessed using the smartphone application-based addiction scale
[11], which comprises 6 items and a 6-point response scale
ranging from strongly disagree to strongly agree. Mental
health–related symptoms were assessed using the DSM, 5th
Edition self-rated level 1 cross-cutting symptom measure [12]
(24 items and a 5-point response scale ranging from not at all
to nearly every day), which assesses symptoms over the 2 weeks
preceding survey completion across 14 domains: depression,
anxiety, anger, mania, personality functioning, sleep problems,
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somatic symptoms, suicidal ideation, psychosis, sleep problems,
memory, repetitive thoughts and behaviors, and dissociation
and substance use. In this study, these dimensions were labeled
DSM Depression, DSM Anxiety, and so on.

The fourth part included a single item on how smartphone use
may have changed during the COVID-19 pandemic (7-point
response scale ranging from decrease to increase). Finally, the
fifth part of the questionnaire included a single question about
daily smartphone screen time. The raw data and collection
materials were accessible through a coauthor’s research database
[13].

Data Analysis
To answer RQ1, we built a cross tab with the problematic
smartphone use variables against sociodemographic
characteristic variables, and we conducted a Pearson chi-square
analysis on the resulting contingency table.

To answer RQ2, descriptive statistical analyses were conducted
on the data regarding participants’ use of TMCSU.

To answer RQ3, we conducted latent class analysis (LCA) using
the poLCA R package. LCA is a way to uncover hidden
groupings within data. From the participants’ item responses,
LCA algorithms divided participants into subgroups based on
unobservable constructs (latent variables). The resulting
subgroups were called latent classes. This technique is analogous
to factor analysis where the model determines the latent
variables from the manifest (measured) variables. Unlike cluster
analysis techniques, which are based on mathematical distances
(eg, Euclidean distances) or mathematical density, LCA is based
on participants’ probability of giving different designed
modalities of response (items-response probability) and the
probability of membership in the modeled latent classes.
Therefore, LCA is considered more advantageous than cluster
analysis for model selection and interpretation [14,15]. In total,
we ran 9 LCA models, with the first model nclass=2, second
model nclass=3, and so on. In each model, the other poLCA
function parameter settings were as follows: nrep=10, na.rm=F,
graphs=T, and maxiter=100,000. After ensuring that the 9
models built were well identified (through maximum likelihood
estimation), we proceeded with the comparison and model
selection. On the basis of the Akaike information criterion, the
Bayesian information criterion, entropy metrics (respectively
30224.17, 30858.43, and 0.83), and interpretability, we selected
the model with 3 latent classes.

To answer RQ4, we computed a cross tab with age against sex
against latent class, and then calculated Pearson chi-square of
independence.

To answer RQ5, we built a machine learning model using the
random forest (RF) classification algorithm [16]. The RF method
uses a random subset of predictors and participants and, through
recursive partitioning, tests the strength of each available
predictor variable individually. This involves building a decision
tree from the strongest available predictors and testing the tree’s
overall predictive power on the out-of-bag sample (a subset of
data that were not used to build the tree). The RF algorithm
performs this repeatedly, separately bootstrapping thousands
of decision trees and then averaging them out. RF classification

models reveal, among other outputs, the importance of each
predictor variable (predictors which made the largest
contributions to the model) based on a measure called mean
decrease accuracy (MDA). The MDA plot expresses how much
accuracy the model loses by excluding each variable. The more
the accuracy suffers, the more important the variable is for
successful classification. Thus, the variables can be presented
in ascending or descending order of importance. RF is
nonparametric and, in essence, is able to capture nonlinear
relationships [16]. To select the best model, we constructed 4
classification models with different fitting parameters. Each
model was built using the randomForest package for R. In
machine learning, the original data set is split into at least 2
sets: one to train the model (train-set; usually 70%-80% of the
sample), the other to estimate the performance of the model
when used to make predictions (test-set; 20%-30% of the
sample). In this study, the data set was split as follows:
train-set=70% and test-set=30% of the sample. The selected
model had the following tuning parameters: ntree=500, which
means that each RF model was built from 500 classification
trees; and mtry=8, which means that the number of predictors
available for splitting at each tree node was set to 8. The
performance metrics of the selected model on the test-set data
were as follows: accuracy score=0.73 (95% CI 0.66-0.78); no
information rate=69; P (accuracy>no information rate)=0.038;
κ=0.74.

The choice of using machine learning algorithms instead of
traditional methods stems from the fact that these algorithms
have hyperparameters that can be used to build different models
with improved prediction capabilities to test the models’
respective performance using a subset of the main data set
(named test-set) and to choose the models that best fit the data
according to specific metrics [16]. Although the data set used
in this study is relatively small for machine learning apps, the
algorithm we used in our analysis (RF) is considered to be
among the best for prediction analysis and for generating
statistics of the most important predictor variables in ranking
order [16]. Importantly, the RF algorithm has specific
parameters that can be used to control the data set size and the
imbalanced number of participants in the studied classes [16].
Furthermore, regarding prediction analysis, RF has been found
to outperform traditional methods even when using relatively
small data sets [16]. However, machine learning classification
and regression algorithms are designed for prediction purposes
and do not offer inference statistics; thus, we resorted to
traditional methods such as logistic regression to obtain
inference information (variable association probability metrics).

To answer RQ6, we built a multinomial logistic regression
model using the SPSS software (version 28.0; IBM Corp).
According to the likelihood ratio chi-square test, the full model
showed a significant improvement in fit over the null model

(χ2
36=552.1, P<.001). Pearson chi-square test indicated that the

model fit the data well (χ2
3880=4031.4, P=.05), and the deviance

chi-square indicated good fit (χ2
3880=3490.9, P=.99)—indeed,

in the latter 2 cases, nonsignificant test results were indicators
that the model fit the data well (Field, 2018; Petrucci, 2009)
[17,18].
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Ethics Approval
Participants provided digital informed consent for their survey
contribution. Participation was voluntary and was restricted to
those aged ≥18 years. All the data were collected anonymously.
In accordance with the Swiss Human Research Act (Chapter 1,
Section 1, Article 2 Scope: 2c) [19], no ethics assessment was
applied for as anonymously collected or anonymized
health-related data do not fall under the research act's scope.

Results

Basic Descriptive Statistics on the Participants
Smartphone Use
The 2 sociodemographic characteristics collected were age and
sex. Age varied between 19 and 76 years (mean 45, SD 16 years)
and was distributed as follows: 19 to 35 (691/1989, 34.74%);
36 to 60 (802/1989, 40.32%); and 61 to 76 years (496/1989,
24.93%). The sex distribution was as follows: male (965/1989,
48.51%); female (1006/1989, 50.57%); and nonbinary (18/1989,
0.9%). The participants’ smartphone OS distribution was as
follows: Android, 55.15% (1097/1989); iOS, 43.94%
(874/1989); other, 0.3% (6/1989); and do not know, 0.6%
(12/1989). Participants’ daily average smartphone use in the 12
months preceding the study was as follows: 0.27 to 17 hours
(mean 3.33, SD 2.27 h; median=3 h). Furthermore, of 1989
participants’ daily average nonessential smartphone use in the
12 months preceding the study was as follows: <1 hour, 14.03%
(279/1989); 1 to 3 hours, 39.22% (780/1989); 3 to 5 hours,

26.49% (527/1989); 5 to 7 hours, 9.45% (188/1989); 7 to 9
hours, 5.68% (113/1989); and >9 hours, 5.13% (102/1989).
Finally, of the 1989 participants’ experience of social problems
owing to smartphone use in the 12 months preceding the study
was as follows: definitely no, 1109 (55.76%); probably no, 557
(28%); probably yes, 262 (13.17%); and definitely yes, 61
(3.07%) respectively.

The Prevalence of Smartphone Problematic Use (RQ1)
Table 1 shows a cross tab of participant responses to the
problematic smartphone use variables × the sociodemographic
variables.

As shown in Table 1, 21.87% (435/1989) of the participants
reported a high (4-17 h) daily average smartphone use; females
and younger adults (19-35 years) were significantly more likely
to be part of this group than males, adults (36-60 years), and
older adults (61-76 years). A total of 46.76% (930/1989) of
participants reported a high (>3 hours) daily average duration
using the smartphone for nonessential activities; females and
younger adults were more likely to be part of this group than
males, adults, and older adults. Moreover, 16.24% (323/1989)
of the participants reported having experienced social problems
owing to problematic smartphone use; younger adults were
more likely to be part of this group than adults and older adults.
Finally, 13.42% (267/1989) of the participants reported
experiencing smartphone addiction (scored >4 points, 1-6–point
scale, in ≥4 of the 6 items in the smartphone application-based
addiction scale); females and younger adults were more likely
to be part of this group than males, adults, and older adults.

Table 1. Problematic smartphone use behavior in the US adult population by age category and sex (N=1989).

SAd, n (%)ESPDSUc, n (%)DADUSNAb, n (%)DASUa, n (%)Demographics

YesNoYesNoHighLowHighIntermediateLow

267 (13.4)1722 (86.6)323 (16)1666 (83.8)930 (46.8)1059 (53.2)435 (21.9)1000 (50.3)554 (27.9)Total

Age in years

149 (55.8)e542 (31.4)e211 (65.3)e480 (28.8)e462 (49.7)e229 (21.6)e246 (56.6)e339 (33.9)e106 (19.1)e19-35

97 (36.3)e705 (40.9)e95 (29.4)e707 (42.4)f346 (37.2)e456 (43.1)e144 (33.1)e409 (40.9)e249 (44.9)e,f36-60

21 (7.9)e475 (27.6)e17 (5.3)e479 (28.8)g122 (13.1)e374 (35.3)e45 (10.3)e252 (25.2)e199 (35.9)e,g61-76

Sex

122 (45.7)e843 (49)e159 (49.2)e806 (48.4)e413 (44.4)e552 (52.1)e190 (43.7)e455 (45.5)e320 (57.8)eMale

142 (53.2)e864 (50.1)f159 (49.2)f847 (50.8)f505 (54.3)e501 (47.3)e241 (55.4)e534 (53.4)e231 (41.7)eFemale

3 (1.1)f15 (0.9)g5 (1.5)g13 (0.8)g12 (1.3)e6 (0.6)e4 (0.9)e11 (1.1)e3 (0.5)eNonbinary

aDASU: daily average smartphone use duration (low=0-2 h; intermediate≥2-4 h; >4-17 h).
bDADUSNA: daily average duration of using smartphones for nonessential activities (low=0-3 h; high≥3 h).
cESPDSU: experienced social problems owing to smartphone use (in previous 12 months).
dSA: experiencing smartphone addiction; scored >4 points (on a 1-6–point scale) for ≥4 of the 6 items in the smartphone application-based addiction
scale.
eFigures with the same exponent in each column were significantly different (P<.05). The figures with different exponents were not significantly
different. For example, regarding age, 19% is significantly different from 45% and from 36%; 45% and 36% are not significantly different.
fRegarding age, 45% is significantly different from 19%.
gRegarding age, 36% is significantly different from 19%.
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The Popularity of TMCSU (RQ2)
As shown in Table 2, the 3 most commonly used tools were
those designed to reduce notifications (973/1989, 48.92%),
reduce smartphone screen time (913/1989, 45.9%), and improve
sleep time and quality (702/1989, 35.29%). Of the tools that
the participants tried, the most frequently used were designed
to help sleep (484/1989, 24.33%) and reduce notifications

(436/1989, 21.92%), whereas the ones considered the most
effective were those that removed apps from the home screen
(81/291, 27.8% found it effective), deleted apps (126/574,
21.9%), and helped sleep (147/702, 20.9%). Among the parents
of underage children (483/1989, 24.28%), 36.2% (175/483)
targeted their children with TMCSU, with 57.1% (100/175)
using them frequently and 33.1% (58/175) finding them
effective.

Table 2. Participants’ use of tools to monitor and control smartphone use, by tool (N=1989).

Participants that considered

the tool effectivea, n (%)

Participants using the

tool frequentlya, n (%)

Participants using
the tool, n (%)

Participants (N)Tool category

39 (14.8)29 (11)263 (13.2)1989Tools to limit daily smartphone use duration

155 (17)96 (10.5)913 (45.9)1989Tools to reduce screen time

115 (17)96 (14.2)676 (34)1989Tools to calculate screen time

23 (12.8)45 (25.1)179 (9)1989Tools to block apps

17 (14.8)39 (33.9)115 (5.8)1989Tools make the smartphone less distracting

147 (20.9)484 (68.9)702 (35.2)1989Tools to improve sleep time and quality

185 (19)436 (44.8)973 (48.9)1989Tools to reduce notifications

81 (27.8)78 (26.8)291 (14.6)1989Tool to remove apps from smartphone home screen

126 (22)113 (19.7)574 (28.9)1989Tool to delete apps from smartphone

58 (33.1)100 (57.1)175 (36.2)483bTool to control children’s smartphone use

aAmong the number of participants using the tool.
bNumber of participants with (<18 years) children.

Composition of the TMCSU Users’ Latent Classes
(RQ3 and RQ4)
Table 3 shows the composition of the TMCSU latent classes
by age and sex. The first latent class (691/1989, 34.74%) was
labeled nonsmartphone-use control (NSC) because members
of this group had a low or nonexistent probability of using any
of the proposed TMCSU. Males, adults, and older adults were
significantly more likely to be part of this group compared with
females and younger adults. The second latent class (950/1989,
47.76%) was labeled as ineffective–smartphone-use control
(ISC) because members of this group had a moderate probability

of using any of the proposed TMCSU and tended to consider
that the use of these tools was ineffective. Females, younger
adults, and adults were more likely to be part of this group than
males and older adults.

The third latent class (348/1989, 17.49%) was labeled
effective–smartphone-use control (ESC) because members of
this group had a moderate to high probability of using most of
the proposed TMCSU and tended to consider that the use of
these tools was effective. Females and younger adults were
more likely to be part of this group than males, adults, and older
adults.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e38963 | p.479https://www.jmir.org/2022/10/e38963
(page number not for citation purposes)

Aboujaoude et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Composition of the tools to monitor and control smartphone use user latent classes by age category and sex (N=1989).

Total participants (N=1989), n (%)Latent classes, n (%)Demographics

ESCc (n=348)ISCb (n=950)NSCa (n=691)

Age (years)

691 (34.7)205 (59)d350 (36.8)d136 (19.7)d19-35

802 (40.3)112 (32.1)d399 (42)d291 (42.1)d36-60

496 (25)31 (9)d201 (21.1)d264 (38.2)d,e61-76

Sex

965 (48.5)155 (44.5)d,e454 (47.8)d356 (51.5)d,eMale

1006 (50.6)185 (53.1)d,f487 (51.2)d334 (48.3)d,fFemale

18 (0.9)8 (2.2)d9 (0.9)d1 (0.1)dNonbinary

aNSC: nonsmartphone-use control latent class.
bISC: ineffective–smartphone-use control latent class.
cESC: effective–smartphone-use control latent class.
dFigures with the same exponent in each column were significantly different (P<.05). For example, regarding sex, 52% was significantly different from
0%; 48% was significantly different from 0%; and 52% and 48% were not significantly different.
eRegarding sex, 52% is significantly different from 0%.
fRegarding sex, 48% is significantly different from 0%.

The Most Important Predictor Variables of the Latent
Class Membership (RQ5)
Figure 1 shows the RF machine learning selected model MDA
plot, that is, the 22 predictor variables (in decreasing order of
importance) of the 3 uncovered TMCSU latent classes.

As shown in Figure 1, of the 22 predictors included in this
model, the 10 most important were daily average smartphone

use, experienced smartphone addiction, experienced social
problems owing to problematic smartphone use, daily average
duration of smartphone use for nonessential activities, DSM
depression, DSM anxiety, DSM anger, DSM mania, DSM
personality functioning, and DSM sleep problems. The 3 least
important predictor variables were alcohol use disorder
diagnosis, seeking professional help to reduce smartphone use,
and seeking professional help because of social problems
associated with smartphone use.
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Figure 1. Mean decrease accuracy plot of the random forest machine learning model. It shows, in descending order of importance, the predictor variables
of latent class membership. DSM: Diagnostic and Statistical Manual of Mental Disorders; OS: operating system; RSUD: reduce smartphone use duration;
SA: smartphone addiction; SPASPU: social problems associated with smartphone problematic use; SPDSU: social problems owing to smartphone use;
SUD: smartphone use duration; USNA: using smart phone on nonessential activities.

As discussed, the value associated with the MDA (eg,
MDA=18.11) means that if the corresponding predictor variable
(ie, daily average smartphone use duration) were removed, the
model would lose that value (ie, 18.11 points) of its total
accuracy score.

The importance of the RF machine learning algorithm is that it
not only enables the ranking of predictor variables but also
allows for variable selection and variable multicollinearity
checks. Thus, only the predictor variables with an MDA of >2

and the nonmulticollinearity variables were selected for the
multinomial logistic regression model presented below.

Associations Between the Covariates and the Three
Uncovered Latent Classes (RQ6)
Table 4 summarizes the multinomial logistic regression models.
In this model, the NSC latent class was set as the reference class
and coded 0, which means that the model was designed to
predict the probability of an individual belonging to the ISC
latent class (coded 1) and the ESC latent class (coded 2).
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Table 4. Estimated β coefficients for the associations between latent classes and covariates.

P valueORa (95% CI)β coefficient (SE)Latent classes and covariates

ISCb

.001d0.7 (0.565 to 0.867)−.356 (0.109)Smartphone OSc

.01d1.088 (1.017 to 1.163).084 (0.034)Daily average smartphone use duration

.003d1.175 (1.055 to 1.309).162 (0.055)Dailly average duration using smartphone for nonessential activities

<.001d1.495 (1.247 to 1.792).402 (0.092)Experienced social problems owing to problematic smartphone use

.006d1.034 (1.01 to 1.059).033 (0.012)Experiencing smartphone addiction

.681.038 (0.872 to 1.234).037 (0.089)DSMe depression

.04d1.169 (1.011 to 1.353).156 (0.074)DSM anger

.131.144 (0.963 to 1.359).135 (0.088)DSM mania

.991 (0.839 to 1.191).000 (0.089)DSM anxiety

.760.975 (0.832 to 1.143)−.025 (0.081)DSM somatic symptoms

.01d0.744 (0.589 to 0.939)−.296 (0.119)DSM suicidal ideation

.04d1.665 (1.033 to 2683).51 (0.243)DSM psychosis

.181.074 (0.967 to 1.193).072 (0.054)DSM sleep problems

.810.981 (0.843 to 1.143)−0.019 (0.078)DSM memory

.681.053 (0.825 to 1.344).052 (0.124)DSM repetitive thoughts-behaviors

.661.048 (0.849 to 1.295).047 (0.108)DSM dissociation

.760.972 (0.816 to 1.158)−.028 (0.089)DSM personality functioning

.840.982 (0.829 to 1.164)−.018 (0.086)DSM substance abuse

ESCf

.04d0.725 (0.536 to 0.982)−.321 (0.155)Smartphone OS

<.001d1.212 (1.117 to 1.316).192 (0.042)Daily average smartphone use duration

.061.158 (0.997 to 1.344).146 (0.076)Dailly average duration using smartphone for nonessential activities

<.001d2.45 (1.973 to 3.043).896 (0.111)Experienced social problems owing to problematic smartphone use

<.001d1.062 (1.029 to 1.097).061 (0.017)Experiencing smartphone addiction

.871.021 (0.804 to 1.295).02 (0.122)DSM depression

.381.093 (0.897 to 1.331).089 (0.100)DSM anger

.02d1.293 (1.042 to 1.605).257 (0.110)DSM mania

.771.036 (0.822 to 1.305).035 (0.118)DSM anxiety

.921.011 (0.819 to 1.247).011 (0.107)DSM somatic symptoms

.120.802 (0.609 to 1.056−.221 (0.140)DSM suicidal ideation

.003d2.195 (1.304 to 3.695).786 (0.266)DSM psychosis

.711.029 (0.889 to 1.19).028 (0.074)DSM sleep problems

.291.107 (0.917 to 1.336).101 (0.096)DSM memory

.300.853 (0.631 to 1.154)−.159 (0.154)DSM repetitive thoughts-behaviors

.04d1.296 (1.012 to 1.66).259 (0.126)DSM dissociation

.221.149 (0.922 to 1.432).139 (0.112)DSM personality functioning

.01d0.725 (0.562 to 0.936)−.321 (0.130)DSM substance abuse

J Med Internet Res 2022 | vol. 24 | iss. 10 |e38963 | p.482https://www.jmir.org/2022/10/e38963
(page number not for citation purposes)

Aboujaoude et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


aOR: odds ratio.
bISC: ineffective–smartphone-use control latent class.
cOS: operating system.
dSignificant at least at P<.05.
eDSM: Diagnostic and Statistical Manual of Mental Disorders.
fESC: effective–smartphone-use control latent class.

In this table, the top part represents comparisons between NSC
latent class, which is the reference class (baseline) and ISC
latent class. The covariates significantly associated with the
latent classes are the following: DSM psychosis (β=.51; odds
ratio [OR] 1.665, 95% CI 1.033-2.683; P=.04); experienced
social problems owing to smartphone use (β=.402; OR 1.495,
95% CI 1.247-1.792; P<.001); daily average duration using
smartphone for nonessential activities (β=.162; OR 1.175, 95%
CI 1.055-1.309; P=.003); DSM anger (β=.156; OR 1.169, 95%
CI 1.011-1.353; P=.04); daily average smartphone use (β=.084;
OR 1.088, 95% CI 1.017-1.163; P=.01); experienced
smartphone “addiction” (β=.033; OR 1.034, 95% CI
1.01-1.059; P=.006); smartphone Android OS (β=−.356; OR
0.7, 95% CI 0.565-0.867; P=.001); and DSM suicidal ideation
(β=−.296; OR 0.744, 95% CI 0.589-0.939; P=.01). A positive
β coefficient indicates that an increase in the concerned covariate
increases the probability of belonging to the ISC group, whereas
a negative β coefficient indicates that an increase in the
concerned covariate increases the probability of belonging to
the NSC group. For the smartphone Android OS variable, for
example, participants using the Android OS were significantly
less likely (negative β coefficient) to be part of the ISC latent
class. In the context of this analysis, the OR values can be
interpreted as effect sizes. For example, if we take the DSM
psychosis covariate, which has an OR of 1.665, for each unit
increase in the participants’ DSM psychosis score, the odds of
belonging to the ISC group is 67% greater after controlling for
other predictors. Note that when interpreting an OR, it is
important to examine how much it deviates from 1. For instance,
an OR of 0.7 means that in one group, the outcome is 30% less
likely. An OR of 1.66 means that in one group, the outcome is
66% more likely. However, an OR of 2 or 3.22 means that in
one group, the outcome is, respectively, 2 times or 3 times more
likely.

The bottom part of the table shows comparisons between the
NSC and ESC latent classes. Here, the covariates significantly
associated with the latent classes are experienced social
problems owing to smartphone use (β=.896; OR 2.450, 95%
CI 1.973-3.043]; P<.001); DSM psychosis (β=.786; OR 2.195,
95% CI 1.304-3.695; P=.003); DSM dissociation (β=.259; OR
1.296, 95% CI 1.012-1.66; P=.04); DSM mania (β=.257; OR
1.293, 95% CI 1.042-1.605; P=.02); daily average smartphone
use (β=.192; OR 1.212, 95% CI 1.117-1.316; P<.001);
experienced smartphone addiction (β=.061; OR 1.062, 95% CI
1.029-1.097; P<.001); DSM substance abuse (β=−.321; OR
0.725, 95% CI 0.562-0.936; P=.01); and smartphone Android
OS (β=−.321; OR 0.725, 95% CI 0.536-0.982; P=.04), this
means that participants using smartphones with Android OS
are significantly less likely to be part of ESC latent class.

Discussion

Principal Findings
The results suggest that females and younger adults are more
likely to show high daily total smartphone use (4-17 h) and high
(>3 h) daily nonessential smartphone use. Regarding smartphone
addiction, 13.42% (267/1989) of the participants reported
experiencing it, again with females and younger adults being
significantly more likely to be affected. A slightly larger
percentage, 16.24% (323/1989) reported social problems
attributable to smartphone use, with younger adults being
statistically more likely to be in this group. The higher risk
among younger females has been highlighted in several previous
studies [20-23] and has been linked to higher reliance on mobile
phones by young females for interpersonal, social, and safety
needs [24,25]. This argues for an inclusive and sex-minded
design for smartphone monitoring and control tools.

Regarding the use of TMCSU, the smartphone functionalities
that limit notifications and reduce screen time were the most
commonly tried and used by nearly half of the sample, followed
by those that improve sleep (702/1989, 35.29%). Once tried,
participants were most likely to keep using sleep-related tools
(484/702, 68.9%) and those that limit notifications (436/973,
44.8%). This suggests awareness of real problems such as
insomnia, distractibility, and encroachment on other aspects of
life caused by disruptive and excessive engagement with
smartphones and is in line with increased citizen calls for more
effective regulation of Big Tech and up-to-date legislation to
curb runaway technology growth [26]. This also reflects good
acceptability of these tools, suggesting that the introduction of
rigorously tested and proven alternatives in the future would
likely be embraced by many smartphone users.

The need for more efficacious tools is highlighted by the finding
that relatively small percentages of frequent users of tools that
move apps from the home screen, delete apps, and help improve
sleep actually found them effective (81/291, 27.8%; 126/574,
21.9%; and 147/702, 20.9%, respectively). Similar issues were
highlighted in the experiences of parents in our sample; while
more than a third targeted their underage children with tools to
monitor and limit their smartphone use, and more than half
relied on them frequently, only a third found them effective.

The LCA revealed intriguing results. A total of 34.74%
(691/1989) of the sample mapped to a class that had a low or
nonexistent probability of using any queried smartphone tools,
with males, adults, and older adults being significantly more
likely to belong to this group than females and younger adults.
This suggests that, if proven effective, the marketing of new
tools that curb excessive smartphone use should focus on these
subgroups. Another 17.5% (348/1989) had a moderate to high
probability of using the queried tools and tended to find them
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effective, with females and younger adults more likely to belong
to this group than males, adults, and older adults. This suggests
that females and younger adults, who in our sample were
statistically more likely to experience smartphone addiction
and to spend most of their time using their smartphone and
performing nonessential smartphone activities, were also the
most optimistic about the possibility of finding help on their
smartphones. This is not surprising; accustomed to pursuing all
activities on the web, digital natives may also gravitate toward
finding help there, including for technology-mediated problems
[27]. The largest latent class (965/1989, 48.52%) had a moderate
probability of using the queried tools and tended to consider
them ineffective, with females, younger adults, and adults being
more likely to be part of this group than males and older adults.

Regarding the predictors of the extent to which participants
used tools to monitor and control smartphone behaviors and
whether they found them effective, no solid conclusions could
be drawn. The machine learning model suggests that the most
important predictors are related to smartphone use behavior,
interpersonal relationships, and some psychopathological aspects
(eg, daily smartphone use, smartphone addiction, social
problems, DSM depression, DSM anxiety, DSM anger, DSM
mania, DSM personality functioning, and DSM sleep), while
the less important predictors are related to other
psychopathological aspects (eg, alcohol use disorder diagnosis,
DSM suicidal ideation, and DSM dissociation).

In addition, participants using the Android OS were more likely
to not use tools to monitor or control smartphone use compared
with those using iOS, perhaps suggesting inadequate marketing
and outreach on the part of its maker or an inferior product or
platform. Similarly, participants with high scores on the DSM
suicidal ideation and substance abuse measures were more likely
to not use TMCSU behavior. This may suggest a heavier reliance
on smartphones among the more severely depressed or substance
users, making curtailing use less appealing. Alternatively, it
could suggest self-esteem– or motivation-related obstacles
among participants with depression.

Other mental health conditions did not seem to discourage the
use of these tools, but no clear pattern emerged as to their
effectiveness. Participants with high scores on DSM mania and
dissociation were statistically more likely to report effective
use versus no use, possibly as a means to reduce stimulation in
the former group. In contrast, those with high scores on DSM
anger and total nonessential smartphone use, were more
statistically likely to report ineffective use versus no use,
possibly owing to the difficulty in reaching the effective
threshold of tool engagement among those with heavy
nonessential use or engaging appropriately with the tools among
those with anger issues. In addition, some participants with high
scores on addiction, DSM psychosis, daily average smartphone
use duration, and social problems owing to use were
significantly more likely to ineffectively use the TMCSU,
whereas others were significantly more likely to effectively use
the TMCSU.

Taken together, our data seem to portend well for the
acceptability and possible effectiveness of mobile telepsychiatry
help, including for conditions considered more challenging and

for which digital health interventions may not have been
seriously considered.

A few limitations complicate our interpretations and warrant
discussion. The web-based questionnaire was based on
self-reporting, which can introduce bias and compromise
validity. This is true, for example, when recalling the amount
of time spent, the specific tools used, and the effectiveness of
the tools used. In addition, the conditions assessed—smartphone
addiction as well as DSM-based categories—were not the
product of the gold standard in-person comprehensive diagnostic
evaluation and may, therefore, be unreliable. Furthermore, the
sample, though large and with a broad age range and nearly
equal male-female sex distribution, was exclusively US-based,
potentially limiting its generalizability. The sample also included
only adults aged ≥18 years, when many of the issues assessed
are highly relevant to younger adolescents who are often thought
to be disproportionately impacted by smartphone use and
internet-related technologies. Whether our findings can be
generalized to this subpopulation is unknown. In addition, the
fact that our survey was exclusively on the web may also have
overrepresented individuals with smartphone-related problems
or those who gravitate to smartphone solutions. Furthermore,
despite a study sample representative of the adult population in
the United Sates across demographic variables, a selection bias
related to Prolific participation or study selection by participants
cannot be ruled out.

Finally, the survey was conducted during the COVID-19
pandemic, a period that witnessed heightened reliance on
internet-related technologies, which likely affected participants’
engagement with and perceptions of their smartphones and
smartphone tools. Nevertheless, this is the first psychological
evaluation of smartphone tools that curb smartphone use, and
our results suggest a potentially promising future for this digital
mental health intervention.

Conclusions
At >20 years of age, internet addiction has become a condition
whose treatment is taking place over digital platforms. The old
joke that asked users to “click here if you are addicted to the
internet” is no longer funny insofar as users are increasingly
“clicking” for that service as they seek on the web the tools and
resources to address a problem that they are more aware of than
ever before. Our study shows a relatively high acceptability of
these tools and an openness to trying and using them, even if
the effectiveness of the currently available tools remains
inadequate. This is true for individuals trying to monitor or
curtail their own use, as well as parents trying to achieve the
same for their underage children. Given the limitations and
despite 2 decades of research, of the psychopharmacological
and psychotherapeutic offerings tested, the field and culture at
large would benefit from rigorous scientific testing of these and
other tools and their intelligent deployment with an eye toward
those groups that seem most affected and those that seem most
resistant. As it stands now, however, these tools are being
developed, marketed, and widely adopted largely outside of any
meaningful scientific scrutiny by the mental health field. This
raises an important issue that the field must address: these
built-in tools are often offered by the smartphone makers
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themselves and as a result come with a built-in conflict of
interest. Digital companies rely on the amount of time users
spend interacting with their products for their income. Therefore,
any endorsement by smartphone makers of tools that limit
smartphone use should invite some skepticism, including any
public relations-type motives.

Finally, the COVID-19 pandemic has brought greater
acceptability to the telepsychiatry field overall, which could
mean even larger adoption of smartphone tools that are meant
to enhance well-being in the future. This would constitute a
clear advance if these tools can be proven effective in
well-designed representative research trials and suggests that
the time is ripe for such research trials to be conducted.
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Abstract

Background: Listening programs enable hearing aid (HA) users to change device settings for specific listening situations and
thereby personalize their listening experience. However, investigations into real-world use of such listening programs to support
clinical decisions and evaluate the success of HA treatment are lacking.

Objective: We aimed to investigate the provision of listening programs among a large group of in-market HA users and the
context in which the programs are typically used.

Methods: First, we analyzed how many and which programs were provided to 32,336 in-market HA users. Second, we explored
332,271 program selections from 1312 selected users to investigate the sound environments in which specific programs were
used and whether such environments reflect the listening intent conveyed by the name of the used program. Our analysis was
based on real-world longitudinal data logged by smartphone-connected HAs.

Results: In our sample, 57.71% (18,663/32,336) of the HA users had programs for specific listening situations, which is a higher
proportion than previously reported, most likely because of the inclusion criteria. On the basis of association rule mining, we
identified a primary additional listening program, Speech in Noise, which is frequent among users and often provided when other
additional programs are also provided. We also identified 2 secondary additional programs (Comfort and Music), which are
frequent among users who get ≥3 programs and usually provided in combination with Speech in Noise. In addition, 2 programs
(TV and Remote Mic) were related to the use of external accessories and not found to be associated with other programs. On
average, users selected Speech in Noise, Comfort, and Music in louder, noisier, and less-modulated (all P<.01) environments
compared with the environment in which they selected the default program, General. The difference from the sound environment
in which they selected General was significantly larger in the minutes following program selection than in the minutes preceding
it.

Conclusions: This study provides a deeper insight into the provision of listening programs on a large scale and demonstrates
that additional listening programs are used as intended and according to the sound environment conveyed by the program name.

(J Med Internet Res 2022;24(10):e36671)   doi:10.2196/36671
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Introduction

Background
Untreated hearing loss is a widespread condition [1] that has
repercussions at an individual [2-4] and societal level [1,5,6].
Globally, over the next 10 years, nearly 1.5 billion people can
potentially benefit from having their ear and hearing problems
addressed [7]. The adoption of hearing aids (HAs) has been
shown to have a positive impact on the quality of life of users
[8,9] and mitigate the effect of hearing loss on household income
[4]. However, one of the requisites for the widespread adoption
and use of HAs is user satisfaction [10]. HA users use HAs and
report listening difficulties in different real-life situations,
ranging from face-to-face conversations to coping with
environmental sounds [11]. Therefore, to achieve high user
satisfaction, HAs need to be able to cater to a wide range of
situations. This is confirmed by previous research that found
that one of the main reasons for not owning or not using HAs
is that they do not work well in specific situations, for instance,
when there is background noise [10,12,13], when listening to
speech [14], or when being in a large group of people [15]. HA
users can benefit from certain HA features in specific listening
environments [16]. For instance, noise reduction has been found
to improve noise tolerance [17] and to decrease sustained
listening effort in low signal-to-noise ratio environments [18],
although its impact on speech intelligibility is equivocal
[17,19,20].

Therefore, programmable multimemory HAs have been
introduced, which enable providing the user with multiple
listening programs for specific listening situations. Currently,
41% of HA owners have such programs [21]. Listening
programs set predefined rules for contextually adapting different
audiological parameters such as overall gain, frequency shaping
of the gain, noise reduction, and directionality. Programs can
be manually selected via the HA buttons, a remote control, or
a smartphone app. Users are usually advised to use a program
in a specific listening situation [22]. This is reflected by the
name of the program, which often conveys the situation where
it is meant to be used (eg, Speech in Noise and Music) [22].
Thus, programs are a way for users to contextually adapt the
device settings in specific listening situations and thereby
personalize their listening experience. Therefore, investigating
the use of listening programs potentially enables a deeper
understanding of users’ behavior and needs.

Related Work
To benefit from listening programs, HA users need to be able
to characterize the listening environment adequately and actively
select the appropriate program [22]. Previous research conducted
on 11 experienced HA users has shown that the percentage of
users who selected identical programs in the same situation
(repeatability) surpassed the level corresponding to pure guess
under almost all listening conditions [23]. Higher repeatability
has been found in demanding listening situations [23]. These
results suggest that listening programs can discernibly impact
the listening experience.

Although different listening programs can potentially be
beneficial and discernible for HA users, little is known about

their real-world use. De Graaff et al [22] performed a scoping
review on the use of multimemory devices containing several
listening programs and investigated whether HA users appreciate
and adequately use the option to switch between programs.
Remarkably few studies were found on the use of multiple
programs for various listening environments. Stelmachowicz
et al [24] found that HA users did not tend to select different
settings (in terms of frequency shaping of the gain) across
simulated sound environments, although differences in the
preferred overall gain were sometimes observed. Conversely,
Keidser et al [25] found that 5 out of 27 HA users preferred
different frequency response characteristics in different listening
conditions, mainly in noisy environments. Similarly, Banerjee
[26] found that HA users preferred the default setting most often
and nondefault settings mainly in difficult listening situations.
In addition, several studies found that most HA users switched
between omnidirectional and directional microphone settings
and that microphone preferences depend on the characteristics
of the listening environment [27-30].

These studies suggest that some HA users value and use the
option to switch between listening programs. However, the
existing literature is sparse and dated.

While listening programs investigated in older studies used to
set a constant level for an audiological parameter (eg, higher
constant amount of noise reduction), nowadays listening
programs set dynamic rules for contextually adapting the
parameters (eg, rules that provide earlier and stronger noise
reduction as the user transitions to a complex environment).
However, some questions remain unanswered. First, it is not
clear what motivates an HA user to obtain a multimemory HA
and manually switch between programs and in which listening
situations users particularly seek device personalization. Second,
as highlighted in the aforementioned systematic review, little
is known about the correct use of programs designated for a
specific listening environment [22]. Indeed, establishing the
need for a multimemory device does not guarantee that the user
will immediately notice the benefits of multiple programs. The
failure to match the multimemory HA settings to the
communication and environmental needs of the individual may
lead to delays in fully realizing its benefits [31]. None of the
studies included in the systematic review examined whether a
certain program was used in the correct listening environment
(eg, whether users selected a Speech in Noise program in noisy
environments) during everyday life [22].

Furthermore, most of these studies relied on self-reported
measures collected over a short period. Indeed, they used diaries
or questionnaires in which HA users reported use, preferences,
and details of the listening environments. Whether the
appropriate program is used in each listening environment
cannot be derived from these data [22]. Moreover, most studies
have paid little attention to the continuation of use of the
listening programs after the completion of the study. On the
one hand, participants might use programs during the study
period but stop using them once the study finishes. On the other
hand, they might need to acclimatize to the use of programs,
and their preferences may only be evident after extended use
[32]. In contrast to self-reported measures, data logging enables
investigating the real-world behavior of a larger number of users
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[33]. It allows gathering objective data about program use and
objective contextual data. Moreover, it enables assessing
program use with a greater temporal resolution and
longitudinally making it possible to investigate detailed patterns
of use, explore the long-term user behavior, and account for the
acclimatization phase [34]. Investigating the use of listening
programs by using objective data logging could unveil insights
into how users select different listening programs under natural
conditions, thereby paving the way for more personalized
hearing care solutions.

Research Objective
We aimed to investigate the provision and context of use of
multimemory HAs by leveraging objective data logged by
smartphone-connected HAs from in-market users across several
countries. First, we investigated the provision of multiple
listening programs for various listening environments. Namely,
we examined how many and which programs HA users have
and use and whether some programs are commonly provided
together. Second, we explored whether HA users use specific
programs in distinct listening situations and whether such
situations reflect the listening intent conveyed by the name of
the program. We did so by focusing on users who repeatedly
use specific programs and investigating the sound environment
in which such programs are selected.

Methods

Participants and Apparatus
This study used data from a large-scale internal (Oticon A/S)
database, which stores logs of HA use of HA owners who have
signed up for the HearingFitness feature [35] via the Oticon ON
smartphone app. The participants were the owners of Oticon
Opn HAs who used the HearingFitness feature between June
and September 2020. In the sign-up process, the participants
actively gave their consent for data to be collected, stored, and
used for research purposes on aggregated levels. No personal
identifiers were collected.

Ethics Approval
No additional ethics approval was necessary for this study
according to the Danish National Scientific Ethical Committee
[36].

Data and Data Analysis
Using the fitting software, the hearing care professional can
provide an HA user with up to 4 listening programs (ie, one for
each of the 4 memory slots available in the HAs), by selecting
from a list of predefined listening programs, by fine-tuning and
renaming predefined listening programs, or by freely creating
new ones. The hearing care professional can decide on both the
quantity and the order of the provided listening programs by
assigning a specific program to the preferred memory slot. In
addition, when the user uses some accessories (eg, television
adapter and remote microphone), the HA adds special programs
on top of the 4 available memory slots.

When the HAs are connected to the smartphone, the
HearingFitness feature logs time-stamped data about the
interactions with the HAs, such as the selection of specific

listening programs. To account for different phrasing or different
languages adopted by hearing care professionals when naming
the programs, similar program names were coded in fewer
categories. Moreover, when the HAs were connected to the
smartphone, time-stamped continuous data about the sound
environment were collected every 10 minutes, and every time
a listening program was selected by the user. Such data represent
acoustic characteristics of the momentary sound waves sensed
by calibrated HA microphones at ear level. Namely, the sound
pressure level (SPL), the noise floor (NF), and the sound
modulation level (SML) in decibels were measured across a
broad frequency band (0.1-10 kHz) [37].

The SPL is the level output estimate from a low-pass infinite
impulse response filter with a time constant of 63 milliseconds
[38]. The SPL is the most used indicator of the sound wave
strength and correlates well with the human perception of
loudness [39]. A bottom tracker (peak detector) of the SPL is
implemented with a slow dynamic attack time of 1 to 5 seconds
and a fast release time of 30 milliseconds. A top tracker (valley
detector) is implemented with the reverse [38]. The NF is the
level of background noise in a signal and is estimated based on
the bottom tracker of the SPL. The SML is derived as the
difference between a top and bottom tracker of the SPL [38].
The SML describes how much the modulated variable (eg,
speech) of the signal varies around its unmodulated level and
can be viewed as an estimator of the temporal signal-to-noise
ratio without having to separate the signal and noise.

Provision of Listening Programs
The provision of listening programs was investigated by
including users who have usage information for at least 20 hours
and analyzing, for each user, the programs that have been
selected at least once in the 4-month period. The 20-hour
threshold was adopted to ensure that the program provision was
evaluated for users logging sufficient data while still including
as many users as possible.

We explored the provision of listening programs by computing
the number of programs provided per user and by analyzing the
name and usage of the most frequently provided programs.
Furthermore, we investigated the relationships between
programs by determining the association rules [40] using the
Apriori algorithm [41]. Such an algorithm enables exploring
how 2 or more listening programs are related to one another by
analyzing the programs that are frequently provided together.
Given a set of n programs P={p1,p2,…,pn} and a set of users
U={u1,u2,…,um}, where each user is provided with a subset of
the programs in P, a rule is defined as an implication of the form
X⇒Y, where X is the antecedent, Y is the consequent, X,Y⊆P,
and X∩Y=∅ [41]. In determining the association rules, the
default program (ie, General) was excluded. Indeed, the default
program is available (chosen or prescribed) for nearly all users
and including it in the association rules would not be of interest.
Instead, the association rules related to the 5 most frequent
additional listening programs were inspected. The rules were
evaluated based on several metrics, including support, coverage,
confidence, and lift [41]. The support of a rule defines how
often the rule appears in the data set. The coverage refers to
how often the antecedent of a rule appears in the data set and
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measures how often the rule can be applied [42]. The confidence
of a rule is defined as conf(X⇒Y)=support(X∪Y)/support(X)
and can be interpreted as an estimate of the probability P(Y|X)
[41], measuring how often a rule is correct out of the applicable
cases. A potential issue with confidence is that an association
rule having a very frequent consequent will always have high
confidence. The lift addresses this concern by considering how
frequent the items are in the data set. The lift of a rule is defined
as lift(X⇒Y)=support(X∪Y)/(support(X)support(Y)) and can
be interpreted as the deviation of the support of the whole rule
from the support expected if the antecedent and the consequent
were independent [41]. Finally, the likelihood of a program
being provided to users with 1, 2, 3, or 4 programs was
investigated. The data manipulation was performed in Python
(Python Software Foundation). The association rule mining was
performed in R (R Foundation for Statistical Computing) by
using the arules package [43].

Use of Listening Programs Versus Sound Environment
Contextual program use was evaluated by analyzing the sound
environment (SPL, NF, and SML) during program selection.
For each logged selection of a specific listening program, the
sound environment measured in a 10-minute time window
centered on the program selection was considered (ie, 5 minutes
preceding and 5 minutes following the selection). For each
program, only users with at least 5 selections were included.
Such a threshold was chosen to ensure that users’ behavior was
inferred from a representative sample of program selections
while, at the same time, not discarding too many users.
Moreover, based on the analysis described in the Provision of
Listening Programs section, only a relevant subset of the
listening programs was included.

For visualization purposes, the sound environments occurring
during repeated selections of a specific program by the same
user were averaged. We visually compared the distribution of
users by their average sound environments occurring when
selecting a specific listening program versus their average sound
environments occurring when selecting the default program (ie,
General).

Owing to the unbalanced nature of the data (unequal samples
per participant, hour, etc), associations between program
selections and sound environment were analyzed by using linear
mixed effect (LME) models, as recommended by Oleson et al
[44]. Specifically, SPL, NF, and SML were treated as dependent
variables in 3 separate random intercept models defined as the
following:

Yijk = β0+β1PROGRAMijk+u0j+v0k+eijk,

i=1,…,I, j=1,…,J,k=1,…,K (1)

where i indexes all observations (I=332,271 program selections),
j indexes the participants (J=1312), k indexes the time of the
day (K=24), and Y is the sound environment (average SPL, NF,
and SML in 3 separate models) occurred in a 10-minute time
window centered on program selection. The selected listening

program (PROGRAM) was treated as fixed effect, while and

are the random intercepts, respectively for the j-th participant
and k-th time of day (in hours).

In addition, to account for differences in participant behavior,
we fitted the data with 3 random intercept and slope models
defined as the following:

Yijk=β0+β1PROGRAMijk+u0j+v0k+u1jPROGRAMijk+eijk,
i=1,…,I, j=1,…,J,k=1,…,K (2)

where compared with the simpler model (equation 1), the only

additional term is u1jPROGRAMijk, where is the random
slope varying across participants for the program effect. These
relatively more complex models (equation 2) were compared
with simpler models (equation 1) by conducting likelihood ratio
tests.

Furthermore, we investigated whether the sound environment
changed before or after the program selection by analyzing the
sound environment measured in the 5 minutes preceding each
program selection and the 5 minutes following it. The difference
in sound environment before and after program selection was
assessed by 3 separate LME models defined as the following:

Y i jk=β0+β1PROGRAM i jk+β2TIMEWINDOW i jk

+β3PROGRAMijk×TIMEWINDOWijk+u0j+v0k+eijk,
i=1,…,I, j=1,…,J,k=1,…,K (3)

where i indexes all observations (I=273,687 program selections),
j indexes the participants (J=825), k indexes the time of the day
(K=24), and Y is the sound environment (average SPL, NF, and
SML in 3 separate models). The selected listening program
(PROGRAM) and the time window (TIMEWINDOW, ie, 5
minutes before or 5 minutes after) were treated as fixed effect.
The interaction between PROGRAM and TIMEWINDOW was
introduced to test whether the difference in sound environment
levels before and after program selection depends on which

program is selected. Finally, and are the random
intercepts, respectively, for the j-th participant and k-th time of
day (in hours). By conducting likelihood ratio tests, these models
were compared with simpler models excluding PROGRAM.
Moreover, by conducting post hoc ANOVA tests, the
significance of the variables included in equation 3 was tested.
Finally, pairwise comparison (ANOVA) tests were performed
on the estimated marginal means from the interaction model to
test the difference in the sound environment before and after
selection of each listening program.

The data manipulation and visualization were performed in
Python using the NumPy [45], Pandas [46], Seaborn [47], and
Scipy [48] libraries. The data analysis was performed in R using
base functions, and the lmerTest (version 3.13 [49]) and
emmeans (version 1.74-1 [50]) packages were used to apply
LME modeling.

Results

Provision of Listening Programs
The data processing described in the Methods section resulted
in a total of 32,336 users and 67,996 programs provided. On
average, the sampled users had a connected HA use of 5.88
hours per day. However, when only considering days with at
least 1 hour of connected HA use, the average connected HA
use amounted to 8.81 hours per day.
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Among the HA users, 57.71% (18,663/32,336) had >1 listening
program (Figure 1). Almost every user (31,871/32,336, 98.56%)
had the default program, General (Figure 1). This means that
more than half of the users have at least one program for specific
listening situations in addition to the default program.
Furthermore, 25.8% (8344/32,336), 12.98% (4199/32,336), and
10.26% (3319/32,336) of the users had a Speech in Noise, Music,
and Comfort program, respectively. The names of these
programs convey a specific listening intent. In addition, 18.13%
(5862/32,336) and 11.67% (3773/32,336) of the users had a TV
and Remote Mic program, respectively. These programs are
related to the use of an accessory, such as a television adapter
and a remote microphone.

In addition to the provision of programs, their use was
investigated by computing the percentage of time spent in each
program for users with that program and at least another
program. General was the most used program, accounting on
average for 78% of the HA use time. Speech in Noise, Music,
and Comfort, respectively, accounted for 13%, 7%, and 15%
of HA use time. TV and Remote Mic accounted for 20% and
2% of HA use time, respectively.

Investigating the association rules with support ≥0.02 and
confidence >0.5 (Figure 2) enables exploring the relationships
between programs. In this analysis, General was not considered
as it is uniformly provided and is not an additional listening

program. The detailed metrics of the selected rules are presented
in Table 1. Speech in Noise was not only the most common
additional listening program but also a primary program that
users get when also getting secondary programs. Indeed, Speech
in Noise was the consequent of all selected rules, while either
Comfort or Music was always in the antecedent set. As shown
by the confidence metric in Table 1, 62.2% (2612/4199) and
71.01% (2357/3319) of the users who had either Music (rule 1)
or Comfort (rule 2), respectively, also had Speech in Noise.
Similarly, 78.76% (801/1017) of the users who had both Music
and Comfort (rule 3) also had Speech in Noise. For these rules,
the lift is >1, indicating that users are more likely to have Speech
in Noise when they also have Music or Comfort. In contrast,
although TV was a frequently provided program, users who had
such programs were not more likely to have other listening
programs.

Figure 3 confirms some of the previous findings. Almost all
users have the General program regardless of the number of
additional programs. Among the users that have 2 programs,
Speech in Noise, TV, and, to a lesser extent, Remote Mic are
more likely to be available than Music and Comfort. For users
with 3 or 4 programs, the likelihood of having the primary
program Speech in Noise grows linearly, the likelihood of having
TV or Remote Mic remains relatively constant, and the likelihood
of having secondary programs Music and Comfort increases.

Figure 1. Left, the number of listening programs available for each user is displayed. Right, the provision and usage of the 6 most frequently provided
programs are presented. The percentage of users provided with each of the 6 programs (dark blue bars) and the percentage of usage time spent with the
programs (light blue bars) are shown. The percentage of usage time spent with each program is computed for the users having that program and at least
another program.
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Figure 2. Association rules with support ≥0.02, confidence >0.5, and lift >1 (see the Provision of Listening Programs section). The support of each
rule is indicated by the area of the circle, while the confidence is conveyed by the color intensity. Speech in Noise is the consequent of all rules, suggesting
that it is a primary program, frequently provided when secondary programs such as Comfort and Music are also provided.

Table 1. Association rules with support ≥0.02, confidence >0.5, and lift >1.

CountLiftConfidenceCoverageSupportConsequentAntecedentRule

26121.350.620.230.14Speech in NoiseMusic1

23571.540.710.180.13Speech in NoiseComfort2

8011.710.790.060.04Speech in NoiseComfort and Music3

4761.210.560.050.03Speech in NoiseMusic and TVa4

4011.430.660.030.02Speech in NoiseMusic and Remote Mic5

3771.450.670.030.02Speech in NoiseComfort and TV6

aTV: television.

Figure 3. Likelihood of specific listening programs being provided to users with 1, 2, 3, or 4 programs.
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Use of Listening Programs Versus Sound Environment
Since the findings presented in the Provision of Listening
Programs section, we investigated the sound environments in
which a relevant subset of the listening programs was used. We
focused on programs that convey a specific listening intent,
whether they are primary (Speech in Noise) or secondary
(Comfort and Music). These 3 programs are meant to be used
in specific listening situations and are not related to the use of
an accessory. The data processing described in the Methods
section resulted in a total of 332,271 program selections from
1312 users.

First, we analyzed whether the primary program (Speech in
Noise) was selected in different listening situations compared
with the default program (General). The upper graphs in Figure
4 display the distribution of users by their average sound
environment respectively when selecting Speech in Noise and
General. Users selected Speech in Noise in louder (higher SPL),
noisier (higher NF), and less-modulated (lower SML) sound
environments. Indeed, on average, users selected Speech in
Noise at 55.1 (SD 7.4) dB SPL, 46.9 (SD 7.0) dB NF, and 17.1
(SD 4.9) dB SML, while they selected General at 53.0 (SD 5.6)
dB SPL, 44.5 (SD 5.2) dB NF, and 18.2 (SD 3.5) dB SML. The
likelihood ratio tests documented that the more complex LME
models (equation 2, ie, random intercept and slope for each
participant) fit the data significantly better than the simpler
model (equation 1) with only a random intercept for each

participant (SPL: χ2
10=3103.7, P<.001; NF: χ2

10=4308.7,

P<.001; MI: χ2
10=1806.6, P<.001). The more complex model

(equation 2) was fitted by setting the General program as the
baseline condition. The coefficients of the more complex LME
models (Figure 5) confirmed that Speech in Noise and General
were selected in different sound environments in terms of SPL,
NF, and SML (all P<.001). The coefficients also indicate that
the scale of the difference ranges from around 0.09 to 0.19 SDs
(z-score); that is, 9% to 19% of the overall SD. Moreover,
inspecting individual users, the lower graphs in Figure 4
corroborate the LME outcomes and show that most of the users
(614/963, 64%; 633/963, 66%; and 593/963, 62%, respectively)
selected Speech in Noise in environments characterized by
higher SPL, higher NF, and lower SML.

Second, we analyzed whether the secondary programs (Comfort
and Music) were selected in specific listening situations. As
shown in Figure 5, users selected both the programs in louder,
noisier, and less-modulated (coefficients of LME models, all

P<.01) sound environments compared with the sound
environment in which they selected General. Subsequently,
equation 2 was refitted by changing the contrast so that the
Speech in Noise program represented the baseline condition.
This made it possible to compare whether Comfort and Music
were selected in different listening situations compared with
Speech in Noise. Comfort was selected in less-loud (β=–0.029,
SE 0.012, P=.014) and less-modulated (β=–0.031, SE 0.0125,
P=.013) environments, whereas Music was selected in less-loud
(β=–0.083, SE 0.011, P<.001) and less-noisy (β=–0.086, SE
0.0103, P<.001) environments.

Finally, we investigated the extent to which the sound
environment changed from before to after the program selection.
Figure 6 shows, for a time window near the program selection,
the 5-minute running average of the difference between the
sound environment when selecting a program and when
selecting General. For all 3 programs (Speech in Noise, Comfort,
and Music) and all 3 sound environment features (SPL, NF, and
SML), a difference from General was observed throughout the
whole 10-minute time window. In addition, the sound
environment difference appeared to increase after program
selection.

The likelihood ratio tests (SPL: χ2
6=711.0, P<.001; NF:

χ2
6=1597.4, P<.001; and SML: χ2

6=749.2, P<.001) showed
that the more complex models (equation 3, including
PROGRAM, TIMEWINDOW, and PROGRAM×TIME
WINDOW) fit the data significantly better than the simpler
model (only including TIMEWINDOW).

Moreover, post hoc ANOVA tests revealed that the interaction
between PROGRAM and TIMEWINDOW was significant for
all 3 sound environment features (all P<.001). This suggests
that the difference in sound environment before and after
program selection depends on the specific program. The
marginal effects predicted by the interaction term
PROGRAM×TIMEWINDOW are shown in Figure 7. Pairwise
comparisons (Before and After) confirmed that the sound
environment gets quieter, less noisy, and more modulated (all
P<.01) in the time window after the selection of General
(compared with the time window before the selection). In
contrast, the sound environment became louder, noisier, and
less modulated (all P<.05) after the selection of Speech in Noise
(compared with before the selection); noisier and less modulated
(both P<.001) after the selection of Comfort; and louder and
noisier (both P<.05) after the selection of Music.
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Figure 4. Analysis of the sound environment (sound pressure level [SPL], noise floor [NF], and sound modulation level [SML]) in which Speech in
Noise and General are selected. Compared with General, users select Speech in Noise in louder, noisier, and less-modulated environments. In the upper
figures, distribution of users (using histograms and kernel density estimation) by their average sound environment when selecting General and Speech
in Noise. In the lower figures, 2D histograms displaying, for each user, the sound environment when selecting Speech in Noise (y-axis) and General
(x-axis). The color of the hexagon is determined by the number of users in the hexagon. The identity line (y=x) is drawn in gray. If a user experiences
the same sound environment when selecting Speech in Noise and General, the corresponding hexagon falls exactly on the identity line.

Figure 5. Coefficients and 95% CIs for predicting sound pressure level (SPL), noise floor (NF), and sound modulation level (SML) based on the
selected listening program (random intercept and slope model). The baseline condition is the General program, so the coefficients quantify the difference
in standard score between the sound environment when selecting Speech in Noise, Comfort, or Music, and the sound environment when selecting
General, computed in a 10-minute interval centered on the program selection. Note that 3 separate models were fitted for predicting the 3 sound
environment variables (SPL, NF, and SML). **P<.01; ***P<.001.
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Figure 6. The 5-minute running average (SE) of the sound environment difference from General, computed in a time window near the program selection
(ie, the solid gray line represents the sound environment when the General program was selected). The difference deviates from 0 throughout the whole
time window. However, especially for NF and SML, the difference increases after program selection. SPL: sound pressure level; NF: noise floor; SML:
sound modulation level.

Figure 7. Predicted values of sound pressure level (SPL), noise floor (NF), and sound modulation level (SML) by selected PROGRAM (ie, General,
Speech in Noise, Comfort, and Music) and TIMEWINDOW (before, ie, the 5-minute time window before program selection; after, ie, the 5-minute time
window after program selection). Error bars represent the 95% CIs.

Discussion

Principal Findings
This study investigated the provision and context of use of HA
listening programs by analyzing real-world data logged through
smartphone-connected HAs.

Most HA users in our sample (18,663/32,336, 57.71%) were
found to have listening programs for specific listening situations
in addition to the General default program. According to a
previous study analyzing self-reported data, 41% of HA owners
have a program button or switch to change the HA response for
different listening environments [21]. The inclusion criteria (ie,
users of the HearingFitness feature via a smartphone app) and
the data collection method (ie, objective data logging) of our
study could explain the higher prevalence of listening programs.
Among users having access to the default program and to at
least one additional program, the default program was used 78%
of the time. This is consistent with a previous study that
estimated the default setting to be suitable 75%-85% of the time
[26].

In addition to the default program, Speech in Noise was the
most commonly provided program. By association rule mining,
Speech in Noise was also found to be a primary additional
program that users tend to get when also getting other secondary
programs, such as Comfort and Music; that is, it rarely occurs

that users are provided with Comfort and Music but not with
Speech in Noise. This suggests that when users either request
or are recommended additional listening programs for specific
listening situations, Speech in Noise is provided as the primary
step. This finding is consistent with previous studies reporting
that HA users most frequently struggle when there is background
noise [10,12,13] or when they are in a large group of people
[15], and consequently, they are least likely to be satisfied with
their hearing when following conversations in noise and in large
groups [21]. Comfort and Music resulted to be secondary
programs, frequently provided in combination with Speech in
Noise and more likely to be provided to users having 3 or 4
programs. Similar to Speech in Noise, these programs signal
the interest in personalizing the listening experience in a specific
listening situation; that is, when it is noisy but there is no need
to communicate and when listening to music. Although these
situations are not as prevalent as communicating in noise, users
highly motivated to personalize their experience can still benefit
from adopting specific listening programs for these situations.
The prevalence of the Music program is consistent with previous
studies finding that between 30% and 67% of HA users may
encounter difficulties with listening to music [51,52] and
indicating that the enjoyment of listening to music with HAs
could be improved by addressing problems such as distortion,
acoustic feedback, insufficient or excessive gain, unbalanced
frequency response, and reduced tone quality [52,53]. A
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listening program dedicated to music has previously been
proposed to make music more enjoyable [54].

Despite being common programs, TV and Remote Mic were
provided differently than the other programs. They were
frequently provided to users having only 2 programs (including
General), but they were not frequently provided in connection
with other additional programs, and their prevalence did not
increase among users having >2 programs. This might be
explained by the fact that such programs are related to the use
of a television adapter (ie, a device that enables streaming the
television sound to the HAs) or a remote microphone. Therefore,
such programs show an interest in using the accessory more
than in contextually adapting the HA settings through a listening
program. The TV program was the most used program (20% of
the time) besides the default program. In contrast, the Remote
Mic program was only used 2% of the time. These findings
suggest that the television adapter is extensively used by its
owners, while the remote microphone is used in isolated
occasions. In addition, it should be noted that selecting the TV
program can actively modify the sound environment by either
silencing the television or maintaining a normal level for other
members of the household while reproducing the sound directly
into the HAs. Therefore, TV and Remote Mic were not included
in the sound environment analysis.

Subsequently, we analyzed the sound environment in which
Speech in Noise, Comfort, and Music were selected. First, we
found that, on average, users selected Speech in Noise in louder,
noisier, and less-modulated environments compared with the
environment in which they selected General. This proves that
HA users select the Speech in Noise program in environments
that possess distinct characteristics and that better resembles a
conversation in noise. Second, Comfort was also selected in
louder, noisier, and less-modulated listening environments
compared with General, suggesting that HA users select it when
they want to get relief in noisy environments. Interestingly, HA
users selected Comfort in less-loud and less-modulated
environments than when selecting Speech in Noise, indicating
that Comfort is activated in situations with fewer auditory signals
and likely with the intent of increasing the pleasantness of
nonspecific listening. Third, Music was selected in louder,
noisier, and less-modulated listening environments compared
with General, but in less-loud and less-noisy environments
compared with Speech in Noise. The music playing in the
environment might explain the higher loudness and noise,
although not as extreme as the Speech in Noise scenarios.
Overall, considering that HA users are typically counseled to
use a program in a specific listening situation [22], our findings
suggest that they tend to follow such recommendations in the
real-world use of their HAs. Moreover, the random intercept
and slope model (equation 2) significantly outperformed the
intercept model (equation 1), suggesting that the effect of
program selection on sound environment varies among
participants. Empowering users to personalize their listening
experience by contextually adapting the HA settings can
therefore result in more appropriate settings for some relevant
listening situations.

Finally, we analyzed how the sound environment changes from
a time window preceding a program selection to a time window
following the program selection. For all 3 acoustic predictors,
the sound environment change was different when selecting
Speech in Noise, Comfort, or Music than when selecting
General. Specifically, the sound environment gets louder,
noisier, and less-modulated in the time window following a
selection of Speech in Noise, while a selection of Comfort leads
to nosier and less-modulated environments, and a selection of
Music leads to louder and nosier environments (Figure 7).This
suggests that some users tend to select additional listening
programs in anticipation rather than as a reaction, to a more
complex sound environment, and that the acoustic features can
discriminate between them. In contrast, the sound environment
gets quieter and more modulated after the selection of General.
This indicates that some users tend to select the default program
in anticipation of a less-complex sound environment. This might
indicate that such users are aware of what the contextually most
appropriate program is and proactively select it before entering
a specific listening situation.

Limitations and Future Work
This study investigates the provision and context of use of HA
listening programs by analyzing data logged by HA users who
also use a smartphone app. The tech-savviness and interest in
listening programs of the analyzed sample should be considered
when generalizing the findings from this study. In particular,
older and less–tech-savvy HA users may encounter fewer
complex listening environments and therefore benefit less from
multiple programs [55].

In terms of future work, it would be interesting to investigate
the extent to which the provision of listening programs depends
on HA users requesting a program or on the hearing care
professional recommending it. Indeed, hearing care professionals
traditionally have a great influence on the prescribed hearing
solution, and data about the provision of listening programs
might not only reflect the needs and preferences of HA users
but also reflect the beliefs and knowledge of the professionals.
Moreover, the role of individual predictors for the provision
and use of listening programs deserves further investigation.
Indeed, the benefit from a personalized and contextualized
solution might depend on the degree of hearing loss or additional
data characterizing the individuals such as age, prior experience
with HAs, auditory cognitive capabilities, or suprathreshold
hearing characteristics. Finally, the significant differences found
in the sound environment occurring when using specific
listening programs indicate that the analyzed sound environment
features (SPL, NF, and SML) are promising candidates for
predicting the selection of an additional listening program over
the default program. Complementing such objective sound
environment features with more subjective contextual features
and with an evaluation of the listening experience (eg, via an
ecological momentary assessment) might also enable a deeper
understanding of the provision and use of HA listening
programs.
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Abstract

Background: Home blood pressure telemonitoring (HBPT) is witnessing rapid diffusion worldwide. Contemporary studies
documented mainly short-term (6-12 months) effects of HBPT, and there are limited data about its uptake.

Objective: The aim of this study was to explore the 3-year use and determinants of HBPT, and the interactions with systolic
and diastolic blood pressure (SBP/DBP) and overall blood pressure (BP) control rate.

Methods: HBPT records were obtained from a 3-year cohort of 5658 patients with hypertension in Jieshou, Anhui, China, and
data from a structured household survey of a random sample (n=3005) of the cohort. The data analysis comprised (1) timeline
trajectories of the rates of monthly active HBPT and mean SBP/DBP for overall and subgroups of patients with varied start-month
SBP/DBP; and (2) multivariable linear, logistic, and percentile regression analyses using SBP/DBP, BP control rate, and yearly
times of HBPT as the dependent variable, respectively.

Results: HBPT was followed by mixed changes in mean monthly SBP/DBP for varied patient groups. The magnitude of changes
ranged from –43 to +39 mmHg for SBP and from –27 to +15 mmHg for DBP. The monthly rates of active HBPT all exhibited
a rapid and then gradually slower decline. When controlled for commonly reported confounders, times of HBPT in the last year
were found to have decreasing correlation coefficients for SBP/DBP (from 0.16 to –0.35 and from 0.11 to –0.35, respectively)
and for BP control rate (from 0.53 to –0.62).

Conclusions: HBPT had major and “target-converging” effects on SBP/DBP. The magnitude of changes was much greater than
commonly reported. BP, variation in BP, and time were the most important determinants of HBPT uptake. Age, education,
duration of hypertension, family history, and diagnosis of hypertension complications were also linked to the uptake but at weaker
strength. There is a clear need for differentiated thinking over the application and assessment of HBPT, and for identifying and
correcting/leveraging potential outdated/new opportunities or beliefs.

(J Med Internet Res 2022;24(10):e37648)   doi:10.2196/37648

KEYWORDS

blood pressure; home telemonitoring; effect; influence factors; China

Introduction

Home blood pressure telemonitoring (HBPT) is recommended
in current hypertension management guidelines, and is
witnessing rapid diffusion worldwide [1-3]. Various randomized

controlled trials (RCTs) have documented marginal to moderate
effects of HBPT on blood pressure (BP), ranging from a 3 to 8
mmHg reduction in systolic blood pressure (SBP) and a 1 to 4
mmHg reduction in diastolic blood pressure (DBP) [4-6]. Studies
also reported changes following HBPT in terms of quality of
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life, risk of cardiovascular complications, and costs due to
hypertension-related service use and other outcome measures
[7,8]. These effects are attributed mainly to “BP-guided” use
of professional care and self-management, including
self-titration of and compliance with antihypertensive
medication [9,10].

Given fluctuating BP readings; changing stages (eg, normal BP,
high-normal BP, grades 1 and 2 hypertension) [11] and type of
hypertension (eg, office or “white coat” hypertension, masked
hypertension, isolated systolic hypertension); and the varied
physical, psychological, and socioeconomic conditions of
patients, the actual effects of HBPT may differ greatly from
patient to patient and according to the time of measurement.
However, published studies on HBPT have generally adopted
a “nondifferentiated” approach, focusing primarily on comparing
the effects in the intervention group as a whole with those in
the control group as a whole [12-14]. Although a small number
of RCTs documented BP reductions for specific subgroups such
as patients with inadequate baseline BP control [6,15], little is
known about whether and how the effects and determinants of
HBPT differ across patient groups with a varied level/stage of
BP. Despite indications that the greatest effect of HBPT on BP
control is usually achieved in the first months of the intervention,
this is based on studies with a relatively short duration (less
than 1 year) and its sustainability over the long term remains
to be proven [16-18].

China has witnessed a rapid increase in the use of HBPT over
the past decade. More and more residents are buying and using
various types of HBPT devices. However, there is a general
paucity of data about the effects and determinants of HBPT.
Similar to studies in other countries, the limited publications
on HBPT in China have focused primarily on comparing BP
differences between the intervention and control groups, with
little attention being paid to the determinants and differentiated
effects of HBPT.

To fill this gap, the aim of this study was to use data from a
relatively large-scale (5658 patients with hypertension) and
long-term (up to 40 months) cohort in Jieshou, Anhui, China,
for performing a relatively in-depth analysis of HBPT, with
particular attention placed on comparing its effects and
determinants across patient groups with varied levels of BP. As
an inland county located in the middle and east of China, Jieshou
is representative of the majority of counties in the nation.

Methods

Study Sites and Subjects
The study was built upon two related and ongoing projects. The
first was initiated by Jieshou Hospital, Anhui province, China,
which aimed to improve hypertension management via HBPT.
The project covered all patients diagnosed with hypertension
(N=5658) in all villages (N=48) served by the Jieshou Hospital
Consortium. The HBPT involved an electronic oscillometric
upper-arm BP monitor installed with a voice speaker capable
of automatically stating the resultant measurements and
educational messages to the patient. The monitors were provided
by IFLYTEK Co Ltd, and were confirmed to be easily useable

by ordinary residents. The readings of the HBPT were
synchronously sent to a remote central data center.

The second project is an RCT registered in ISRCTN (10999269).
This project used a cluster randomized sample (n=3005) of the
participants in the above HBPT project to test the efficacy of a
novel personalized hypertension management package [19].

By the time this study was carried out, the HBPT project had
gathered BP readings from the participants for over 40 months
and the RCT had completed the baseline assessment, including
a structured baseline household survey.

Data Content and Collection
This study used the records from the HBPT project described
above and part of the data from the corresponding baseline
household survey. Each HBPT record consisted of four items:
SBP, DBP, pulse per minute, and measurement date and time.
The household survey took place from April to July 2021 via
a structured questionnaire administered face to face. This study
used 24 items from the questionnaire, soliciting information
about: (1) sociodemographic characteristics, including age, sex,
and education; (2) body height and weight; (3) age when
hypertension was first diagnosed; and (4) hypertension-related
symptoms and diagnoses (Multimedia Appendix 1).

Data Processing and Analysis
Data analysis comprised three components: (1) descriptive
statistics (numbers and percentages) of study subjects by
sociodemographic categories, (2) calculation and presentation
(in trajectory lines) of the rates of monthly active HBPT for
overall subjects and for subgroups with varied mean SBP/DBP
in the first month, (3) multivariable linear and percentile
regression modeling of times of HBPT and SBP/DBP in the
last year, and (4) multivariable logistic regression modeling of
BP control rate.

The rate of monthly active HBPT was defined as the proportion
of patients who had performed HBPT at least one time in the
month under concern. The multivariable linear, logistic, and
percentile regression models used similar independent, exposure,
and confounder variables. The dependent variables included
times of HBPT in the past year for overall participants and
subgroups with varied mean SBP/DPB from HBPT in the last
year and the BP control rate in the last year. The exposure
variables consisted of mean SBP/DBP and variations in the
coefficients of SBP/DBP in the last year. The confounder
variables comprised sociodemographics and health conditions.
The monthly mean SBP/DBP of any patient was defined as their
hourly mean SBP/DBP, calculated as the sum of all SBP/DBP
readings recorded within a given hour (eg, 8:00-8:59 AM),
multiplied by the number of records within the same hour. The
BP control rate was computed as the times of BP readings
meeting SBP<140 mmHg and DBP<90 mmHg in the past year
multiplied by the total BP readings during the same period.

The analysis regarding the monthly active HBPT used all
participants enrolled in the HBPT project, whereas the regression
modeling used all of the participants involved in the baseline
survey. The logarithm of times using HBPT in the last year was
used to transform the variable into a normal distribution.
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Detailed value assignment is shown in Multimedia Appendix
1. All quantitative and ordinal variables were standardized using
Z-scores before the multivariable regression modeling.

Ethics Approval
This study has been approved by Anhui Medical University
Biomedical Ethics Committee (number 20200936) and all the
participants have signed (for those who are literate) or ticked
(for those who are illiterate) the consent form.

Results

Sociodemographics of Study Participants
Of the 3005 participants recruited in the baseline survey, 57%
were women. The average age of the participants was 65.50

years. Their duration of hypertension was 9.50 years on average.
Over half of the respondents had a family history of
hypertension (Table 1). Although detailed data about BMI and
hypertension-related symptoms and diagnoses were not available
for the 5658 participants in the HBPT project, they shared
compatible sociodemographics with the above 3005 survey
participants since the latter were a randomized sample of the
former. High-normal BP formed the bulk type of hypertension
(130≤SBP≤139 mmHg and/or 85≤DBP≤89 mmHg, 43.09%),
followed by Grade 1 hypertension (140≤SBP≤159 mmHg and/or
90≤DBP≤99 mmHg, 32.21%) and normal BP (SBP<130 mmHg
and DBP<85 mmHg, 21.37%).
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Table 1. Sociodemographic and hypertension-related characteristics of participants (N=3005).

Total, n (%)SexVariables

Female, n (%)Male, n (%)

Age (years)

195 (6.49)102 (5.95)93 (7.20)≤50

851 (28.32)506 (29.52)345 (26.72)51-60

904 (30.08)500 (29.17)404 (31.29)61-70

1055 (35.11)606 (35.36)449 (34.78)>70

Education

1271 (42.35)1037 (60.61)234 (18.14)No school education

929 (31.96)518 (30.27)411 (31.86)Primary school

801 (26.69)156 (9.12)645 (50.00)Middle school or higher

BMI

29 (1.00)16 (0.97)13 (1.06)<18.5

697 (24.15)390 (23.58)307 (24.92)1.8.5-23.9

1208 (41.86)698 (42.20)510 (41.40)24-27.9

952 (32.99)550 (33.25)402 (32.63)≥28

Duration of hypertension (years)

885 (29.86)484 (28.69)401 (31.40)≤4

753 (25.40)433 (25.67)320 (25.06)5-8

567 (19.13)315 (18.67)252 (19.73)9-12

759 (25.61)455 (26.97)304 (23.81)>12

Family history of hypertension

1450 (52.84)808 (51.50)642 (54.64)Yes

1294 (47.16)761 (48.50)533 (45.36)No

Number of hypertension-related symptoms

1259 (41.90)589 (34.36)670 (51.90)≤4

550 (18.30)327 (19.08)223 (17.27)5-6

439 (14.61)288 (16.80)151 (11.70)7-8

757 (25.19)510 (29.75)247 (19.13)>8

Number of hypertension-related diagnoses

1182 (39.33)638 (37.22)544 (42.14)0

1056 (35.14)614 (35.82)442 (34.24)1

535 (17.81)312 (18.21)223 (17.27)2

232 (7.72)150 (8.75)82 (6.35)>2

Type of hypertension

507 (21.37)307 (23.15)200 (19.12)Normal BPa, b

1022(43.09)564(42.53)458 (43.79)High-normal BPc

764 (32.21)418 (31.52)346 (33.08)Grade 1 hypertensiond

79 (3.33)37 (2.79)42 (4.01)Grade 2 hypertensione

3005 (100.00)1714 (57.00)1291 (43.00)Total

aBP: blood pressure.
bNormal BP: systolic BP<130 and diastolic BP<85 mmHg.
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cHigh-normal BP: 130≤systolic BP≤139 and/or 85≤diastolic BP≤89 mmHg.
dGrade 1 hypertension: 140≤systolic BP≤159 and/or 90≤diastolic BP≤99 mmHg.
eGrade 2 hypertension: systolic BP≥160 and/or diastolic BP≥100 mmHg.

Trajectories of Monthly Mean BP Among Varied
Cohorts
Figure 1 and Multimedia Appendix 2 demonstrate the changes
in monthly mean SBP/DBP after different time periods (months)
of HBPT among all 5658 participants and for patients with
variable mean SBP/DBP in the first month. Both clusters of
lines representing mean SBP/DBP featured a decreasing and
“converging” trend, starting with a large gap between the highest
and lowest mean SBP/DBP at the beginning and becoming
closer and closer along the X-axis of months after the start of
HBPT. The lines of mean SBP converged around a line just

below 140 mmHg and the mean DBP line, just above 80 mmHg.
The cohort with the highest start-month mean SBP (170+
mmHg) witnessed the greatest decrease in both SBP (from 183
mmHg in month 1 to 140 mmHg in month 35) and DBP (from
106 mmHg in month 1 to 79 mmHg in month 35). Conversely,
the cohort with the lowest start-month mean SBP (110– mmHg)
manifested the greatest increase in SBP (from 102 mmHg in
month 1 to 141 mmHg in month 30) and DBP (from 66 mmHg
in month 1 to 81 mmHg in month 40). The mean SBP/DBP
among the cohort with the middle start-month mean SBP varied
the least. The fastest decrease or increase occurred in the first
5-6 months.

Figure 1. Monthly mean SBP/DBP among cohorts with varied start-month mean SBP. DBP: diastolic blood pressure; M1 through to M40: month 1
through to month 40; SBP: systolic blood pressure.

Rates of Monthly Active HBPT by Varied Start-Month
BP
Figure 2 presents the rates of monthly active HBPT along the
time axis in months. All 5658 participants performed HBPT in
the first month, but then the rates dropped quickly for the next
2 to 4 months. The rates continued to decrease at a slower and
slower pace subsequently. The patients with a start-month mean
SBP of 130-150 mmHg displayed the highest rate of monthly

active HBPT, followed by the 150-170 mmHg and 110-130
mmHg groups. The two extreme cohorts (the 110– and 170+
mmHg groups) were the least active in terms of HBPT. When
patients were grouped according to their start-month mean DBP,
the trajectories of monthly active HBPT rates mimicked the
results shown in Figure 2 with respect to almost all features,
except for narrower gaps between different groups (Multimedia
Appendix 3).
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Figure 2. Monthly rate of active HBPT by cohorts with varied start-month systolic blood pressure. HBPT: home blood pressure telemonitoring; M1
through to M40: month 1 through to month 40.

Multivariable Regression Modeling of SBP and DBP
Table 2 summarizes the statistics of our multivariable linear
and percentile regression models for mean SBP and DBP in the
last year. The linear regression analysis unveiled marginal and
negative relations between the times of HBPT in the last year
to both SBP (B=–0.09, P<.001) and DBP (B=–0.11, P<.001).
In the percentile regression models, times of HBPT were found
to have decreasing correlation coefficients for the two BP
variables, from 0.16 to –0.35 and from 0.11 to –0.35 for SBP

and DBP, respectively. In the percentile modeling, age also
showed significant associations with SBP/DBP for all percentiles
(positive for SBP and negative for DBP), whereas almost no
significant relations were found for education, family history,
and number of hypertension-related symptoms and diagnoses
to both SBP and DBP (all P>.05). Sex was associated with DBP
but not to SBP, whereas the duration of hypertension and BMI
exhibited statistically significant links on apparently more
percentiles for SBP than for DBP.
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Table 2. Multivariable linear and percentile regression modeling of mean systolic blood pressure (SBP) and diastolic blood pressure (DBP).

Percentiles of mean SBP/DBP (%)All patientsVariables

908070605040302010

Systolic blood pressure

(constant)

1.210.730.460.20–0.04–0.26–0.47–0.75–1.14—aCorrelation coefficient

<.001<.001<.001<.001.15<.001<.001<.001<.001.60P value

Age

0.240.210.190.170.160.170.180.200.190.20Correlation coefficient

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

Sex

–0.08–0.07–0.04–0.05–0.06–0.06–0.03–0.02–0.05–0.05Correlation coefficient

.14.06.25.08.06.04.27.61.21.07P value

Education

0.00–0.05–0.05–0.06–0.05–0.05–0.04–0.010.00–0.03Correlation coefficient

.99.16.10.04.07.06.17.76.94.24P value

BMI

0.050.050.040.090.080.100.110.100.140.08Correlation coefficient

.33.12.11<.001.002<.001<.001.001<.001.001P value

Duration of hypertension

0.110.100.100.090.080.080.070.100.120.10Correlation coefficient

.03.003<.001.001.001.002.007.001<.001<.001P value

Family history of hypertension

0.010.000.00–0.02–0.03–0.02–0.02–0.010.060.01Correlation coefficient

.83.94.90.47.23.49.49.72.08.65P value

Number of hypertension-related symptoms

0.030.000.000.01–0.01–0.03–0.06–0.060.01–0.01Correlation coefficient

.59.99.94.74.80.24.02.06.78.60P value

Number of hypertension-related diagnoses

–0.08–0.05–0.04–0.030.000.010.010.000.01–0.02Correlation coefficient

.11.13.18.22.98.81.57.89.67.50P value

Annual measurement times

–0.35–0.27–0.18–0.11–0.040.010.040.100.16–0.09Correlation coefficient

<.001<.001<.001<.001.08.64.10<.001<.001<.001P value

Diastolic blood pressure

(constant)

1.130.740.420.21–0.03–0.22–0.48–0.74–1.16—Correlation coefficient

<.001<.001<.001<.001.18<.001<.001<.001<.001.89P value

Age

–0.23–0.23–0.23–0.24–0.21–0.20–0.21–0.23–0.25–0.23Correlation coefficient

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

Sex

–0.16–0.18–0.13–0.09–0.07–0.09–0.06–0.10–0.10–0.11Correlation coefficient

.002<.001<.001.003.02.002.04.001.02<.001P value
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Percentiles of mean SBP/DBP (%)All patientsVariables

908070605040302010

Education

–0.05–0.06–0.020.000.010.020.01–0.01–0.03–0.02Correlation coefficient

.33.08.57.95.69.51.79.66.48.54P value

BMI

0.040.030.060.020.050.030.060.060.080.04Correlation coefficient

.39.26.02.37.03.20.04.03.02.08P value

Duration of hypertension

0.020.050.030.040.050.030.040.04–0.040.03Correlation coefficient

.63.13.19.12.04.20.12.14.32.17P value

Family history of hypertension

0.01–0.02–0.040.000.000.020.030.020.050.02Correlation coefficient

.80.52.17.90.89.45.25.46.18.49P value

Number of hypertension-related symptoms

0.010.01–0.01–0.01–0.03–0.01–0.030.010.050.00Correlation coefficient

.82.84.81.63.30.70.31.71.18.92P value

Number of hypertension-related diagnoses

–0.01–0.04–0.01–0.02–0.04–0.03–0.020.000.01–0.02Correlation coefficient

.81.21.60.38.09.21.49.92.70.39P value

Annual measurement times

–0.35–0.24–0.17–0.13–0.05–0.04–0.040.010.11–0.11Correlation coefficient

<.001<.001<.001<.001.06.10.16.78.003<.001P value

aNot applicable.

Multivariable Logistic Regression Models of BP
Control Rate
Table 3 provides statistics of nine multivariable logistic
regression models of BP control rate in the last year using
different cut-off values (CVs) in dividing hypertensive patients
into controlled (y=1 if a patient’s BP control rate was greater
than the CV) and uncontrolled (y=0 otherwise) categories. In
terms of trend, times of HBPT displayed a consistent decreasing
trend with BP control rate (correlation coefficient and odds ratio
decreased from 0.53 and 1.7 in Model 1 to –0.62 and 0.54 in

Model 9, respectively), whereas duration of hypertension
presented a general increasing trend with the BP control rate
from Models 1 to 9. The association of BP control rate was
significant in the extreme models (Models 1, 2, 3, 4, 8, and 9)
for times of HBPT, and was significant in the bottom models
for age (Models 1 to 4) and number of hypertension-related
diagnoses (Models 1 to 2), in top models for sex (Models 4 to
9) and BMI (from Models 7 to 9), in middle models for
education (Models 3 to 5), and in all models for the duration of
hypertension.
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Table 3. Multivariable logistic regression modeling of blood pressure control rate.

Model 9
(CV=90%)

Model 8
(CV=80%)

Model 7
(CV=70%)

Model 6
(CV=60%)

Model 5
(CV=50%)

Model 4
(CV=40%)

Model 3
(CV=30%)

Model 2
(CV=20%)

Model 1

(CVb=10%)
Variablesa

(constant)

–2.49–1.63–1.24–0.76–0.35–0.050.270.611.25Bc

0.080.200.290.470.710.951.301.843.50ORd

<.001<.001<.001<.001<.001.30<.001<.001<.001P value

Age

–0.06–0.05–0.040.030.080.120.190.190.17B

0.940.950.961.031.091.131.211.201.19OR

.49.49.50.55.13.02<.001.001.007P value

Sex

0.200.180.190.160.110.140.090.090.12B

1.221.191.211.171.121.151.101.091.13OR

.04.02.005.01.05.01.10.14.08P value

Education

0.120.140.120.090.110.120.110.070.11B

1.131.151.131.091.121.131.121.071.11OR

.22.06.08.14.05.03.05.25.12P value

BMI

–0.17–0.14–0.14–0.09–0.06–0.04-0.010.000.04B

0.840.870.870.920.940.960.991.001.04OR

.05.03.02.10.21.37.85.94.50P value

Duration of hypertension

–0.31–0.21–0.25–0.21–0.16–0.12–0.11–0.13–0.19B

0.730.810.780.810.860.880.890.870.83OR

.003.004<.001<.001.002.01.02.007.001P value

Family history of hypertension

–0.040.000.030.080.05-0.020.010.020.02B

0.961.001.031.091.050.981.011.021.02OR

.61.97.58.11.29.70.81.74.67P value

Number of hypertension-related symptoms

–0.080.01–0.02–0.01–0.02–0.02–0.01–0.020.03B

0.921.010.980.990.980.980.990.981.03OR

.38.92.69.89.69.65.86.68.61P value

Number of hypertension-related diagnoses

0.04–0.06–0.01–0.030.020.100.090.100.15B

1.040.940.990.971.021.101.091.111.16OR

.64.36.88.51.63.05.08.04.01P value

Annual measurement times

–0.62–0.22–0.090.020.030.120.150.240.53B

0.540.800.921.021.031.121.161.271.70OR

<.001<.001.12.75.58.02.002<.001<.001P value
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aThe dependent variable in Models 1 to 9 was assigned 1 if the blood control rate of the patient under concern was greater than the CV or 0 otherwise.
bCV: cut-off value of blood pressure control rate.
cB: correlation coefficient.
dOR: odds ratio.

Multivariable Percentile Regression Analysis of HBPT
Figure 3 displays, in shaded curves, the multivariable percentile
regression coefficients between times of HBPT in the last year
and the independent variables studied. Of all the curves, only
those representing the variation coefficients of SBP (Figure 3k)
and number of hypertension-related diagnoses (Figure 3h)
presented a clear distance from the dashed red line (B=0) along
all of the percentiles, and only the curve representing the mean

SBP overlapped with the red line along the entire percentile
axis (Figure 3i). All of the remaining shaded curves
demonstrated interceptions with the red line for a larger or
smaller part of the percentiles. The variation coefficients of SBP
(Figure 3k) manifested the largest distance from the red line
and exhibited a decreasing trend along the percentiles, whereas
the coefficient of age presented an increasing trend. The main
statistics of the multivariable percentile regression model are
given in Multimedia Appendix 4.

Figure 3. Multivariable percentile regression modeling of factors affecting times of home blood pressure telemonitoring (HBPT). The y-axis represents
the regression coefficient. The x-axis represents quantiles of times of HBPT in the last year. DBP: diastolic blood pressure; SBP: systolic blood pressure.

Discussion

Effects of HBPT on SBP/DBP
Our study unveiled novel and meaningful BP trajectories after
HBPT among hypertensive cohorts with varied mean SBP in
the first month (Figure 1). Instead of simply lowering SBP or
DBP as documented in most previous related studies, HBPT
followed mixed changes in our study depending on the resultant
BP values of the patients under concern. The magnitude of
changes ranged from –43 to +39 mmHg for SBP and from –27
to +15 mmHg for DBP. When controlled for commonly reported
confounder variables such as sex, age, education, duration of
hypertension, BMI, family history of hypertension, and numbers
of hypertension-related symptoms and diagnoses, the
differentiated effects of HBPT on SBP/DBP were still
observable. In the multivariable percentile regression model
(Table 2), times of HBPT showed moderate to strong relations
with both SBP and DBP. In our multivariable logistic regression

models (Table 3), times of HBPT again demonstrated strong
and differentiated associations with BP control rate. These
findings suggest that HBPT played major yet bidirectional or
“target-converging” roles. Interestingly, the “target” here was
the widely validated and accepted defining values of
hypertension control (ie, SBP below 140 and/or DBP under 90
mmHg [11,20]). When the monitored SBP/DBP was higher
than the target, HBPT may have urged the patients to take
actions to reduce their BP through self-titrating antihypertensive
medication; consulting their doctors for initiating or intensifying
antihypertensive treatment; and practicing more rigorous
lifestyle changes that have been shown to reduce hypertension,
including weight loss, dietary approaches, and physical activity
[21-24]. For patients with lower than the target BP, HBPT may
have informed them to consult their doctors for milder treatment
agents or doses, or to perhaps reduce further self-management
efforts.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37648 | p.509https://www.jmir.org/2022/10/e37648
(page number not for citation purposes)

Xue et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Implications of the “target-converging” effect remain to be
carefully examined. It is well-established that “convergence”
downward from above the “target” is beneficial to patients via
various mechanisms, including a lower risk of cerebral
hemorrhage [25,26]. An upward “convergence” from far below
the “target” (eg, SBP<110 mmHg) may also result in better
health outcomes due to, for instance, reduced chances of cerebral
ischemia [27]. However, upward “convergence” from a certain
range below the “target” (eg, SBP from 130 mmHg to 140
mmHg) may be harmful to patients’ health.

Determinants of HBPT
The declining and varied rates of monthly active HBPT for
different cohorts (Figure 2) suggest that SBP/DBP and time
may be the most important factors affecting HBPT. The reasons
why the middle cohort (subgroups with a start-month mean
SBP=130-150 mmHg in Figure 2 or DBP=80-90 mmHg in
Multimedia Appendix 3) exhibited the highest rates of monthly
HBPT may be because their resultant SBP/DBP levels were the
closest to the defining values of hypertension control. The closer
a patient’s BP is to the defining value, the higher their chances
to obtain meaningful feedback (success or failure in
hypertension management) from an HBPT, and thus the greater
the desire to perform the monitoring. Conversely, participants
in the two extreme cohorts may have become either frustrated
with or relieved to perform HBPT.

The decreasing trend over time following start of the HBPT
project may be mainly attributed to increasing familiarity with
the resultant SBP/DBP. In other words, when the patients’ability
to anticipate the results enhanced, their desire or interest in
performing HBPT decreased. This is consistent with our findings
(Figure 3 and Multimedia Appendix 4) that the variation
coefficients of SBP were independently linked to the times of
HBPT.

Our multivariable percentile regression model also identified
independent associations between HBPT and age, education,
duration of hypertension, family history, and diagnosis of
hypertension complications. Perceived risk may be the main
reason underlying these relations. In other words, patients of
older age, with better education, a longer duration of
hypertension, more diagnoses, and family history may perceive
themselves at an elevated risk for developing hypertension
complications and thus become more active in HBPT [28,29].
It is worth noting that all of these correlations were weaker than
those of the values of DBP and variations in SBP in terms of
the magnitude of the correlation coefficient or the duration of
percentiles.

Variations in Relationships
Our study uncovered interesting variations in the relationships
between HBPT and its influencing factors. Times of HBPT
presented negative associations with mean DBP (Figure 3j), but
did not show statistically significant associations with mean
SBP (Figure 3i). This may be explained by a dynamic interaction
between the dependent and independent variables. More
specifically, more frequent HBPT led to greater chances for
identifying elevated BP, which in turn led to greater efforts to
reduce BP and then to greater decreases in BP, and finally to

nonsignificant relations between SBP and HBPT. The same
dynamics could also be in play for DBP but led to negative
associations, since a substantial portion of the patients had
isolated systolic hypertension and their DBP was indirectly
reduced via the interactions between HBPT and SBP. The
variation in SBP (Figure 3k) could not be as easily reduced as
SBP/DBP via the interaction dynamics, and thus showed
consistent strong correlations with HBPT. The nonsignificant
relations between variation in DBP and HBPT (Figure 3l) may
be related to the much smaller value as compared with the
variation in SBP, which thus attracted relatively little attention
from the patients.

Similar variations in correlations were also observed in the
models using SBP/DBP as the dependent variables. For example,
age showed a sustained and positive association with SBP but
a continuous negative link to DBP. These contradictory relations
have been reported in various hypertensive populations,
especially those dominated by relatively older patients with
isolated systolic hypertension [30,31]. In addition, sex was
associated with DBP but not SBP, while BMI and duration of
hypertension showed stronger links with SBP than with DBP.
These findings are also similar with those of previous studies
[32,33]. With regard to the BP control rate, our logistic
regression model suggested that age, sex, and education were
protective factors; BMI and number of hypertension-related
diagnoses were risk factors; and the effects of these factors were
complex, being observable in various parts of the models. The
mechanisms and implications of these phenomena merit further
exploration.

Strengths and Limitations
Our study has both strengths and limitations. This study used
data from a relatively large-scale (5658 patients with
hypertension) and long-term cohort. Relatively in-depth analysis
of the determinants of HBPT was performed, with particular
attention paid to subtle and differential interactions with the
resultant BP outcome. This study thus produced useful
trajectories of monthly mean SBP/DBP and monthly active rates
of HBPT for up to 40 months. Multivariable linear, percentile,
and logistic regression modeling of times of HBPT, mean
SBP/DBP, and BP control rate as the dependent variables,
respectively, enabled cross-checks and comparisons of the
results.

This study also suffers from drawbacks. First, being performed
at home by ordinary residents, the BP values from HBPT are
prone to various influences. Second, the study population was
relatively old (65.50 years on average) and the findings should
be generalized with caution. Third, the study considered only
SBP/DBP as the outcome variables without considering others
(eg, complications, health care burden) and lacked comparison
with patients who had not used HBPT. Fourth, BP readings are
susceptible to diurnal and intraobserver variations, which can
lead to measurement biases, although our use of monthly and
hourly mean SBP/DBP may have helped to reduce these biases
to some extent. Our further research activities in response to
these shortcomings include performing household
surveys/observations to help identify the factors influencing
HBPT readings, extend the HBPT to younger populations, and
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perform further analyses linking HBPT with major adverse
cardiovascular events (eg, apoplexy) and quality of life.

Conclusions
HBPT had major and “target-converging” effects on SBP/DBP.
The “target” was the widely validated and accepted defining
values of hypertension control (ie, SBP below 140 and/or DBP
under 90 mmHg). HBPT was followed by SBP/DBP reductions
or increases for cohorts with a mean BP higher or lower than
the “target,” respectively. The magnitude of changes was a few
times greater than commonly documented. These differentiated
effects remained observable into the third year after initiation
of HBPT. BP, variation in BP, and time were the most important
determinants of HBPT uptake, whereas age, education, duration
of hypertension, family history, and diagnosis of hypertension
complications were also linked to the uptake but at apparently
weaker strength. HBPT displayed stronger associations with
the variation in SBP than in DBP.

There is a clear need for differentiated thinking over the
application and assessment of HBPT. First, the traditional
approach of simply comparing the effects in the intervention

group as a whole with that in the control group is prone to
underestimation of the actual influences of HBPT, since
decreases in a portion of the patients were offset by increases
in others. HBPT leads to BP decrease, stability, or increase
depending on the complex and dynamic context of the patient
under concern. These varied effects may not necessarily all be
beneficial and merit careful scrutiny in the future. This study
thus highlights the need for correcting outdated beliefs or
practices and leveraging new opportunities with the application
of HBPT. Second, the difference in the “white coat” effect
suggests lower than traditional cut-off values of hypertension
control when readings from HBPT were used. In other words,
patients should be better educated about the “white coat” effect
and that they need to exert further efforts to maintain their HBPT
readings slightly below 140/90 mmHg. Third, the varied
responses toward different levels of HBPT readings indicate
selective telemonitoring, group-specific “targets,” or even
personalized interventions. Fourth, relatively less attention paid
to DBP than to SBP implies that additional efforts are needed
to promote balanced awareness among patients. In particular,
patients should be informed that DBP is as important as SBP
and thus merits equal attention in self-monitoring.

 

Acknowledgments
This study is supported by the National Natural Science Foundation of China (grant 72004002). The funding source has not
played any role in the study design, analysis, or in the decision to submit the manuscript for publication.

Authors' Contributions
QX and XZ contributed equally in conceiving this study and drafting this manuscript. RL, XG, and GL implemented the
computational analysis. LZ and QW facilitated project implementation. DW accessed and verified all the data in the study. XS
provided expertise for design of the study and revised and finalized the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Related questions used in the baseline household survey and value assignment.
[DOCX File , 16 KB - jmir_v24i10e37648_app1.docx ]

Multimedia Appendix 2
Monthly mean SBP/DBP among cohorts with varied start-month mean DBP. DBP: diastolic blood pressure; SBP: systolic blood
pressure; M1 through to M40: month 1 through to month 40.
[PNG File , 16 KB - jmir_v24i10e37648_app2.png ]

Multimedia Appendix 3
Monthly rate of active HBPT by cohorts with varied start-month diastolic blood pressure. HBPT: home blood pressure
telemonitoring; M1 through to M40: month 1 through to month 40.
[PNG File , 22 KB - jmir_v24i10e37648_app3.png ]

Multimedia Appendix 4
Multivariable linear and percentile regression coefficients of times of home blood pressure telemonitoring (HBPT) .
[DOCX File , 23 KB - jmir_v24i10e37648_app4.docx ]

References

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37648 | p.511https://www.jmir.org/2022/10/e37648
(page number not for citation purposes)

Xue et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app1.docx&filename=d4edcf17afa7fdbb63de2f136bcb3541.docx
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app1.docx&filename=d4edcf17afa7fdbb63de2f136bcb3541.docx
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app2.png&filename=a837ecd40d7862ff423eade36bb0289d.png
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app2.png&filename=a837ecd40d7862ff423eade36bb0289d.png
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app3.png&filename=d21ab6b41e6fdce4c2da31464993c9b4.png
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app3.png&filename=d21ab6b41e6fdce4c2da31464993c9b4.png
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app4.docx&filename=943f77b2c5dacfa5b209ac69649104d0.docx
https://jmir.org/api/download?alt_name=jmir_v24i10e37648_app4.docx&filename=943f77b2c5dacfa5b209ac69649104d0.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation,
and Management of High Blood Pressure in Adults: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol 2018 May 15;71(19):e127-e248 [FREE Full
text] [doi: 10.1016/j.jacc.2017.11.006] [Medline: 29146535]

2. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 Practice Guidelines for the management
of arterial hypertension of the European Society of Hypertension and the European Society of Cardiology: ESH/ESC Task
Force for the Management of Arterial Hypertension. J Hypertens 2018 Dec;36(12):2284-2309. [doi:
10.1097/HJH.0000000000001961] [Medline: 30379783]

3. Villar R, Sánchez RA, Boggia J, Peñaherrera E, Lopez J, Barroso WS, et al. Recommendations for home blood pressure
monitoring in Latin American countries: A Latin American Society of Hypertension position paper. J Clin Hypertens 2020
Apr;22(4):544-554. [doi: 10.1111/jch.13815] [Medline: 32049425]

4. Omboni S, Gazzola T, Carabelli G, Parati G. Clinical usefulness and cost effectiveness of home blood pressure telemonitoring:
meta-analysis of randomized controlled studies. J Hypertens 2013 Mar;31(3):455-67; discussion 467. [doi:
10.1097/HJH.0b013e32835ca8dd] [Medline: 23299557]

5. Omboni S, Guarda A. Impact of home blood pressure telemonitoring and blood pressure control: a meta-analysis of
randomized controlled studies. Am J Hypertens 2011 Sep;24(9):989-998. [doi: 10.1038/ajh.2011.100] [Medline: 21654858]

6. Duan Y, Xie Z, Dong F, Wu Z, Lin Z, Sun N, et al. Effectiveness of home blood pressure telemonitoring: a systematic
review and meta-analysis of randomised controlled studies. J Hum Hypertens 2017 Jul;31(7):427-437. [doi:
10.1038/jhh.2016.99] [Medline: 28332506]

7. Omboni S, Ferrari R. The role of telemedicine in hypertension management: focus on blood pressure telemonitoring. Curr
Hypertens Rep 2015 Apr;17(4):535. [doi: 10.1007/s11906-015-0535-3] [Medline: 25790799]

8. Shimbo D, Artinian NT, Basile JN, Krakoff LR, Margolis KL, Rakotz MK, American Heart Associationthe American
Medical Association. Self-measured blood pressure monitoring at home: a Joint Policy Statement from the American Heart
Association and American Medical Association. Circulation 2020 Jul 28;142(4):e42-e63. [doi:
10.1161/CIR.0000000000000803] [Medline: 32567342]

9. McManus RJ, Mant J, Haque MS, Bray EP, Bryan S, Greenfield SM, et al. Effect of self-monitoring and medication
self-titration on systolic blood pressure in hypertensive patients at high risk of cardiovascular disease: the TASMIN-SR
randomized clinical trial. JAMA 2014 Aug 27;312(8):799-808. [doi: 10.1001/jama.2014.10057] [Medline: 25157723]

10. Zullig LL, Melnyk SD, Goldstein K, Shaw RJ, Bosworth HB. The role of home blood pressure telemonitoring in managing
hypertensive populations. Curr Hypertens Rep 2013 Aug;15(4):346-355 [FREE Full text] [doi: 10.1007/s11906-013-0351-6]
[Medline: 23625207]

11. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 International Society of Hypertension
global hypertension practice guidelines. J Hypertens 2020 Jun;38(6):982-1004. [doi: 10.1097/HJH.0000000000002453]
[Medline: 32371787]

12. McManus RJ, Mant J, Bray EP, Holder R, Jones MI, Greenfield S, et al. Telemonitoring and self-management in the control
of hypertension (TASMINH2): a randomised controlled trial. Lancet 2010 Jul 17;376(9736):163-172. [doi:
10.1016/S0140-6736(10)60964-6] [Medline: 20619448]

13. Yi SS, Tabaei BP, Angell SY, Rapin A, Buck MD, Pagano WG, et al. Self-blood pressure monitoring in an urban, ethnically
diverse population: a randomized clinical trial utilizing the electronic health record. Circ Cardiovasc Qual Outcomes 2015
Mar;8(2):138-145 [FREE Full text] [doi: 10.1161/CIRCOUTCOMES.114.000950] [Medline: 25737487]

14. Margolis KL, Asche SE, Bergdall AR, Dehmer SP, Groen SE, Kadrmas HM, et al. Effect of home blood pressure
telemonitoring and pharmacist management on blood pressure control: a cluster randomized clinical trial. JAMA 2013 Jul
03;310(1):46-56 [FREE Full text] [doi: 10.1001/jama.2013.6549] [Medline: 23821088]

15. Lu X, Yang H, Xia X, Lu X, Lin J, Liu F, et al. Interactive mobile health intervention and blood pressure management in
adults. Hypertension 2019 Sep;74(3):697-704. [doi: 10.1161/HYPERTENSIONAHA.119.13273] [Medline: 31327259]

16. Omboni S, Panzeri E, Campolo L. E-Health in hypertension management: an insight into the current and future role of
blood pressure telemonitoring. Curr Hypertens Rep 2020 Jun 06;22(6):42. [doi: 10.1007/s11906-020-01056-y] [Medline:
32506273]

17. Tucker KL, Sheppard JP, Stevens R, Bosworth HB, Bove A, Bray EP, et al. Self-monitoring of blood pressure in hypertension:
a systematic review and individual patient data meta-analysis. PLoS Med 2017 Sep;14(9):e1002389 [FREE Full text] [doi:
10.1371/journal.pmed.1002389] [Medline: 28926573]

18. Verberk WJ, Kessels AGH, Thien T. Telecare is a valuable tool for hypertension management, a systematic review and
meta-analysis. Blood Press Monit 2011 Jun;16(3):149-155. [doi: 10.1097/MBP.0b013e328346e092] [Medline: 21527847]

19. Shen X, Xiao S, Liu R, Tong G, Liu T, Wang D. Personalized hypertension management based on serial assessment and
telemedicine (PHMA): a cluster randomize controlled trial protocol in Anhui, China. BMC Cardiovasc Disord 2021 Mar
12;21(1):135 [FREE Full text] [doi: 10.1186/s12872-021-01943-5] [Medline: 33711941]

20. Cuspidi C, Tadic M, Grassi G, Mancia G. Treatment of hypertension: The ESH/ESC guidelines recommendations. Pharmacol
Res 2018 Feb;128:315-321. [doi: 10.1016/j.phrs.2017.10.003] [Medline: 29080798]

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37648 | p.512https://www.jmir.org/2022/10/e37648
(page number not for citation purposes)

Xue et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(17)41519-1
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(17)41519-1
http://dx.doi.org/10.1016/j.jacc.2017.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29146535&dopt=Abstract
http://dx.doi.org/10.1097/HJH.0000000000001961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30379783&dopt=Abstract
http://dx.doi.org/10.1111/jch.13815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32049425&dopt=Abstract
http://dx.doi.org/10.1097/HJH.0b013e32835ca8dd
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23299557&dopt=Abstract
http://dx.doi.org/10.1038/ajh.2011.100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21654858&dopt=Abstract
http://dx.doi.org/10.1038/jhh.2016.99
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28332506&dopt=Abstract
http://dx.doi.org/10.1007/s11906-015-0535-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25790799&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0000000000000803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32567342&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.10057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25157723&dopt=Abstract
https://europepmc.org/abstract/MED/23625207
http://dx.doi.org/10.1007/s11906-013-0351-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23625207&dopt=Abstract
http://dx.doi.org/10.1097/HJH.0000000000002453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32371787&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)60964-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20619448&dopt=Abstract
https://europepmc.org/abstract/MED/25737487
http://dx.doi.org/10.1161/CIRCOUTCOMES.114.000950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25737487&dopt=Abstract
https://europepmc.org/abstract/MED/23821088
http://dx.doi.org/10.1001/jama.2013.6549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23821088&dopt=Abstract
http://dx.doi.org/10.1161/HYPERTENSIONAHA.119.13273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31327259&dopt=Abstract
http://dx.doi.org/10.1007/s11906-020-01056-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32506273&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002389
http://dx.doi.org/10.1371/journal.pmed.1002389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28926573&dopt=Abstract
http://dx.doi.org/10.1097/MBP.0b013e328346e092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21527847&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-021-01943-5
http://dx.doi.org/10.1186/s12872-021-01943-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33711941&dopt=Abstract
http://dx.doi.org/10.1016/j.phrs.2017.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29080798&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Agarwal R, Bills JE, Hecht TJW, Light RP. Role of home blood pressure monitoring in overcoming therapeutic inertia and
improving hypertension control: a systematic review and meta-analysis. Hypertension 2011 Jan;57(1):29-38. [doi:
10.1161/HYPERTENSIONAHA.110.160911] [Medline: 21115879]

22. Omboni S. Connected health in hypertension management. Front Cardiovasc Med 2019;6:76. [doi: 10.3389/fcvm.2019.00076]
[Medline: 31263703]

23. Mancia G, Parati G. Home blood pressure monitoring: a tool for better hypertension control. Hypertension 2011
Jan;57(1):21-23. [doi: 10.1161/HYPERTENSIONAHA.110.163188] [Medline: 21115877]

24. Fletcher BR, Hartmann-Boyce J, Hinton L, McManus RJ. The effect of self-monitoring of blood pressure on medication
adherence and lifestyle factors: a systematic review and meta-analysis. Am J Hypertens 2015 Oct;28(10):1209-1221. [doi:
10.1093/ajh/hpv008] [Medline: 25725092]

25. Pancorbo O, Rodriguez-Luna D. Blood pressure lowering in acute intracerebral hemorrhage. Aging 2018 Nov
07;10(11):3056-3057 [FREE Full text] [doi: 10.18632/aging.101637] [Medline: 30404950]

26. Anderson CS, Selim MH, Molina CA, Qureshi AI. Intensive blood pressure lowering in intracerebral hemorrhage. Stroke
2017 Jul;48(7):2034-2037 [FREE Full text] [doi: 10.1161/STROKEAHA.117.016185] [Medline: 28626061]

27. Lattanzi S, Silvestrini M. Reader response: Cerebral ischemia and deterioration with lower blood pressure target in
intracerebral hemorrhage. Neurology 2019 Apr 16;92(16):776. [doi: 10.1212/WNL.0000000000007310] [Medline: 30988091]

28. Flynn SJ, Ameling JM, Hill-Briggs F, Wolff JL, Bone LR, Levine DM, et al. Facilitators and barriers to hypertension
self-management in urban African Americans: perspectives of patients and family members. Patient Prefer Adherence
2013;7:741-749. [doi: 10.2147/PPA.S46517] [Medline: 23966772]

29. Konlan KD, Afam-Adjei CJ, Afam-Adjei C, Oware J, Appiah TA, Konlan KD, et al. Practice and sociodemographic factors
influencing self-monitoring of blood pressure in Ghanaians with hypertension. Int J Chronic Dis 2020;2020:6016581. [doi:
10.1155/2020/6016581] [Medline: 32566645]

30. Franklin SS. Systolic blood pressure: it's time to take control. Am J Hypertens 2004 Dec;17(12 Pt 2):49S-54S. [doi:
10.1016/j.amjhyper.2004.08.020] [Medline: 15607435]

31. Satoh M, Metoki H, Asayama K, Murakami T, Inoue R, Tsubota-Utsugi M, et al. Age-related trends in home blood pressure,
home pulse rate, and day-to-day blood pressure and pulse rate variability based on longitudinal cohort data: The Ohasama
Study. J Am Heart Assoc 2019 Aug 06;8(15):e012121 [FREE Full text] [doi: 10.1161/JAHA.119.012121] [Medline:
31333055]

32. Hosseini M, Baikpour M, Yousefifard M, Fayaz M, Koohpayehzadeh J, Ghelichkhani P, et al. Blood pressure percentiles
by age and body mass index for adults. EXCLI J 2015;14:465-477 [FREE Full text] [doi: 10.17179/excli2014-635] [Medline:
26417366]

33. Bernabe-Ortiz A, Carrillo-Larco RM, Miranda JJ. Association between body mass index and blood pressure levels across
socio-demographic groups and geographical settings: analysis of pooled data in Peru. PeerJ 2021;9:e11307. [doi:
10.7717/peerj.11307] [Medline: 33976985]

Abbreviations
BP: blood pressure
CV: cut-off value
DBP: diastolic blood pressure
HBPT: home blood pressure telemonitoring
RCT: randomized controlled trial
SBP: systolic blood pressure

Edited by R Kukafka; submitted 02.03.22; peer-reviewed by R Armstrong Junior, G Wu; comments to author 23.08.22; revised version
received 29.08.22; accepted 16.09.22; published 11.10.22.

Please cite as:
Xue Q, Zhang X, Liu R, Guan X, Li G, Zhao L, Wang Q, Wang D, Shen X
Differentiated Effects and Determinants of Home Blood Pressure Telemonitoring: Three-Year Cohort Study in Jieshou, Anhui, China
J Med Internet Res 2022;24(10):e37648
URL: https://www.jmir.org/2022/10/e37648 
doi:10.2196/37648
PMID:36114000

©Qun Xue, Xuewu Zhang, Rong Liu, Xiaoqin Guan, Guocheng Li, Linhai Zhao, Qian Wang, Debin Wang, Xingrong Shen.
Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 11.10.2022. This is an open-access

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37648 | p.513https://www.jmir.org/2022/10/e37648
(page number not for citation purposes)

Xue et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.160911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21115879&dopt=Abstract
http://dx.doi.org/10.3389/fcvm.2019.00076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31263703&dopt=Abstract
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.163188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21115877&dopt=Abstract
http://dx.doi.org/10.1093/ajh/hpv008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25725092&dopt=Abstract
https://www.aging-us.com/full/10/3056
http://dx.doi.org/10.18632/aging.101637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30404950&dopt=Abstract
https://europepmc.org/abstract/MED/28626061
http://dx.doi.org/10.1161/STROKEAHA.117.016185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28626061&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000007310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30988091&dopt=Abstract
http://dx.doi.org/10.2147/PPA.S46517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23966772&dopt=Abstract
http://dx.doi.org/10.1155/2020/6016581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32566645&dopt=Abstract
http://dx.doi.org/10.1016/j.amjhyper.2004.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15607435&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/JAHA.119.012121?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/JAHA.119.012121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31333055&dopt=Abstract
https://europepmc.org/abstract/MED/26417366
http://dx.doi.org/10.17179/excli2014-635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26417366&dopt=Abstract
http://dx.doi.org/10.7717/peerj.11307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33976985&dopt=Abstract
https://www.jmir.org/2022/10/e37648
http://dx.doi.org/10.2196/37648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36114000&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37648 | p.514https://www.jmir.org/2022/10/e37648
(page number not for citation purposes)

Xue et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

The Preferences of Transgender and Nonbinary People for Virtual
Health Care After the COVID-19 Pandemic in Canada:
Cross-sectional Study

Jose M Navarro1, BSc; Ayden I Scheim1,2, PhD; Greta R Bauer1, MPH, PhD
1Department of Epidemiology and Biostatistics, Schulich School of Medicine & Dentistry, Western University, London, ON, Canada
2Department of Epidemiology and Biostatistics, Dornsife School of Public Health, Drexel University, Philadelphia, PA, United States

Corresponding Author:
Jose M Navarro, BSc
Department of Epidemiology and Biostatistics
Schulich School of Medicine & Dentistry
Western University
Western Centre for Public Health and Family Medicine, 3rd Fl
1465 Richmond Street
London, ON, N6G 2M1
Canada
Phone: 1 647 678 5673
Email: jnavarr9@uwo.ca

Abstract

Background: Virtual health care use has dramatically increased in response to the COVID-19 pandemic, raising the question
of its potential role after the pandemic. For transgender (trans) and nonbinary (TNB) people, virtual care is promising because it
may expand access to appropriate health care providers. However, emerging research indicates potential disparities in virtual
care access related to sociodemographic, health, and social factors. There is a paucity of research on the factors affecting patient
preferences for virtual versus in-person care, particularly in TNB communities.

Objective: This study aimed to identify the sociodemographic, health, and social factors associated with postpandemic virtual
care preferences in TNB communities.

Methods: The 2020 Trans PULSE Canada COVID survey examined the health, social, and economic impacts of the COVID-19
pandemic among 820 TNB participants who previously completed the prepandemic 2019 Trans PULSE Canada survey (n=2783).
Data were weighted to the demographics of the 2019 sample. Chi-square tests were used to compare postpandemic preferences
for virtual versus in-person care across sociodemographic, health, and social characteristics. Participants provided open-text
responses explaining their preferences, which were used to contextualize quantitative findings.

Results: Among 812 participants who indicated whether they would prefer virtual or in-person care after the pandemic, a
weighted 32.7% (n=275) would prefer virtual care and 67.3% (n=537) would prefer in-person care. Preference for in-person over
virtual care was associated with being in the 14-19 (49/56, weighted 85.0%), 50-64 (51/62, weighted 80.0%), and ≥65 (9/10,

weighted 90.7%) age groups (χ2
5=19.0; P=.002). Preference for virtual over in-person care was associated with having a chronic

health condition (125/317, weighted 37.7% versus 150/495, weighted 29.9%; χ2
1=4.7; P=.03) and having probable anxiety

(229/645, weighted 34.7% versus 46/167, weighted 25.7%; χ2
1=4.3; P=.04). Among participants with romantic partners, preferences

varied based on the partner’s level of support for gender identity or expression (χ2
3=13.3; P=.004). Participants with moderately

supportive partners were more likely than participants with very supportive partners to prefer in-person care (36/43, weighted
85.1% versus 275/445, weighted 62.3%). Care preferences did not vary significantly based on the indicators of socioeconomic
status. Open-text responses showed that multiple factors often interacted to influence participant preferences, and that some
factors, such as having a chronic condition, simultaneously led some participants to prefer virtual care and others to prefer in-person
care.

Conclusions: TNB people may have differential interest in virtual care based on factors including age, chronic and mental
health conditions, and gender-unsupportive home environments. Future research examining virtual care preferences would benefit
from mixed methods intersectional approaches across these factors, to explore complexity in the barriers and facilitators of virtual
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care access and quality. These observed differences support flexibility with options to choose between in-person and virtual health
care to meet TNB patients’ specific health needs.

(J Med Internet Res 2022;24(10):e40989)   doi:10.2196/40989

KEYWORDS

virtual care; telemedicine; telehealth; eHealth; transgender; gender identity; COVID-19; gender-affirming care; older adult; mental
health; chronic condition; social support

Introduction

Virtual care, also known as telemedicine or telehealth, has
historically been underused due to concerns about quality of
care, insufficient regulatory frameworks, lack of technological
infrastructure, and its limited inclusion in public health insurance
programs in countries with publicly funded health systems like
Canada [1-3]. In 2020, the COVID-19 pandemic forced health
care institutions to adapt services for remote delivery and drove
Canadian provincial and territorial governments to rapidly
strengthen public health insurance coverage for virtual care
[4-6].

Moving forward from the pandemic, transgender (trans) and
nonbinary (TNB) communities may benefit from increased
access to virtual care [7]. People who are trans have a gender
identity that differs from the sex they were assigned at birth
[8,9]. People who are nonbinary, who may or may not identify
as trans, have gender identities beyond woman or man [9]. TNB
people often struggle to find health care providers who are
clinically and culturally competent to address TNB health issues
[8], and clinics that specialize in gender-affirming care (eg,
hormone therapy) tend to be limited to major urban centers
[7,9]. TNB people also frequently report experiences of stigma
and discrimination while traveling to and accessing health care,
leading to care avoidance and unmet health care needs [8,10].
Virtual care could help address these concerns by allowing TNB
people to access a broader array of both general and
gender-affirming health services and practitioners, regardless
of their place of residence [1,7,11]. Travel costs and lost income
would also be reduced by virtual care delivery [1,7,11,12].
Current gender-affirming virtual care options like
Connect-Clinic [13] in Ontario show promise in this regard, but
they are still limited, with demand far exceeding supply [7].
Moreover, gender-affirming care is only one subset of the health
care needed by TNB patients.

Despite its promise, the adoption of virtual care must be
approached with caution as current research on its benefits and
drawbacks is relatively limited and provides mixed results
[1,3,6,14]. Access to virtual care may be particularly limited
for TNB people who lack a reliable internet connection, lack
safe confidential spaces where they can access virtual care, or
lack the digital literacy needed to effectively use online health
services [11,12,14-17]. Although public funding of virtual care
has expanded in Canada, it is still limited [6]. For instance, at
the time of writing, most jurisdiction codes only cover care
delivered via video call and not via secure text messaging [3],
and some provinces place a cap on the number of virtual
appointments that physicians can bill to public health insurance
[6]. Along with parallel for-profit models of telemedicine, this

limited coverage could translate into socioeconomic disparities
in virtual care access for TNB people [2-4,15].

With the goal of informing postpandemic virtual care practice
and policies, this paper draws on data from a national survey
of TNB people in Canada conducted during the COVID-19
pandemic to examine how preferences indicated for
postpandemic in-person versus virtual care varied based on
sociodemographic, health-related, and social characteristics.
We also drew on qualitative data from open-text fields to
elucidate the reasons for participants’ preferences.

Methods

Participants and Procedures
Administered from September 21 to October 20, 2020, the Trans
PULSE Canada COVID survey collected national data on the
health, economic, and social impacts of the COVID-19
pandemic on TNB people in Canada [18]. Participants were
recruited from a list of 1187 TNB Canadian residents aged ≥14
years (as of 2019) who consented for recontact after completing
the 2019 Trans PULSE Canada survey. Details of the methods
for the 2019 study have been published previously. In brief,
participants were recruited via convenience sampling and
completed the survey on paper, by telephone, or online [19].
Eligible participants for the 2020 COVID survey were contacted
via their preferred communication method among email,
telephone, text, or letter mail and directed to a webpage with
further explanation of the study. Of the 1187 people contacted,
820 (69.1%) completed the 2020 survey. Consent was implied
by survey completion. All questionnaires were self-administered
online in English or French through REDCap [20], although
participants were also offered the option of a mailed
questionnaire and of receiving accessibility supports such as
translation. Survey questions were pretested for clarity, and
participants could skip any question they did not wish to answer.
Participants provided separate (optional) consent for the
publication of quotes from open-text fields. A CAD $20 (US
$15) gift card honorarium was offered to each participant who
completed the 2020 COVID survey.

Ethics Approval
The Research Ethics Boards at Western University, Drexel
University, and Wilfrid Laurier University approved the 2020
Trans PULSE Canada COVID survey (Western University:
project ID 116072; Drexel University: protocol number
2005007801; Wilfrid Laurier University: REB number 6557).
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Measures

Primary Outcome
Virtual care was defined for participants as “health care or
medical advice delivered via phone call, video call, or text
message.” Preference for virtual versus in-person health care
was indicated by the response to the following question: “In
general, would you prefer virtual over in-person care when
COVID-19 is no longer an issue?” Those who responded “yes”
were categorized as preferring virtual care and those who
responded “no” were categorized as preferring in-person care.
Participants were also asked to explain the reasons for their
preference in an open-response text box.

Sociodemographic, Health-Related, and Social Factors
Sociodemographic characteristics included age, gender,
racialization, indigeneity, province or territory, rurality, and
indicators of socioeconomic status (annual income, employment
status, low-income household, and housing stability). Racialized
participants were those who self-identified or were perceived
or treated as people of color in Canada. Those living in a town
or municipality with a population less than 10,000 were
categorized as rural, based on postal code. The definition of a
low-income household was based on Statistics Canada’s
low-income measure [21], and examples of unstable housing
included living in a shelter, motel, or car.

Health-related factors included self-identification as disabled,
chronic conditions, virtual care experiences, mental health
conditions, and gender-affirming care status. Participants were
identified as having a chronic condition if they indicated that
they had chronic pain, a chronic illness, or a chronic health
condition. Participants were asked the following 4 questions
related to virtual care experiences: (1) whether they had accessed
virtual care since March 12, 2020, the start of the COVID-19
pandemic; (2) the type of virtual care received (physical, mental,
or other including gender-affirming care); (3) the platform over
which they received virtual care (phone call, video call, texting,
or other including email); and (4) whether they had avoided
virtual care due to their TNB identity since the start of the
COVID-19 pandemic. Current mental health was assessed using
validated scales. Anxiety symptoms were measured using the
Overall Anxiety Severity and Impairment Scale (OASIS) [22].
Participants responded to 5 items, each with 5 options (coded
0-4 with a possible score range of 0-20), indicating the relative
frequency or intensity of their anxiety symptoms in the past
week. Summed scores of 8 or above indicated probable anxiety
[22]. Depressive symptoms were measured with the 10-item
abridged Center for Epidemiologic Studies Depression Scale
(CES-D-10) [23]. Each item had 4 response options (coded 0-3
with a possible score range of 0-30), with higher summed scores
reflecting a greater frequency of depressive symptomatology.
A cutoff score of 10 or above indicated potential clinical
depression [23]. Participants were also asked the extent to which
they had received or were considering gender-affirming medical

care, which was defined in the survey as including “puberty
blockers, gender-affirming hormones, surgeries, or body
modifications.”

Participants responded to questions assessing their social
environment and relationships, that is, whether they had
experienced intimate partner violence since August 2019, how
supportive their partner(s) and parent(s)/guardian(s) were of
their gender identity or expression, and whether they were
concerned about family stress from confinement and violence
at home during the pandemic.

Analysis
As less than 1% of COVID survey participants (8 of 820) did
not respond to the question on postpandemic preferences for
virtual care, these participants were excluded from the analysis.
Responses to the 2020 COVID survey were weighted to match
the demographic profile of the full 2019 sample on
characteristics like age, ethnoracial background, and
socioeconomic status, using a raking algorithm. Weights were
used in case loss to follow-up between the 2019 and COVID
surveys was nonrandom and to allow for better comparability
between the pre-COVID and COVID samples. Rao-Scott
chi-square tests with α=.05 were performed on weighted data
to compare preferences for virtual versus in-person care after
the pandemic across sociodemographic, health, and social
factors. All quantitative analyses were carried out in SAS 9.4.
software (SAS Institute Inc).

Similar to a sequential explanatory design [24], direct quotations
from participants’open-text responses are included in the results,
with indications of the cited participant’s age, gender, and
province to contextualize quantitative findings. Themes
corresponding to the statistically significant quantitative results
were identified. Open-text responses explaining virtual care
preferences were sorted into these themes.

Results

Virtual Care Preferences and Identified Themes
Of 812 participants, a weighted 32.7% (n=275) said they would
prefer virtual care after the COVID-19 pandemic, while 67.3%
(n=537) would prefer in-person care. Most participants (746/812,
91.9%) provided an explanation for their virtual care preference
in the open-response question. Based on the quantitative findings
that follow, the following broad themes were identified, into
which the open-text responses were sorted: age, disability and
chronic conditions, mental health, social environment, and the
logistics of care access (eg, convenience and technological
literacy). After further examination of open-text responses, we
identified discrimination and stigma as another prominent theme
not present in the quantitative results. Table 1 presents the
unweighted sociodemographic characteristics of the 812
participants included in the analysis.
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Table 1. Sociodemographic characteristics of the analytic sample.

Total sample (N=812), n (%)aCharacteristic

Age (years)

56 (6.9)14-19

147 (18.2)20-24

306 (38.0)25-34

225 (27.9)35-49

62 (7.7)50-64

10 (1.2)≥65

Gender

200 (24.7)Woman or girl

198 (24.4)Man or boy

18 (2.2)Indigenous or cultural gender identity

395 (48.7)Nonbinary or similar

Racialization

108 (13.3)Yes

702 (86.7)No

Indigenous in Canada

59 (7.3)Yes

750 (92.7)No

Immigration status

23 (2.8)Newcomer (past 5 years)

91 (11.2)Immigrant (nonnewcomer)

698 (86.0)Born in Canada

Province of residence

151 (18.6)Alberta

38 (4.7)Atlanticb

176 (21.7)British Columbia

27 (3.3)Manitoba

6 (0.7)Newfoundland and Labrador

305 (37.6)Ontario

81 (10.0)Quebec

26 (3.2)Saskatchewan

1 (0.1)Territoriesc

Rural

47 (5.8)Yes

762 (94.2)No

Personal annual income (CAD$d; age≥16 years)

142 (17.8)None

214 (26.8)<$14,999

160 (20.1)$15,000-$29,999

124 (15.5)$30,000-$49,999

94 (11.8)$50,000-$79,999
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Total sample (N=812), n (%)aCharacteristic

64 (8.0)≥$80,000

Education

44 (5.4)Less than high school

62 (7.6)High school diploma

206 (25.4)Some college or university

354 (43.6)College or university degree

145 (17.9)Graduate/professional degree

Employment situation (age ≥25 years)

220 (37.0)Permanent full-time

206 (34.6)Employed, not permanent full-time

136 (22.9)Not employed or on leave

33 (5.5)Not employed and student or retired

Low-income household(past year; age≥16 years)

310 (41.1)Yes

444 (58.9)No

Housing stability

806 (99.3)Stable

6 (0.7)Unstable

Disability identity

217 (26.7)Yes

595 (73.3)No

aUnweighted frequencies and proportions are reported.
bIncluding New Brunswick, Nova Scotia, and Prince Edward Island.
cIncluding Northwest Territories, Nunavut, and Yukon.
dA currency exchange rate of CAD $1=US $0.75 is applicable.

Sociodemographic Differences

Age was associated with care preferences (χ2
5=19.0; P=.002),

with a larger proportion of participants aged 14-19 years (49/56,
weighted 85.0%), 50-64 years (51/62, weighted 80.0%), and
≥65 years (9/10, weighted 90.7%) preferring in-person care
after the pandemic compared with participants in other age
groups (Table 2). Gender identity was also associated with care

preference (χ2
3=11.2; P=.01), with participants self-identifying

with an Indigenous or culturally specific gender minority
identity being more likely to prefer virtual care than those
identifying as women, men, or nonbinary, although no
significant difference in virtual care preference was observed

by indigenous identity (χ2
1=0.02; P=.90). No significant

associations were identified between care preferences and the
various indicators of socioeconomic status.
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Table 2. Preference for virtual care versus in-person care by sociodemographic characteristics in Trans PULSE Canada COVID survey participants.

P valueaPrefers in-person care (N=537)Prefers virtual care (N=275)Characteristic

95% CIbValue, n (%)b95% CIbValue, n (%)b

.002Age (years)

74.6-95.449 (85.0)4.6-25.47 (15.0)14-19

57.8-74.195 (65.9)25.9-42.252 (34.1)20-24

57.1-68.7192 (62.9)31.3-42.9114 (37.1)25-34

54.4-68.3135 (61.3)31.7-45.690 (38.7)35-49

68.5-91.651 (80.0)8.4-31.511 (20.0)50-64

73.1-100.09 (90.7)0.0-26.91 (9.3)≥65

.01Gender

64.1-77.6139 (70.9)22.4-35.961 (29.1)Woman or girl

67.4-80.4142 (73.9)19.6-32.656 (26.1)Man or boy

20.5-68.78 (44.6)31.3-79.510 (55.4)Indigenous or cultural gender identity

57.8-68.1247 (63.0)31.9-42.2148 (37.0)Nonbinary or similar

.69Racialization

55.8-75.170 (65.5)24.9-44.238 (34.5)Yes

63.8-71.3466 (67.6)28.7-36.2236 (32.4)No

.90Indigenous in Canada

53.7-79.037 (66.4)21.0-46.322 (33.6)Yes

63.6-70.8497 (67.2)29.2-36.4253 (32.8)No

—cProvince of residence

60.8-76.5102 (68.6)23.5-39.249 (31.4)Alberta

61.8-90.129 (75.9)9.9-38.29 (24.1)Atlanticd

52.2-67.7106 (59.9)32.3-47.870 (40.1)British Columbia

56.2-89.718 (72.9)10.3-43.89 (27.1)Manitoba

0.0-61.12 (26.3)38.9-100.04 (73.7)Newfoundland and Labrador

63.5-74.6209 (69.0)25.4-36.596 (31.0)Ontario

58.9-80.053 (69.4)20.0-41.128 (30.6)Quebec

49.8-87.717 (68.8)12.3-50.29 (31.3)Saskatchewan

0.0-0.00 (0.0)100.0-100.01 (100.0)Territoriese

.12Rural

40.9-71.527 (56.2)28.5-59.120 (43.8)Yes

64.4-71.5508 (67.9)28.5-35.6254 (32.1)No

.08Personal annual income (CAD$f; age≥16 years)

56.6-73.792 (65.1)26.3-43.450 (34.9)None

59.3-72.8136 (66.0)27.2-40.778 (34.0)<$14,999

65.8-80.3114 (73.1)19.7-34.246 (26.9)$15,000-$29,999

56.2-74.482 (65.3)25.6-43.842 (34.7)$30,000-$49,999;

43.6-65.152 (54.4)34.9-56.442 (45.6)$50,000-$79,999

64.5-87.148 (75.8)12.9-35.516 (24.2)≥$80,000

.40Employment situation (age ≥25 years)

53.7-67.6133 (60.7)32.4-46.387 (39.3)Permanent full-time
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P valueaPrefers in-person care (N=537)Prefers virtual care (N=275)Characteristic

95% CIbValue, n (%)b95% CIbValue, n (%)b

60.1-74.0137 (67.1)26.0-39.969 (32.9)Employed, not permanent full-time

56.7-74.388 (65.5)25.7-43.348 (34.5)Not employed or on leave

58.4-90.824 (74.6)9.2-41.69 (25.4)Not employed and student or retired

.23Low-income household(past year; age≥16 years)

58.7-70.2196 (64.5)29.8-41.3114 (35.5)Yes

64.3-73.5299 (68.9)26.5-35.7145 (31.1)No

.46Housing stability

63.9-70.9533 (67.4)29.1-36.1273 (32.6)Stable

8.0-95.74 (51.9)4.3-92.02 (48.1)Unstable

aComparing care preferences across sociodemographic characteristics using the Rao-Scott chi-square test.
bProportions are weighted to the sociodemographics of the prepandemic Trans PULSE Canada sample.
cP value was not available owing to small cell sizes.
dIncluding New Brunswick, Nova Scotia, and Prince Edward Island.
eIncluding Northwest Territories, Nunavut, and Yukon.
fA currency exchange rate of CAD $1=US $0.75 is applicable.

Disability and Chronic Conditions
Preference for virtual care was more common in participants
with chronic conditions (125/317, weighted 37.7% versus

150/495, weighted 29.9%; χ2
1=4.7; P=.03) (Table 3). Although

no significant differences in care preferences were found based

on self-identification as disabled (χ2
1=0.43; P=.51), 1 participant

who preferred virtual over in-person care noted:

With COVID, things are going virtual and it is so
helpful. I am more connected now, and people make
more of an effort for virtual visits as well. This is the
kind of access people living with my disability need.
[Nonbinary or similar, aged 25-34 years, living in
Ontario]

At the same time, others cited their chronic health conditions
as a reason to prefer in-person care:

I think virtual visits would be great long term for
things like prescription refills or ordering things that
don't require a physical inspection. But with chronic
health concerns I feel being visually seen in person
for a checkup throughout the year is vital to my
staying healthy and functional. [Man, aged 25-34
years, living in Ontario]

These sentiments echo another common theme in participant
open-text responses—that preferences for virtual versus
in-person care were contingent on the specific type of care being
sought. Numerous participants noted a preference for virtual
care for appointments they deemed as not requiring in-person
treatment (like prescription refills), and a preference for
in-person care when they felt that aspects like physical
examination were necessary.

Open-text responses also showed that the examined
sociodemographic, health-related, and social factors often
interacted to affect virtual care preferences. For instance, 1
participant discussed how their chronic condition exacerbated
geographic barriers to in-person care:

Taking public transit to and from an appointment
when I'm already not feeling well can take a
substantial amount of energy. Having to do this over
and over again for ongoing investigation into my
symptoms takes even more. I desperately need this
energy for basic caretaking of myself… I shouldn't
have to make myself sicker to access health care.
[Nonbinary or similar, aged 25-34 years, living in
Ontario]
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Table 3. Disability and chronic conditions, virtual care experiences, mental health factors, and social environment of Trans PULSE Canada COVID
cohort participants preferring virtual versus in-person care.

P valueaPrefers in-person care (N=537)Prefers virtual care (N=275)Characteristic

95% CIbValue, n (%)b95% CIbValue, n (%)b

.51Disability identity

58.5-72.0139 (65.2)28.0-41.578 (34.8)Yes

63.8-71.9398 (67.9)28.1-36.2197 (32.1)No

.03.Chronic conditions

56.5-68.0192 (62.3)32.0-43.5125 (37.7)Yes

65.8-74.5345 (70.1)25.5-34.2150 (29.9)No

<.001Virtual care access since March 12, 2020

57.0-66.2299 (61.6)33.8-43.0200 (38.4)Yes

70.4-80.7238 (75.5)19.3-29.675 (24.5)No

Type of virtual carec

.4255.6-65.7250 (60.7)34.3-44.4173 (39.3)Physical health care

.5654.2-66.6164 (60.4)33.4-45.8118 (39.6)Mental health care

.229.8-74.65 (42.2)25.4-90.25 (57.8)Other

Virtual care platformc

.6757.1-66.9264 (62.0)33.1-42.9176 (38.0)Phone call

.1451.4-64.6139 (58.0)35.4-48.6113 (42.0)Video call

.4153.5-81.136 (67.3)18.9-46.519 (32.7)Texting/SMS text messaging

—d0.0-0.00 (0.0)100.0-100.01 (100.0)Other

.14Virtual care avoidance because of trans/nonbinary identity since March 12, 2020

51.8-70.376 (61.1)29.7-48.248 (38.9)Yes

64.6-72.1461 (68.4)27.9-35.4227 (31.6)No

.04Anxiety

61.3-69.3416 (65.3)30.7-38.7229 (34.7)Probable anxiety (OASISe ≥8)

67.2-81.4121 (74.3)18.6-32.846 (25.7)No probable anxiety (OASIS <8)

.06Depression

62.0-69.7445 (65.8)30.3-38.0242 (34.2)Probable depression (CES-D-10f ≥10)

66.8-83.092 (74.9)17.0-33.233 (25.1)No probable depression (CES-D-10 <10)

.52Gender-affirming medical care status

65.6-77.2198 (71.4)22.8-34.484 (28.6)Had all needed care

60.6-72.1187 (66.4)27.9-39.4101 (33.6)In the process of completing

50.7-72.654 (61.6)27.4-49.332 (38.4)Planning, but not begun

55.6-78.046 (66.8)22.0-44.427 (33.2)Unsure if going to seek care

53.9-75.352 (64.6)24.7-46.131 (35.4)Not planning

Experienced intimate partner violence (since August 2019)

.1066.1-81.593 (73.8)18.5-33.938 (26.2)Yes

62.3-70.0439 (66.2)30.0-37.7234 (33.8)No

.004Spouse/partner support of gender identity or expressiong

57.4-67.2275 (62.3)32.8-42.6170 (37.7)Very supportive

74.4-95.736 (85.1)4.3-25.67 (14.9)Not very or somewhat supportive
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P valueaPrefers in-person care (N=537)Prefers virtual care (N=275)Characteristic

95% CIbValue, n (%)b95% CIbValue, n (%)b

0.0-63.83 (30.9)36.2-100.05 (69.1)Not at all supportive

41.2-100.02 (80.0)0.0-58.81 (20.0)Does not know about gender identity/expression

.06Parent/guardian support of gender identity or expressiong

64.9-77.0177 (71.0)23.0-35.178 (29.0)Very supportive

60.7-71.3227 (66.0)28.7-39.3122 (34.0)Not very or somewhat supportive

40.6-65.040 (52.8)35.0-59.435 (47.2)Not at all supportive

57.2-79.154 (68.1)20.9-42.827 (31.9)Does not know about gender identity/expression

.09Concerned about family stress from confinement due to COVID-19

58.8-70.4194 (64.6)29.6-41.2111 (35.4)Extremely or very

66.9-78.6192 (72.8)21.4-33.174 (27.2)Somewhat

58.0-71.0150 (64.5)29.0-42.089 (35.5)Not at all

.98Concerned about violence at home during COVID-19

49.3-86.916 (68.1)13.1-50.79 (31.9)Extremely or very

54.9-81.936 (68.4)18.1-45.118 (31.6)Somewhat

63.5-70.8485 (67.1)29.2-36.5248 (32.9)Not at all

aComparing care preferences across experiences with virtual care, mental health factors, and social environment factors using the Rao-Scott chi-square
test.
bProportions are weighted to the sociodemographics of the prepandemic Trans PULSE Canada sample.
cAmong those who received virtual care since March 12, 2020 (n=499).
dP value was not available owing to small cell sizes.
eOASIS: Overall Anxiety Severity and Impairment Scale.
fCES-D-10: 10-item abridged Center for Epidemiologic Studies Depression Scale.
gResults reported only for participants who indicated that these questions were applicable to them.

Virtual Care Experiences
Among participants who accessed virtual care since the
pandemic (n=499, weighted 59.4%), 38.4% (weighted, 200/499)
indicated a preference for virtual care after the pandemic, a
significantly greater proportion than participants who did not

access virtual care (75/313, weighted 24.5%; χ2
1=14.4; P<.001)

(Table 3). Among those who accessed virtual care, postpandemic
preferences did not vary depending on whether they accessed

it for physical (χ2
1=0.66; P=0.42) or mental (χ2

1=0.35; P=0.56)

health care, or whether they received care via phone (χ2
1=0.18;

P=0.67), video call (χ2
1=2.2; P=0.14), or texting (χ2

1=0.68;
P=0.41). Multiple participants mentioned that they received
gender-affirming care, specifically hormone therapy, via virtual
means, and that email was another platform through which they
received care, which was not listed in our survey. Postpandemic
virtual care preferences did not vary based on whether
participants had avoided virtual care during the pandemic due

to their TNB identities (χ2
1=2.2; P=.14).

Mental Health Factors
A majority (n=645, weighted 78.3%) of the sample had probable
anxiety (indicated by OASIS scores≥8), and participants with
probable anxiety were more likely to prefer virtual care after

the pandemic than participants without (229/645, weighted

34.7% versus 46/167, weighted 25.7%; χ2
1=4.3; P=.04) (Table

3). Similarly, 84.3% (weighted, n=687) of the sample had
CES-D-10 scores≥10, indicating clinically significant depressive
symptomatology. A higher proportion of participants reaching
this cutoff preferred virtual care, although this difference only
approached statistical significance (242/687, weighted 34.2%

versus 33/125, weighted 25.1%; χ2
1=3.5; P=.06).

Consistent with our quantitative results, mental health conditions
acted as barriers to accessing in-person treatment for some
participants, with 1 participant saying:

It is sometimes difficult to leave the house or go to
new environments without assistance given [my]
anxiety and mental health issues - having the option
to do virtual [care] makes health care more
accessible. [Nonbinary, aged 20-24 years, living in
British Columbia]

At the same time, mental health concerns had different
implications for care among other participants. One participant
stated the following:

Phone conversations make me anxious, and I will
avoid [them] just because it's going to be a phone
conversation. Video calls are worse than phone calls.
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I feel like a lot of physical health issues need to be
seen or felt, and mental health issues are better
conveyed in person. [Nonbinary, aged 25-34 years,
living in British Columbia]

While not captured in our quantitative results, several
participants also cited gender dysphoria (discomfort arising
when one’s physical characteristics do not align with their
gender identity [6]) as a reason for preferring in-person care.
Some participants explained that they experienced gender
dysphoria while attending appointments via video call because
they had to see themselves on screen. With regard to telephone
appointments, 1 participant expressed the following:

My voice is higher than I would like, so talking over
the phone makes me dysphoric about how the
professional on the other line sees me based on my
voice. [Nonbinary, aged 20-24 years, living in
Saskatchewan]

Social Environment
Most TNB participants with a spouse or romantic partner had
one who was very supportive of their gender identity or
expression (445/499, weighted 89.0%) (Table 3). Spouse or

partner support was associated with care preference (χ2
3=13.3;

P=.004), with participants having moderately supportive partners
being more likely to prefer in-person care than participants
having very supportive partners (36/43, weighted 85.1% versus
275/445, weighted 62.3%). No significant differences depending
on having experienced intimate partner violence were found

(χ2
1=2.7; P=.10).

Participants with very supportive parents or guardians more
frequently indicated a preference for in-person care (177/255,
weighted 71.0%) compared with other participants, although

there were no statistically significant differences (χ2
3=7.5;

P=.06). However, multiple participants, particularly youth,
mentioned that a lack of parental support was a reason to prefer
in-person care. One participant made the following statement:

I live with my transphobic parents and wouldn't feel
comfortable having medical appointments with them
nearby. [Nonbinary, aged 14-19 years, living in
Ontario]

Privacy issues with other family members and roommates were
also cited in open-text responses as reasons to avoid virtual care.

Participants preferring virtual care also attributed their
preference to previously experienced discrimination in health
care settings. One participant explained:

As a trans person, healthcare settings are a place
where I've experienced a lot of abuse and oppression.
My providers now are mostly good, but the setting is
triggering… I don't miss not having to expose myself
to that. [Woman, aged 35-49 years, living in British
Columbia]

In contrast, numerous participants stated that they were more
likely to be misgendered (referred to as the wrong gender [9])
in virtual care settings, justifying a preference for in-person
care. One participant made the following statement:

To be honest, it has been tough being misgendered
constantly in my home over virtual meetings. I'd
prefer in-person care elsewhere, so home becomes a
safer space again, with less misgendering. [Nonbinary
or similar, aged 25-34 years, living in British
Columbia]

Other participants explicitly noted that their TNB identity was
irrelevant to their virtual care preferences.

Discussion

This paper identifies factors that may influence postpandemic
preferences for virtual versus in-person care among TNB people
in Canada. While most participants preferred in-person care,
around 1 in 3 (weighted 32.7%) indicated a postpandemic
preference for virtual care. Lack of access to virtual care during
the pandemic was associated with postpandemic preference for
in-person care, highlighting the importance of identifying and
addressing the challenges that certain populations
disproportionately face while attempting to access telemedicine.
Participants who were aged 14-19 or ≥50 years were more likely
to prefer in-person care over virtual care compared with other
age groups. Other research has shown a lower level of digital
literacy among older adults as a factor contributing to preference
for in-person care [11,15-17]. Given that all participants in this
study completed the survey online and therefore likely had
substantial digital literacy, our finding of a similar age-related
preference suggests that additional factors may be at play.
Consistent with previous findings [16], chronic conditions and
anxiety symptoms were associated with preferring virtual care
over in-person care, suggesting that telemedicine offers a
promising alternative for those whose health conditions prevent
them from safely and comfortably attending in-person
appointments. Older adults, with a higher prevalence of chronic
conditions compared with the general population [25], may
therefore particularly stand to benefit from telemedicine.

Previous research predicted that unsupportive home
environments could compromise the privacy and sense of safety
necessary to access virtual care [11], and our results in general
support this with regard to a lack of support for gender identity
or expression in the home. Having gender-unsupportive romantic
partners was associated with preference for in-person care.
Associations with gender support from parents or guardians
were less clear, which may be because relevance is age
dependent. Privacy issues may in part explain why participants
preferring virtual care were less likely to be adolescents (age
14-19 years), who may have no option but to live with family
or roommates, including those who are unsupportive (or who
do not know). However, we did not measure whether our
participants were actually living with their romantic partners,
or their parents or guardians at the time of participation.
Regardless, these privacy concerns highlight how a move to
virtual care could disadvantage those in unsafe or unsupportive
home environments, especially younger people who may not
have the freedom or financial means to live on their own.

It is important to note that our quantitative results only captured
the overall preferences of the sample, and closer examination
of qualitative results showed heterogeneity. For example, some
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participants reported that anxiety prevented them from accessing
in-person care, whereas others had more anxiety surrounding
virtual care. While this heterogeneity was expected, the broad
operationalizations used for some of our variables may have
obscured salient differences. For instance, participants were
categorized based on identity as disabled, which does not capture
the wide diversity in disability experiences. Accordingly, some
participants with physical disabilities cited barriers to accessing
in-person care, whereas others reported that disabilities like
autism made virtual care less accessible. Similar variability was
found for mental health and other chronic conditions. Future
studies would benefit from examining these conditions with
more nuanced and detailed categorization, for instance, by
distinguishing between the types of disabilities, chronic
conditions, and mental health conditions.

Another limitation of this study was that, because the survey
focused broadly on the COVID-19 experiences of TNB people,
only a few questions assessed virtual care experiences. Thus,
some key factors like the ability to find a private space to access
virtual care were not directly measured. Further, the survey’s
online administration mode may have introduced selection bias
favoring those with preferences for virtual care. In general,
although this study used the largest national sample of TNB
people in Canada during the COVID-19 pandemic, the results
should be interpreted with caution and are not generalizable to
all TNB communities given that participants were a subset of
a convenience sample.

A strength of this study was its use of qualitative responses to
elucidate and elaborate upon quantitative results. While
open-ended survey items generally do not produce the rich data
of a true qualitative study, these responses highlighted how the
factors under study could not be discussed in isolation from one
another. Rather, our limited quotes suggest that they act together,
for example, the ways a chronic health condition intersects with
geographic barriers to require repeated public transit trips that
then exacerbate the health condition. This suggests that future
research should draw on an intersectionality theoretical
framework to explore these processes of interaction and how
they may relate to social power [26]. Future qualitative research
would contribute to a deeper understanding of the processes
through which virtual care preferences and access play out
across intersections of gender, race, disability, chronic disease,
age, and socioeconomic status, and a mixed methods
intersectional approach would aid in the development of more
nuanced and well-rounded virtual care policies and programs.

Some participants expressed through open-text responses that
their TNB identity was relevant to their virtual care preferences,
mentioning gender dysphoria, transphobia in healthcare, or
misgendering. Similar proportions of participants who did and
did not avoid virtual care during the pandemic due to their TNB

identity reported postpandemic preference for virtual care. This
finding suggests that those who avoided virtual care due to their
TNB identity, for instance, due to anticipated discrimination
[8], may similarly avoid in-person care. However, many
participants did not mention their gender, with some explicitly
stating that their preference was unrelated to their TNB identity.
Because many of our quantitative findings and open-text
responses were related to non-TNB-specific factors, they may
be applicable to the broader population.

The heterogeneity within our results suggests that flexibility in
choice regarding modality of care delivery may best support
the diverse needs of patients, particularly those in TNB
communities. For example, because some participants justified
preferences for in-person care based on anxiety, chronic
conditions, and parental support, while others used these factors
to justify virtual care preferences, practitioners should be
prepared to deliver care via virtual or in-person means, if
feasible. Flexibility should also be afforded in terms of the mode
of virtual care delivery. Some TNB participants experienced
dysphoria when seeing themselves on a video call, but others
may have been more concerned with practitioners misgendering
them based on how their voice sounded over telephone
appointments.

Depending on the province or territory in Canada where
physicians practice, they may face limitations on the types and
modes of services they can bill to public health insurance, which
may influence the care options that they are willing or able to
provide [3,6]. In certain jurisdictions, physicians have daily
caps on the number of virtual appointments they can bill to
public health insurance [6]. While previous studies found that
patients often want care delivered over secure text messaging,
when possible, few jurisdictions in Canada offer publicly funded
texting services [3]. Only certain types of care are publicly
insured, with, for instance, walk-in appointments not being
covered in Nova Scotia [6]. Additionally, many changes made
in the Canadian virtual care policy in response to the COVID-19
pandemic are still temporary [6]. To improve care quality and
access, policymakers and funders may consider implementing
permanent funding schemes that cover a wider range of services
and reward physicians similarly for the same services delivered
via different modes.

Although virtual care may be valuable to address existing
disparities in care access for TNB-specific and nonspecific
services, both virtual and in-person care options will remain
important after the pandemic. Researchers and care providers
should continue to identify populations for whom virtual care
is particularly beneficial, identify the barriers that may prevent
them from accessing it, and propose and appraise interventions
designed to overcome these disparities.

 

Acknowledgments
The Trans PULSE Canada Study Team would like to acknowledge and thank the trans and nonbinary people who generously
shared their time and experience with us. The authors also thank Dr Hannah Kia (University of British Columbia) for her guidance
regarding the qualitative component of this paper, and Dr Alisa Grigorovich (Brock University) for her assistance with the

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40989 | p.525https://www.jmir.org/2022/10/e40989
(page number not for citation purposes)

Navarro et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


conceptualization of this manuscript. The Trans PULSE Canada Study was funded by the Canadian Institutes of Health Research
(funding reference number PJT-159690). The funder played no role in the conduct or interpretation of this research.

Authors' Contributions
AIS and GRB are the co-principal investigators of the Trans PULSE Canada Study and contributed to the survey design and data
collection. JMN, AIS, and GRB performed the data analysis. JMN wrote the manuscript, and all co-authors contributed to its
revision.

Conflicts of Interest
None declared.

References
1. Kahn JM. Virtual visits — Confronting the challenges of telemedicine. N Engl J Med 2015 Apr 30;372(18):1684-1685.

[doi: 10.1056/nejmp1500533]
2. Owens B. Telemedicine on the rise but lagging in Canada. CMAJ 2018 Sep 24;190(38):E1149-E1150 [FREE Full text]

[doi: 10.1503/cmaj.109-5634] [Medline: 30249766]
3. Buying Access Will Cost You: The unintended consequences of for-profit virtual care. The College of Family Physicians

of Canada. URL: https://www.cfpc.ca/CFPC/media/Resources/Health-Policy/Corporatization-of-Care.pdf [accessed
2022-06-23]

4. Ortega G, Rodriguez JA, Maurer LR, Witt EE, Perez N, Reich A, et al. Telemedicine, COVID-19, and disparities: Policy
implications. Health Policy Technol 2020 Sep;9(3):368-371 [FREE Full text] [doi: 10.1016/j.hlpt.2020.08.001] [Medline:
32837888]

5. Telemedicine and virtual care guidelines (and other clinical resources for COVID-19). Royal College of Physicians and
Surgeons of Canada. URL: https://www.royalcollege.ca/rcsite/documents/about/
covid-19-resources-telemedicine-virtual-care-e#rcr [accessed 2021-06-03]

6. Virtual care in Canada: progress and potential. Canadian Medical Association. URL: https://www.cma.ca/sites/default/files/
2022-02/Virtual-Care-in-Canada-Progress-and-Potential-EN.pdf [accessed 2022-06-23]

7. Stoehr JR, Hamidian Jahromi A, Hunter EL, Schechter LS. Telemedicine for gender-affirming medical and surgical care:
A systematic review and call-to-action. Transgender Health 2022 Apr 01;7(2):117-126. [doi: 10.1089/trgh.2020.0136]

8. Kachen A, Pharr JR. Health Care Access and Utilization by Transgender Populations: A United States Transgender Survey
Study. Transgend Health 2020 Sep;5(3):141-148 [FREE Full text] [doi: 10.1089/trgh.2020.0017] [Medline: 33644308]

9. Puckett JA, Cleary P, Rossman K, Newcomb ME, Mustanski B. Barriers to Gender-Affirming Care for Transgender and
Gender Nonconforming Individuals. Sex Res Social Policy 2018 Mar;15(1):48-59 [FREE Full text] [doi:
10.1007/s13178-017-0295-8] [Medline: 29527241]

10. Giblon R, Bauer GR. Health care availability, quality, and unmet need: a comparison of transgender and cisgender residents
of Ontario, Canada. BMC Health Serv Res 2017 Apr 18;17(1):283 [FREE Full text] [doi: 10.1186/s12913-017-2226-z]
[Medline: 28420361]

11. Hamnvik OR, Agarwal S, AhnAllen CG, Goldman AL, Reisner SL. Telemedicine and Inequities in Health Care Access:
The Example of Transgender Health. Transgender Health 2022 Apr 01;7(2):113-116. [doi: 10.1089/trgh.2020.0122]

12. Nanda M, Sharma R. A Review of Patient Satisfaction and Experience with Telemedicine: A Virtual Solution During and
Beyond COVID-19 Pandemic. Telemed J E Health 2021 Dec;27(12):1325-1331. [doi: 10.1089/tmj.2020.0570] [Medline:
33719577]

13. Connect Clinic. URL: https://www.connect-clinic.com [accessed 2022-06-26]
14. Ekeland AG, Bowes A, Flottorp S. Effectiveness of telemedicine: a systematic review of reviews. Int J Med Inform 2010

Nov;79(11):736-771. [doi: 10.1016/j.ijmedinf.2010.08.006] [Medline: 20884286]
15. Agarwal P, Wang R, Meaney C, Walji S, Damji A, Gill N, et al. Sociodemographic differences in patient experience with

primary care during COVID-19: results from a cross-sectional survey in Ontario, Canada. BMJ Open 2022 May
09;12(5):e056868 [FREE Full text] [doi: 10.1136/bmjopen-2021-056868] [Medline: 35534055]

16. Choi NG, DiNitto DM, Marti CN, Choi BY. Telehealth Use Among Older Adults During COVID-19: Associations With
Sociodemographic and Health Characteristics, Technology Device Ownership, and Technology Learning. J Appl Gerontol
2022 Mar;41(3):600-609 [FREE Full text] [doi: 10.1177/07334648211047347] [Medline: 34608821]

17. Reed ME, Huang J, Graetz I, Lee C, Muelly E, Kennedy C, et al. Patient Characteristics Associated With Choosing a
Telemedicine Visit vs Office Visit With the Same Primary Care Clinicians. JAMA Netw Open 2020 Jun 01;3(6):e205873
[FREE Full text] [doi: 10.1001/jamanetworkopen.2020.5873] [Medline: 32585018]

18. COVID Cohort T1 2020 Survey – English – Paper Version. Trans PULSE Canada. URL: https://transpulsecanada.ca/
wp-content/uploads/2021/08/COVID-cohort-survey.pdf [accessed 2022-01-13]

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40989 | p.526https://www.jmir.org/2022/10/e40989
(page number not for citation purposes)

Navarro et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1056/nejmp1500533
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=30249766
http://dx.doi.org/10.1503/cmaj.109-5634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30249766&dopt=Abstract
https://www.cfpc.ca/CFPC/media/Resources/Health-Policy/Corporatization-of-Care.pdf
https://europepmc.org/abstract/MED/32837888
http://dx.doi.org/10.1016/j.hlpt.2020.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32837888&dopt=Abstract
https://www.royalcollege.ca/rcsite/documents/about/covid-19-resources-telemedicine-virtual-care-e#rcr
https://www.royalcollege.ca/rcsite/documents/about/covid-19-resources-telemedicine-virtual-care-e#rcr
https://www.cma.ca/sites/default/files/2022-02/Virtual-Care-in-Canada-Progress-and-Potential-EN.pdf
https://www.cma.ca/sites/default/files/2022-02/Virtual-Care-in-Canada-Progress-and-Potential-EN.pdf
http://dx.doi.org/10.1089/trgh.2020.0136
https://europepmc.org/abstract/MED/33644308
http://dx.doi.org/10.1089/trgh.2020.0017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33644308&dopt=Abstract
https://europepmc.org/abstract/MED/29527241
http://dx.doi.org/10.1007/s13178-017-0295-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29527241&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2226-z
http://dx.doi.org/10.1186/s12913-017-2226-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28420361&dopt=Abstract
http://dx.doi.org/10.1089/trgh.2020.0122
http://dx.doi.org/10.1089/tmj.2020.0570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33719577&dopt=Abstract
https://www.connect-clinic.com
http://dx.doi.org/10.1016/j.ijmedinf.2010.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20884286&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=35534055
http://dx.doi.org/10.1136/bmjopen-2021-056868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35534055&dopt=Abstract
https://europepmc.org/abstract/MED/34608821
http://dx.doi.org/10.1177/07334648211047347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34608821&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.5873
http://dx.doi.org/10.1001/jamanetworkopen.2020.5873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32585018&dopt=Abstract
https://transpulsecanada.ca/wp-content/uploads/2021/08/COVID-cohort-survey.pdf
https://transpulsecanada.ca/wp-content/uploads/2021/08/COVID-cohort-survey.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Scheim AI, Coleman T, Lachowsky N, Bauer GR. Health care access among transgender and nonbinary people in Canada,
2019: a cross-sectional survey. CMAJ Open 2021;9(4):E1213-E1222 [FREE Full text] [doi: 10.9778/cmajo.20210061]
[Medline: 34933879]

20. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

21. Table 4.2 Low-income measures thresholds (LIM-AT and LIM-BT) for private households of Canada, 2015. Statistics
Canada. URL: https://www12.statcan.gc.ca/census-recensement/2016/ref/dict/tab/t4_2-eng.cfm [accessed 2022-01-13]

22. Campbell-Sills L, Norman SB, Craske MG, Sullivan G, Lang AJ, Chavira DA, et al. Validation of a brief measure of
anxiety-related severity and impairment: the Overall Anxiety Severity and Impairment Scale (OASIS). J Affect Disord
2009 Jan;112(1-3):92-101 [FREE Full text] [doi: 10.1016/j.jad.2008.03.014] [Medline: 18486238]

23. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for Depression in Well Older Adults: Evaluation of a
Short Form of the CES-D. American Journal of Preventive Medicine 1994 Mar;10(2):77-84. [doi:
10.1016/s0749-3797(18)30622-6]

24. Ivankova NV, Creswell JW, Stick SL. Using Mixed-Methods Sequential Explanatory Design: From Theory to Practice.
Field Methods 2016 Jul 21;18(1):3-20. [doi: 10.1177/1525822X05282260]

25. Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, Brown A, et al. . [doi: 10.1016/S0140-6736(16)31678-6]
26. Bowleg L. The problem with the phrase women and minorities: intersectionality-an important theoretical framework for

public health. Am J Public Health 2012 Jul;102(7):1267-1273. [doi: 10.2105/AJPH.2012.300750] [Medline: 22594719]

Abbreviations
CES-D-10: 10-item abridged Center for Epidemiologic Studies Depression Scale
OASIS: Overall Anxiety Severity and Impairment Scale
TNB: transgender (trans) and nonbinary

Edited by A Mavragani; submitted 23.07.22; peer-reviewed by S Hagens, OP Hamnvik; comments to author 11.08.22; revised version
received 08.09.22; accepted 09.09.22; published 26.10.22.

Please cite as:
Navarro JM, Scheim AI, Bauer GR
The Preferences of Transgender and Nonbinary People for Virtual Health Care After the COVID-19 Pandemic in Canada:
Cross-sectional Study
J Med Internet Res 2022;24(10):e40989
URL: https://www.jmir.org/2022/10/e40989 
doi:10.2196/40989
PMID:36170497

©Jose M Navarro, Ayden I Scheim, Greta R Bauer. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 26.10.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40989 | p.527https://www.jmir.org/2022/10/e40989
(page number not for citation purposes)

Navarro et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://cmajopen.ca/cgi/pmidlookup?view=long&pmid=34933879
http://dx.doi.org/10.9778/cmajo.20210061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34933879&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://www12.statcan.gc.ca/census-recensement/2016/ref/dict/tab/t4_2-eng.cfm
https://europepmc.org/abstract/MED/18486238
http://dx.doi.org/10.1016/j.jad.2008.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18486238&dopt=Abstract
http://dx.doi.org/10.1016/s0749-3797(18)30622-6
http://dx.doi.org/10.1177/1525822X05282260
http://dx.doi.org/10.1016/S0140-6736(16)31678-6
http://dx.doi.org/10.2105/AJPH.2012.300750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22594719&dopt=Abstract
https://www.jmir.org/2022/10/e40989
http://dx.doi.org/10.2196/40989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36170497&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Digital Technology Access and Health-Related Internet Use
Among People Experiencing Homelessness in Hungary:
Quantitative Survey

Nóra Radó1, MA; Edmond Girasek1, PhD; Sándor Békási2,3, MSc, MD; Zsuzsa Győrffy1, PhD
1Institute of Behavioural Sciences, Faculty of Medicine, Semmelweis University, Budapest, Hungary
2Health Centre, Hungarian Charity Service of the Order of Malta, Budapest, Hungary
3Telemedicine Workgroup, FitPuli Kft., Győr, Hungary

Corresponding Author:
Nóra Radó, MA
Institute of Behavioural Sciences
Faculty of Medicine
Semmelweis University
Nagyvárad sqr 4
Budapest, 1089
Hungary
Phone: 36 205679360
Email: rado.nora@gmail.com

Abstract

Background: In recent years, there has been an increase in the use of digital technology for personal health and well-being.
Previous research has revealed that these technologies might provide vulnerable populations, including those who are homeless,
better access to health services and thus a greater chance of more personalized care.

Objective: However, little is known about the relationship between technology and health among people experiencing
homelessness in Central and Eastern Europe. This study is part of a series of studies by the Digital Health Research Group at
Semmelweis University (Budapest, Hungary) in cooperation with the Hungarian Charity Service of the Order of Malta; it aims
to assess the existing technological resources available for the homeless population and their health-related internet use
characteristics to set the ground for potential health policy interventions, enabling better access to health services by strengthening
the digital components of the existing health care system.

Methods: Between April 19, 2021, and August 11, 2021, a total of 662 people from 28 institutions providing social services
for people experiencing homelessness in Budapest, Hungary, were surveyed about their access to digital tools and internet use
patterns. For selected questions, the responses of a representative sample of the Hungarian population were used for comparison
as the reference group. Chi-square tests and logistic regression analyses were performed to identify variables affecting internet
use for health-related reasons.

Results: The results demonstrated a considerable level of internet use in the homeless population; 52.9% (350/662) of the
respondents used the internet frequently compared with 81.3% (1220/1500) of the respondents in the reference group. Among
the homeless group, 69.6% (461/662) of the respondents reported mobile phone ownership, and 39.9% (264/662) of the respondents
added that it had a smartphone function. Moreover, 11.2% (70/662) of the respondents had already used a health mobile app, and
34.6% (229/662) of the respondents had used the internet for medical purposes. On the basis of these characteristics, we were
able to identify a broadly defined, digitally engaged group among people experiencing homelessness (129/662, 19.5%). This
subpopulation was inclined to benefit from digitalization related to their personal health. Multivariate analysis demonstrated that
internet use for health reasons was more significant for younger respondents, women, those with higher levels of education, and
those with no chronic conditions.

Conclusions: Although compared with the general population, health-related internet use statistics are lower, our results show
that the idea of involving homeless populations in the digital health ecosystem is viable, especially if barriers to access are
systematically reduced. The results show that digital health services have great promise as another tool in the hands of community
shelters for keeping homeless populations well ingrained in the social infrastructure as well as for disease prevention purposes.
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Introduction

Homelessness in Hungary
Homelessness is a complex set of social, economic, and health
challenges at both the individual and community levels. The
term itself represents a generic expression for people who live
on the streets (rough sleepers), people without permanent living
arrangements, or those with inadequate habitations. In Hungary,
according to the law, people experiencing homelessness are
persons without any registered place of residence or whose
registered place of residence is the accommodation for homeless
individuals [1].

Although previous research has acknowledged the difficulty in
the assessment of the scale of homelessness across Europe [2],
it has been noted that the number of people experiencing
homelessness is increasing in the European Union [3];
approximately 700,000 people are homeless on any given day,
and this number has increased by 70% in the last 10 years [1].
In Hungary, systematic resources on homeless populations are
scarce, meaning that there is a lack of basic demographic studies,
and no public databases are available on the estimates of the
size of the group.

Homelessness, Inequalities, and Health
The state of homelessness can be described as both a cause and
a consequence of poor health status, social exclusion, and
marginalization [2]. According to research, the health effects
produced by homelessness include significantly higher rates of
bacterial and viral infections, diabetes, hypertension, and
cardiovascular disease compared with populations with adequate
housing options [4]. Similar results emerged when looking at
the life expectancy of homeless and general populations; on
average, a decrease by 11 years for homeless men and 15 years
for homeless women was measured [4].

Furthermore, earlier research suggests that despite the poor
health status of homeless populations, health services designed
for their treatment are often described as insufficient and limited
in their accessibility, availability, and appropriateness [5]. An
earlier study conducted in the United States also noted a
medicalization process among homeless services and the practice
of providing services for homeless individuals to conform them
to specific behaviors [6]. As a result, underdiagnoses and
undertreatment of health conditions are strongly prevalent [7,8],
significantly underpinning the necessity to develop novel
approaches and interventions to address health inequalities that
have existed for decades, as such disparities lower life
expectancy and strengthen social exclusion.

Digital Tools and Digital Inclusion as Potential New
Approaches
The COVID-19 pandemic has accelerated the adoption of digital
technologies in health care systems in many countries that
experienced various types of lockdowns between 2020 and

2022. The World Health Organization’s assessment of the
European digital health landscape describes that during the
COVID-19 pandemic, many digital health tools moved from
being viewed as a potential opportunity to becoming an
immediate necessity, and their use increased substantially [9].
The pandemic is also believed to have demonstrated that the
lack of broadband access to the internet has an influence on the
social determinants of health [10].

Although the expansion of the digital component of health care
systems is considered a forward-looking development, it has
raised accessibility issues for vulnerable strata, such as homeless
populations. Physical barriers in the form of lack of access to
technological equipment, as well as educational barriers in being
unable to use the technology, may contribute to the
inaccessibility of services and resources, further depriving a
segment of the population that is already marginalized. This
very possibility would negatively impact behaviors and stressors
and might further contribute to poorer health outcomes for those
who are digitally excluded, widening the already existent digital
inequality landscape [11,12].

A systematic review analyzing studies from 2015 to 2021 with
the research questions (1) “What mobile health–related
technology is used by homeless populations?” and (2) “What
is the health impact of mobile technology for homeless
populations?” found that most homeless participants across the
17 studies included in the review owned a mobile phone or
smartphone and 80% (1205/1507) owned a mobile phone. Age
appeared to be a significant factor regarding ownership and use,
and confirmatory responses to questions on access to mobile
internet services, smartphone functions, and apps dropped
significantly [11]. Heaslip et al [11] mentioned the lack of
charging points, limited or no access to data traffic, and anxiety
over potential theft and harassment as barriers to mobile phone
use. Other barriers presented were privacy concerns and distrust
in the management of data, tracking of information, the
government, and the “system” [11]. Beyond physical barriers
and trust issues, access to digital health might be hindered by
the lack of skills required for their use. Populations at risk for
limited health literacy, such as homeless populations [13], are
similarly vulnerable to having challenges with digital tools [14].
Poor IT skills among homeless populations have been implicated
in poor mental health outcomes [14].

However, despite existing barriers, several studies have reported
the interest of the homeless population in digital health tools
[11]. Atkins et al [15] noted that their study participants were
positive about using a mobile phone to obtain advice and help
address issues such as depression, anxiety, self-harm, abuse,
substance use, emotional problems, insomnia, and stress. In all,
3 studies showed that interest in appointment and prescription
reminders among homeless populations is prevalent [15-17].
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Early Examples: Attitudes Toward Digital Health
Among Homeless Individuals in Hungary
As the above literature review supports, physical barriers to
accessing technologies and educational barriers in relation to
digital technologies might strengthen the already existing digital
inequalities to the detriment of homeless population, whereas
the use of the internet was shown to be significantly associated
with better self-rated health in older adults [18,19] and more
favorable health behaviors concerning cancer prevention [20].
Studies conducted mainly in the United States, Canada, and the
United Kingdom, focusing less on continental Europe or
lower-income countries, suggest these findings [11].

The main aim of this study was to examine whether these
assumptions are valid in the context of Hungarian homeless
population and to suggest recommendations for public health
policy makers. Thus, the main research questions were whether
(1) homeless populations use digital tools for health-related
reasons in Hungary and (2) clearly identifiable variables, such
as the institutional and social services environment, age,
education, or other demographic data can be associated with
such use. In the case of social institutional characteristics, we
assume that existing barriers and potentials of unique institutions
to digital inclusion might be considered and offered as
background information for potential interventions for digital
inclusion, which we aim to examine as part of the second
research question.

This study fits into a broader set of research undertaken by the
joint action of the Digital Health Research Group at Semmelweis
University and the Hungarian Charity Service of the Order of

Malta (HCSOM), aiming to analyze the relationship between
digital health and homeless populations in Hungary. Previous
research has studied the attitudes of homeless individuals toward
telecare services, with the main finding being that trust in the
general health care system leads to trust in digital health
solutions [12]. This study also served as an assessment tool for
analyzing the viability of a telecare system planned to be
launched by the HCSOM.

Methods

Participating Institutions
Homelessness can be categorized using different methods; Edgar
et al [21] identified 6 different groups. As for the classification
and definition of “homelessness” in this study, we decided to
include all individuals who had engaged with institutions
providing homeless services according to the categories of the
European Typology of Homelessness and Housing Exclusion,
the standard used by European Union member states for
reporting on homelessness and precarious housing circumstances
[22].

Altogether, 6 types of institutions providing social services for
homeless populations participated in the study (Table 1).
Although family shelters are not considered a part of the
homeless social services according to the law in Hungary (these
institutions are operated under the Child Protection Act), they
were included in the study based on the housing instability of
their clients and the temporary nature of the provided
accommodation.

Table 1. List and characteristics of participating institutions and social services (N=662).

Participants,
n (%)

Participating institutions
(N=28), n (%)

ClientETHOSa

classification

Type of service

106 (16)4 (14)Rough sleepers1.1Street outreach service

167 (25.2)5 (17.9)Homeless persons (no accommodation offered)N/AbDay shelter

145 (21.9)7 (25)Homeless persons (accommodation offered only for short
periods)

2.1Night shelter

178 (26.8)7 (25)Homeless persons (accommodation offered for longer pe-
riods with a maximum of 1+1 years)

3.2-7.2Temporary shelter

40 (6)2 (7.1)Homeless persons with severe health status (accommoda-
tion offered for longer periods with a maximum of 1+1
years)

3.2-7.2Temporary shelter with a focus
on health improvement

48 (72.5)3 (10.7)Homeless families (accommodation offered for longer pe-
riods with a maximum of 1+1 or 2 years)

7.2Family shelter

aETHOS: European Typology of Homelessness and Housing Exclusion.
bN/A: not applicable.

The Surveying Process
The research team formulated a questionnaire (Multimedia
Appendix 1) based on the Digital Inclusion Survey used in a
report by Pathway, the United Kingdom’s leading homeless
health care charity [23]. The original questionnaire was
translated to Hungarian by 2 independent medical translators,
and their versions were merged by a consensus meeting. This
Hungarian draft questionnaire was adapted to the local

specialties during a workshop with social workers of the
HCSOM. Before administering the questionnaire to a wider
population, a test survey with 10 participants was completed to
check its clarity and intelligibility. The selection of test group
members was managed by one of the participating social
establishments. To maximize the impact of the test survey, it
was requested to use a diverse group of homeless clients with
respect to gender, age, health status, and type of accommodation.
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Subtle changes in wording were applied during the finalization
of the survey material based on this feedback.

Between April 19, 2021, and August 11, 2021, the research
group surveyed 662 people in Budapest, Hungary, with the
cooperation of 28 institutions that provide various social services
for homeless individuals. The respondents participated in the
study on a voluntary basis. Our research team contacted the
institutions, and their social workers asked homeless clients to
fill out the questionnaires in a paper and pencil form. Social
workers were allowed to help in the interpretation of questions
but were not allowed to influence the answers. When a
respondent was using multiple social services (eg, day and night
shelter), we asked individuals to complete the questionnaire at
the institution that provided the most relevant service for them
to reduce duplicate responses.

The questionnaire enquired about sociodemographic data (age,
gender, level of education, self-defined homelessness, and length
of being homeless) and health status (frequency of medical
visits, existing medical diagnoses, and self-assessment of health
status). Questions 6-10 were used to gather information about
health knowledge and general literacy skills, whereas questions
11-13 and 14-17 asked about access to mobile phones and the
internet. Next, questions 18-21 inquired about internet use habits
and questions 22 and 23 about potential barriers and enablers
of internet access. Question 24 presented a set of statements
about digital health literacy, and question 25 asked about mobile
apps.

Reference Group
For the questions “How frequently do you visit a medical
doctor/do you use medical services?” “Do you have any chronic
disease or a long-term health problem?” “Have you ever used
the Internet for any purpose? If yes, have you used it in the last
six months?” and “Have you ever used any health-related mobile
applications?” the responses of a representative sample of the
Hungarian population were used as a reference group to provide
more context. This representative survey was conducted by the
Digital Health Working Group of Behavioral Institute of
Semmelweis University between October 5, 2021, and October
13, 2021, and consisted of responses from 1500 Hungarian
people in the framework of the “E-Patients in Hungary” study
[24].

Statistical Analysis
As part of the quantitative analysis, we descriptively examined
frequencies, averages, and percentage distributions. Use of
technology and its various correlates (demographic variables

and variables related to access to health services) were compared
with a single variable analysis using Pearson chi-square test,
with a significance level of P<.05.

In the multivariate analysis, a binary logistic regression model
was used. The method was used to examine the background
factors for the question “Have you ever used the internet for
health reasons?” which is the dependent variable. The control
variables were gender, type of institution and social service,
level of education, age, frequency of medical visits, and
prevalence of chronic illness. Independent variables affecting
the dependent variables were selected using enter regression.
The significance of the regression coefficients of the given
variables was described using P value of the Wald. Variables
with P<.05 were retained in the final model.

Data were analyzed using SPSS (version 26; IBM Corp)
statistics software [25].

Ethics Approval
The data collection was anonymized. Written informed consent
statements were obtained in all cases, and ethics approval for
the study was issued under TUKEB:133/2020 and
IV/10927/2020/EKU by the Scientific Research Ethics
Committee of the Medical Research Council of Hungary.

Results

Demographics
The research group surveyed 662 adults in Budapest, Hungary,
recruited from 28 social institutions providing services for
people experiencing homelessness. Of the respondents, 71.2%
(459/662) were men. Of the recruited participants, 38.8%
(247/662) represented the age group of >60 years, whereas
participants aged 18 to 44 years accounted for only 25.9%
(165/662). The mean age was 53.9 years with an SD of 13.08
years. The majority, 70.7% (468/662), considered themselves
homeless, whereas 25.8% (171/662) of the respondents did not
consider themselves homeless. A total of 66.6% (441/662) of
respondents also indicated how long they were experiencing
homelessness: 21.6% (143/662) had been homeless for 1 to 5
years, 16.5% (109/662) for 5 to 10 years, and 28.5% (189/662)
for >10 years, with a mean of 11.35 years and an SD of 9.27
years. Most of the respondents had only primary education
(252/662, 38.1%) or vocational training (232/662, 35%),
whereas 20.4% (135/662) of the respondents had graduated high
school, and 4.5% (30/662) of the respondents said they had
completed their college or university education. The key
demographic parameters are shown in Figure 1.
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Figure 1. Key demographics of the homeless group. N/A: not applicable.

Health Status
As key independent variables, we surveyed the health status of
the respondents and compared them with the data of the
reference group. A total of 16.5% (109/662) of the respondents
said that they visited their physician or used health care services
more than once a month, which was relatively frequent
compared with the reference group, wherein 6.4% (96/1500)
respondents said they visited their physician weekly, more than
once a week, or more than once a month. Within the homeless
group, 21.8% (144/662) of the respondents said they visited
their physician every 1 or 2 months, which is almost the same
as the result for the reference group (284/1500, 18.9%). The
main difference was that most of the homeless group, 42.3%
(280/662), visited their physician only yearly or less frequently,
whereas 35.9% (539/1500) of the reference group said they used
health care services 1 to 2 occasions per year, and only 13%
(195/1500) of the respondents reported going to the physician’s
office yearly.

Of the homeless participants, 46.1% (305/662) reported no
chronic diseases or long-term illnesses requiring treatment
lasting for ≥6 months, but there was only a slight difference in

the distribution of those who did (274/662, 41.4%). Those who
had a chronic disease listed chronic obstructive pulmonary
disease, asthma, diabetes, hypertension, mental illnesses, and
chronic heart conditions among others. For the reference group,
48.8% (732/1500) of the respondents responded that they had
a long-term illness, whereas 51% (765/1500) said that they did
not have any.

Regarding the homeless group evaluating their own health,
12.1% (80/662) and 20.4% (135/662) of the respondents said
“very good” or “rather good,” respectively, whereas most people
(284/662, 42.9%) considered it “average.” In addition, 14%
(93/662) and 6.6% (44/662) of the respondents said they
considered their health “rather poor” and “very poor,”
respectively (Figure 2).

When asked about what channels they were using when
informing about medical issues, 20.5% (136/662) of the
respondents said they were searching for it on the web. This
came in third after asking the primary care physician for
information (352/662, 53.1%) and the social worker in the social
institution (260/662, 39.2%), which meant they might have been
consulting the internet for medical purposes more often than
they asked their family members or friends (108/662, 16.3%).
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Figure 2. Key demographics concerning health status of the homeless group. N/A: not applicable.

Access to Technology and Web-Based Services
For the multiple-choice question, “How do you access the
internet at the moment?” 98 people (98/551, 17.8%) said that
they had their own smartphone with a data contract, 100 people
(100/551, 18.1%) said that they had their own smartphone using
a pay-as-you-go facility, 118 people (118/551, 21.4%) said that
they had their own smartphone and accessed the internet via
free Wi-Fi hotspots, 136 people (136/551, 24.7%) said that they
accessed the internet through a publicly available PC in social
institutions or shelters, only 15 people (15/551, 2.7%) said that
they had their own PC, and 84 people (84/551, 15.2%)
responded with “Other.” In the latter category, answers included
the use of other people’s phones, “internet cafés,” or ownership
of a tablet, but a frequent response was that they had no means
to access it, they did not care, or they did not use it. Only a few
people access the internet in multiple ways (70/662, 10.6% in
2 ways, 12/662, 1.8% in 3 ways, and 4/662, 0.6% in 4 ways),
while more than half of the respondents have access to it in only
one way (359/662, 54.2%) or in no way (217/662, 32.8%).

In the reference group, 81.3% (1220/1500) of the respondents
said that they used the internet frequently, whereas in the
homeless group, 67.2% (445/662) of the responses were
affirmative when asked if they ever used it for any purpose
(Figure 3). Of those who used it, 52.9% (350/662) said they had
used it in the past 6 months. However, daily use was
significantly less, 34.6% (229/662), and an additional 10.6%
(70/662) of the respondents said that they were using it more
times a week. No correlation with age, type of institution and
social service, gender, education, length of homelessness, or
frequency of medical visits was found after cross-tabulation.

Most respondents of the homeless population (461/662, 69.6%)
said that they owned a mobile phone. In addition, 39.9%
(264/662) of the respondents also said that their mobile phone

had a smartphone function, and 11.2% (74/662) of the
respondents of the homeless group said that they had used at
least one mobile health (mHealth) app, whereas this ratio was
18.5% (277/1500) in the reference group. In the homeless group,
those who responded positively to the questions mentioned
using apps for step counting, accessing emergency help,
obtaining relevant medical information, and providing health
data. mHealth apps were associated with 2 variables. Chi-square
test results were significant for the type of institution and social
service (P=.02) and frequency of medical visits (P=.03),
meaning that mHealth apps were more frequently used in
temporary shelters than in any other type of institution and social
service, and with an increasing frequency of medical visits, the
frequency of mHealth app use also increased.

For the question of how experienced they considered themselves
when it came to internet use, 10% (66/662) of the respondents
said “very much so,” 14.5% (96/662) of the respondents said
“rather experienced,” and 21.5% (142/662) of the respondents
said “mediocre,” whereas 10.3% (68/662) of the respondents
considered themselves “rather not experienced,” and the most
prevalent response, 35.3% (234/662), was “not at all”
experienced. A total of 8.5% (56/662) did not respond to the
question. When cross-tabulating self-reported technology
literacy with age, education, gender, homelessness, type of
institution and social service, and frequency of medical visits,
chi-square tests were significant for age (P<.001), type of
institution and social service (P=.01), and education (P=.01),
meaning that with age, the level of self-reported technological
literacy decreased, whereas with higher levels of education,
self-identified technology literacy increased. Most of the
respondents did not consider themselves as experienced
technology users; this most significantly characterized the clients
of temporary shelters with a focus on health improvement,
whereas most experienced technology users made use of the
social services of daily and family shelters.
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Figure 3. Health and internet use characteristics of the homeless and reference groups. N/A: not applicable.

Barriers and Enablers of Internet Use
For the multiple-choice question, “What barriers, if any, restrict
your internet use?” of the 682 responses, 210 (30.8%) said that
nothing hindered it; 104 (15.2%) said there were not enough
free Wi-Fi hotspots; only 46 (6.7%) said they had a smartphone,
but they did not have a data contract or pay-as-you-go facility;
and 52 (7.6%) said that they had internet access, but they did
not know how to use the internet. Of the 682 responses, 146
(21.4%) said that they did not have a smartphone and 60 (8.8%)
said that there were not enough publicly accessible PCs (eg, in
institutions providing social services). In addition, of the 682
responses, 64 (9.4%) said that they could not access the internet
anywhere.

For the question, “What would help you use the internet more?”
of the 598 responses, 145 (24.2%) wished to have a smartphone,
110 (18.4%) responded better access (they had a smartphone
but did not have an available internet connection option), another
56 (9.4%) also responded better access (they used PCs in
institutions providing social services, but only a limited number
of devices were available), 135 (22.6%) responded more
knowledge (they did not know how to use the internet, and it
would have helped if they could get assistance); however, for
most people, 152 respondents (25.4%), the question was not
relevant as they already used the internet as much as they
wanted.

Health-Related Internet Use
For the question, “Have you ever used the internet for health
reasons?” 34.6% (229/662) of the homeless population said that
they did. In the reference group, 10.7% (160/1500) used it every
day, 18.4% (276/1500) weekly, 18.2% (273/1500) monthly,
and 24% (360/1500) less, encompassing 71.3% (1069/1500) of
the representative sample. This means that the general
population used the internet for medical purposes more than
twice as frequently as the homeless population.

When cross-tabulating with gender, age, type of institution and
social service, education, frequency of medical visits, and
self-evaluation of health status, chi-square tests were significant
for gender (P=.007), age (P<.001), and frequency of medical
visits (P=.01), meaning that younger women respondents and
those who went to the physician’s office more frequently tended
to use the internet more frequently for health-related issues.

A Digitally Engaged Group of People Experiencing
Homelessness
In the course of our analysis, we found a specific subpopulation
in the sample identified as a “digitally engaged group of people
experiencing homelessness.” The members of this group were
specific in the sense that they did not need further digital
inclusion. This group was selected for further analysis based
on the following inclusion criteria.

First, we selected respondents who said that they were using
the internet at least every second week (339/662, 51.2%). In the
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next step, we asked the respondents who reported smartphone
ownership with data contract, pay-as-you-go facility, or free
Wi-Fi or computer or tablet ownership to the question “How
do you currently access the internet?” (241/662, 36.4%). We
then filtered out the respondents who did not have a sense of
being an average or more competent internet user (208/662,
31.4%). Furthermore, we selected those who responded “yes”
to the question whether they had ever used the internet for
health-related reasons (129/662, 19.5%). We also considered
filtering the subpopulation based on the question “Have you

ever used any health-related mobile application?” but as only
18.5% (277/1500) in the reference group responded positively
to the question, we expected a significantly lower number in
the homeless population, bordering analyzability. In contrast,
the low number in the reference population indicates that
mHealth app use is not necessarily meaningfully associated
with overall health-related digital engagement. Thus, we created
2 subpopulations, a more broadly defined and a more strictly
defined group, and analyzed their characteristics separately
(Figure 4).

Figure 4. Flowchart for selecting the digitally engaged group of people experiencing homelessness.

When the selected subgroup included 19.5% (129/662) of the
total homeless population, significantly more women were
included in the subpopulation (47/129, 36.4%) than the original
population (186/662, 28.8%). When cross-tabulating with
gender, age, education, frequency of medical visits, prevalence
of chronic illnesses, and type of institution and social service,
chi-square test results were significant for the prevalence of
chronic illness (P=.047); therefore, respondents with chronic
illnesses were more likely to use the internet frequently for
health-related reasons. Although the institutional setting was
not an associative variable, temporary shelters (40/129, 31%)
and day and night shelters (28/129, 21.7% and 22/129, 17%,
respectively) housed most respondents in the subpopulation
(90/129, 69.7%).

Of the 662 participants, we filtered out those who had never
used a health-related mobile app (Figure 4). The selected
subgroup included 5.9% (39/662) of the respondents of the total
studied population. The gender ratio became balanced, which
means that more women (14/39, 36%) were included in the
subgroup than in the original population (186/662, 28.8%).
When cross-tabulating with gender, age, education, frequency
of medical visits, prevalence of chronic illnesses, and type of

institution and social service, the chi-square test results were
significant for the institutional setting (P=.03) and education
(P=.04), which means that digital engagement of a homeless
person tended to depend on the type of homeless shelter the
respondent frequented, and respondents with higher levels of
completed education tended to be more digitally engaged.

Multivariate Analysis
Chi-square test results showed that gender, age, and frequency
of medical visits were associated with health-related internet
use; however, to analyze which demographic or health status
variables influenced health-related internet use, a binary logistic
regression model was necessary.

The dependent variable was health-related internet use, and we
entered gender (1=woman and 2=men), age (as a continuous
variable), type of institution and social service (6 categories),
education (4 categories), frequency of medical visits, and the
prevalence of chronic conditions in the model.

The logistic regression model was found to be significant

(Nagelkerke R2=0.154). After controlling for all the
abovementioned variables, we found that health-related internet
use showed a strong dependency on age and a statistically
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significant association with gender, level of education, and the
prevalence of chronic conditions (P<.05). This means that
younger homeless women who did not have any chronic

conditions tended to use the internet more for health-related
issues (Table 2).

Table 2. Results of the logistic regression model (Nagelkerke R2=0.154)a.

Exp (B)P valueWald test (df)B (SE)

0.619.034.660 (1)−0.480 (0.222)Gender (1=female; 2=male)

—.039.186 (3)—bWhat is your highest completed level of education?

1.581.340.899 (1)0.458 (0.483)What is your highest completed level of education? (1=primary school)

0.826.690.158 (1)−0.191 (0.480)What is your highest completed level of education? (2=vocational training)

0.869.780.081 (1)−0.141 (0.495)What is your highest completed level of education? (3=high school)

1.168.122.453 (1)0.155 (0.099)How frequently do you visit a medical doctor or do you use medical services?

0.618.044.077 (1)−0.481 (0.238)Do you have any chronic disease or a long-term health problem? By long-term, we mean
a problem which has lasted six months or longer.

1.050<.00130.033 (1)0.049 (0.009)Age

——3.607 (5)—Which institution providing services for homeless people do you have contacts with?

1.833.191.752 (1)0.606 (0.458)Which institution providing services for homeless people do you have contacts with?
(1=outreach service)

1.428.370.804 (1)0.356 (0.397)Which institution providing services for homeless people do you have contacts with?
(2=day shelter)

1.059.890.018 (1)0.058 (0.431)Which institution providing services for homeless people do you have contacts with?
(3=night shelter)

1.115.800.063 (1)0.109 (0.434)Which institution providing services for homeless people do you have contacts with?
(4=temporary shelter)

1.249.700.145 (1)0.223 (0.585)Which institution providing services for homeless people do you have contacts with?
(6=family shelter)

0.128.016.002 (1)−2.052 (0.838)Constant

aDependent variable: Do you ever use the Internet for health reasons? (0=no; 1=yes).
bNot available.

Discussion

Principal Findings
Homeless adults experience an early onset of geriatric
conditions, a complex set of chronic diseases, and premature
mortality [26,27], as their access to adequate health care services
is generally poor. Such disparities lower life expectancy and
strengthen social exclusion. To mitigate health inequalities
among homeless populations, digital technology [12], a new
health determinant, can be considered on a broader scale. In a
previous study by the Digital Health Research Group [12] at
Semmelweis University that examined the attitudes and
openness of homeless individuals regarding telecare in a
Hungarian sample, a significant fraction of people experiencing
homelessness with mid- or long-term residency in homeless
shelters was open to the use of telecare via live web-based video
consultation. As a step forward in assessing the feasibility of
launching a comprehensive telehealth project and disseminating
other well-being programs, the research team conducted this
survey assessing existing access to digital platforms
(smartphones and internet) and barriers in both physical and
educational spaces among homeless populations.

On the basis of our findings, the surveyed homeless population
showed an aptitude toward health-related technology use and
had partial access to digital tools. Overall, the results respond
to our first research question positively, that is, homeless
populations use digital tools for health-related reasons.

A significant proportion of respondents had a mobile phone
(461/662, 69.6%), and a lower but still significant number of
respondents possessed a smartphone (264/662, 39.9%). These
findings are congruent with the results presented in the literature,
although according to our findings, the ownership of devices
and access to the internet lag behind that of Western countries.
In 2013, McInnes et al [28], in a systematic review, found that
mobile phone ownership ranged from 44% to 62%, computer
ownership from 24% to 40%, computer access and use from
47% to 55%, and internet use from 19% to 84% in this
population. In 2017, Rhoades et al [29] found that the vast
majority of homeless individuals (94%) owned a cell phone,
more than half owned a smartphone, and 51% accessed the
internet on their cell phones. One-third of the participants
reported no internet use in the past 3 months [29]. In 2021,
Thurman et al [30] analyzed feasibility studies related to
mHealth interventions among people experiencing homelessness
and found that 52% of the participants (n=31) reported having
a personal cell phone, and of those with phones at baseline, the
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majority (87%) reported that their phones were capable of SMS
text messaging, picture messaging, and mobile app use.

Our results showed that people experiencing homelessness turn
to their family physician and social workers the most frequently
for help with medical issues, but their third most frequent choice
is the internet (20.5%), even before asking family members or
friends. In total, 34.6% (229/662) of the respondents said they
had used the internet for medical purposes, and 11.2% (74/662)
of the respondents had already used a medical mobile app.

In addition, we have to consider technological limitations. The
first iPhone was launched in 2007, which introduced the concept
of smartphones, the spread of smartphone-based internet use,
and personalized web-based searches. Technological adoption
is slower in lower socioeconomic groups, and previous studies
found that rates of smartphone and internet use among homeless
populations were lower than those among housed, low-income
adults of any age [31], which might explain the generally lower
internet use statistics for this specific group. This is in line with
the findings of Von Holtz et al [32] showing that, while
experiencing homelessness, participants experienced a 68% less
likelihood to access the internet than when they were housed;
however, our main results show that the idea of involving
homeless populations in the digital health ecosystem can already
be based on solid use patterns, which can be further extended.

Age as a Key Predictor of Health-Related Internet Use
On the basis of our findings, the response to our second research
question, that is, clearly identifiable variables, above all
institutions and social services, and beyond that, age, education,
or other demographic data can be associated with health-related
internet use, had to be partially rejected. Neither chi-square tests
nor the binary regression model showed statistically significant
results. The type of institutional access and social services
provided did not relate to access and use of digital tools and the
internet, except for the digitally engaged subgroup. In contrast,
our logistic regression model showed that age, gender, level of
education, and prevalence of chronic conditions are variables
that statistically significantly influence health-related internet
use.

In line with our results, Harris et al [33] found age to be a key
sociodemographic variable affecting the use of technology by
homeless individuals. The participants of that study felt that the
shift in the United Kingdom to more digital social services had
assumed that users were well versed with IT, although this may
not be the case.

Although age seemed not to play a key factor in homeless
individuals accessing technology, as most of the respondents
had a mobile phone (461/662, 69.6%), mostly representing the
age group of >60 years, it might be a crucial factor when it
comes to their own perception of competence in using
web-based services and health-related internet use. Younger
respondents (age group 18-44 years) considered themselves
rather competent, whereas older respondents (age groups 45-59
years and >60 years) did rather not or did not at all consider
themselves competent when it came to using the internet.
Moreover, the regression model showed that the younger a

homeless respondent was, the more likely they were to use the
internet for health-related reasons.

Gender, Level of Education, and Prevalence of Chronic
Conditions
The regression model showed that gender was an explanatory
factor when it came to health-related internet use, which means
that women in the homeless group tended to use digital tools
mainly for health-related purposes. This is congruent with the
trends in the general population, as Resch et al [34] found that
women were more engaged in using the internet to search
health-related information in Germany (n=1006), and Rising et
al [35] through the 2017 and 2018 National Cancer Institute
Health Information National Trends Survey (n=6789) found
that in the United States, women were more likely than men to
use digital health tools. As a noteworthy limitation, it has to be
mentioned that women were almost 2.5 times more
underrepresented in the sample (186/662, 28.8%), which might
have influenced mHealth use patterns along gender lines.

Regarding the level of education, those who had completed
higher levels of education were more inclined to use digital
health tools, although only 4.5% (30/662) of the sample said
they had completed college or university education, which,
similar to the gender composition of the sample, might influence
use patterns. In contrast, this finding is congruent with the
self-assessment of technological literacy. Chi-square test results
were significant for education (P=.01) when cross-tabulating
with self-assessment of digital competencies, meaning that with
higher levels of education, the sense of technology literacy
increases, which might result in more frequent use.

Concerning the prevalence of chronic conditions, the results
showed that homeless individuals without chronic diseases or
any long-term illnesses tended to use the internet more for
health-related purposes, which might originate from the pattern
that those who were more concerned about their own health
tended to use a diverse tool kit for health care and well-being,
including digital tools, whereas those with serious chronic
illnesses might tend to neglect their state because of their
struggle to accommodate basic human needs or lack of resources
for accessing care [36].

Overall, the results of the regression model were in line with
trends in the general population: younger and more educated
people tend to use digital health tools [37,38], and this finding
means that in the course of planning health care interventions
for homeless populations, patterns observed in the general
population might be taken as a base for further action.

Digitally Engaged Homeless Subpopulation
The homeless population was a diverse group in terms of
health-related internet use and access to digital tools, with a
significant number of digitally engaged participants. When
analyzing the data, the research team found 2 broadly
interpretable digitally engaged homeless subpopulations: a
subpopulation without health-related mobile app use (129/662,
19.5%) and another with such use (39/662, 5.9%). Generally
speaking, both digitally engaged groups included more women
and younger respondents than the homeless population, which
was in line with the findings of the regression model. The overall
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results were also congruent with previous literature stating that
low-income populations rely on smartphones rather than
computers for internet access; the latter was less frequent than
owning a smartphone in our sample as well [31].

A chi-square test on the association between demographic
factors and the more broadly defined subgroup showed that the
type of institution and social service as well as the level of
education—the higher the level of completed education, the
more substantial digital engagement—mattered as factors for
becoming digitally engaged. Temporary shelters (40/129, 31%)
and day and night shelters (28/129, 21.7% and 22/129, 17%,
respectively) housed most respondents in the subpopulation
(90/129, 69.7%), which means that long-term living conditions
seem to be associated with digital inclusion. The same pattern
emerged in the more strictly defined subgroup; a chi-square test
on the association between demographic factors showed that
only the type of institution providing social services mattered
as a factor for becoming digitally engaged. Almost half of the
selected subgroup used temporary shelters, whereas very few
digitally engaged users were found among rough sleepers and
those who used emergency accommodations.

Barriers and Enablers of Internet Use
Rice et al [39] reported that mobile phones can facilitate
communication with family or friends and provide social
support, which in turn has been shown to be associated with
more favorable health outcomes [40]. In contrast, two-thirds of
the participants of a cohort of 350 adults experiencing
homelessness aged >50 years in Oakland, California, reported
using their phones to communicate with their health care
providers, suggesting both interest and feasibility [31].

However, several studies have shown homeless population’s
interactions with technology to be significantly affected by lack
of resources and the structural constraints [33], which was also
shown by our results. As the main barriers to accessing
technology, respondents mentioned affordability of digital tools
or data contracts, the low number of free Wi-Fi hotspots, and
PCs available at social institutions. To foster internet use, a
significant number of respondents suggested overcoming these
barriers rather than urging the need for educational assistance.

In line with previous studies, in the context of homeless
populations in Hungary, increasing public access to high-speed
internet and providing discounted smartphones for high-need,
low-income individuals may also increase access to the internet
[41]. Moreover, Budapest lacks an adequate number of free
Wi-Fi hotspots, and thus needs more of such hotspots installed
[42]. As Raven et al [31] noted, private sector technology and
telecommunication companies might also be incentivized to
fund initiatives that increase the use of their services among
underserved populations, thereby increasing access to reliable
mobile technology.

Strengths
Studies examining health and technology-related behaviors in
homeless populations tended to be conducted predominantly in
the United States and Canada compared with little examination
of the use of technology of homeless populations in other
countries [11]. Thus, as Heaslip et al [11] also noted, further

research is needed in the United Kingdom, Europe, and
lower-income countries. This study aims to fill that gap by
examining the accessibility and use of health-related technology
in Central and Eastern Europe, more specifically in Hungary.

Compared with other studies that examine homeless populations
in specific areas, the sample size of this study (N=662) is
considered notable and large enough to draw statistically
significant conclusions.

Limitations
The study sample represents urban homeless populations from
Budapest, Hungary, where socioeconomic conditions might
differ from those living in the countryside. Homeless population
recruited in our study had a connection to the social
infrastructure; therefore, rough sleepers and other people who
were not connected to any social initiatives were not represented.

The research team relied exclusively on self-reporting of mobile
phone ownership, internet access, and internet use and did not
attempt in any way to verify these reports (eg, via phone bills,
direct observation, or other methods).

Conclusions
Although health-related internet use statistics are lower than
those in the general population, the results showed that the
pattern of use is similar. The idea of involving homeless
populations in Hungary in the digital health ecosystem is not
far-fetched, but a rather viable concept, especially if barriers to
access are systematically reduced and the enablers of use
strengthened.

During the development of a digital ecosystem, several factors
might be considered, such as the role of the institutions
providing social and medical services. From an infrastructural
point of view, the unavailability and poor affordability of
devices and subscriptions and the lack of publicly available free
Wi-Fi hotspots were mentioned as barriers to digital
technological access. All these factors might be improved by
making adequate changes, enabling more Wi-Fi hotspots and
installing more publicly available computers in social
institutions. In addition, an internet service scheme specifically
designed for the homeless population (eg, prepaid services
available for medical purposes) could facilitate a shift toward
better digital health.

It is important to note that despite all the barriers to accessing
digital technologies, our research identified a digitally engaged
homeless subgroup, whose members are actively using digital
tools for health purposes. With a deeper analysis of this group,
characteristics, motivations, and potentials for widening access
and use could be delineated, and this group could form a
baseline for holistic and appropriate digital public health
interventions.

Our preliminary analysis in this group already showed that the
characteristics of accommodation also play a role in assessing
the accessibility of homeless populations to digital health
services. People experiencing homelessness with a more stable
housing solution tend to be more open to digital technology and
have more access to their own digital resources than others with
less stable conditions. This information might be fruitfully used
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when planning further complex and holistic digital health
programs for homeless populations centered on institutions as

already available resources for further development.
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Abstract

Background: Considerable effort has been directed to offering online health information and services aimed at the general
population. Such efforts potentially support people to obtain improved health outcomes. However, when health information and
services are moved online, issues of equality need to be considered. In this study, we focus on the general population and take
as a point of departure how health statuses (physical functioning, social functioning, mental health, perceived health, and physical
pain) are linked to internet access (spanning internet attitude, material access, internet skills, and health-related internet use).

Objective: This study aims to reveal to what extent (1) internet access is important for online health outcomes, (2) different
health statuses are important for obtaining internet access and outcomes, and (3) age and education moderate the contribution of
health statuses to internet access.

Methods: A sequence of 2 online surveys drawing upon a sample collected in the Netherlands was used, and a data set with
1730 respondents over the age of 18 years was obtained.

Results: Internet attitude contributes positively to material access, internet skills, and health outcomes and negatively to
health-related internet use. Material access contributes positively to internet skills and health-related internet use and outcomes.
Internet skills contribute positively to health-related internet use and outcomes. Physical functioning contributes positively to
internet attitude, material access, and internet skills but negatively to internet health use. Social functioning contributes negatively
to internet attitude and positively to internet skills and internet health use. Mental health contributes positively to internet attitude
and negatively to material access and internet health use. Perceived health positively contributes to material access, internet skills,
and internet health use. Physical pain contributes positively to internet attitude and material access and indirectly to internet skills
and internet health use. Finally, most contributions are moderated by age (<65 and ≥65 years) and education (low and high).

Conclusions: To make online health care attainable for the general population, interventions should focus simultaneously on
internet attitude, material access, internet skills, and internet health use. However, issues of equality need to be considered. In
this respect, digital inequality research benefits from considering health as a predictor of all 4 access stages. Furthermore, studies
should go beyond single self-reported measures of health. Physical functioning, social functioning, mental health, perceived
health, and physical pain all show unique contributions to the different internet access stages. Further complicating this issue,
online health-related interventions for people with different health statuses should also consider age and the educational level of
attainment.

(J Med Internet Res 2022;24(10):e37845)   doi:10.2196/37845
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digital inequality; health; MOS; eHealth; digital health; online health; age; education; survey; digital divide; attitude; health
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Introduction

Background
The World Health Organization (WHO) stresses that public
health is an important topic on policy agendas in most Western
countries. Considerable effort is directed to offering health
information and services aimed at the general population online.
Such efforts potentially support people in improved outcomes
regarding their knowledge of health issues, health
communication with professionals, decision-making about health
issues, proper use of health services, and improved ways of
taking care of themselves [1-3]. However, when health
information and services are moved online, issues of equality
need to be considered. Online information and services can also
disempower marginalized people by violating their rights and
autonomy [4], further entrenching their position. Digital
inequality research typically considers how specific populations
can benefit from access to online services and has shown that
those most likely to experience health-related issues are also
less likely to benefit from the internet in general [5]. In this
respect, most attention has focused on, for example, age, racial
and ethnic, and socioeconomic differences in access to online
health. Actual well-being in terms of personal health is far less
studied as a determinant of internet access in digital inequality
research [5]. When considered, it is often simplified in binary
terms or by a single self-rated health scale. In this study, we
focus on the general population and take as a point of departure
the way people with different health statuses—pertaining to
general functioning and well-being—use the internet to obtain
positive health outcomes, for example, in determining a medical
condition from which one might suffer or making better
health-related decisions. We attempt to provide an in-depth
picture by focusing on different health statuses in relation to
stages of internet access and online health outcomes. The paper
is structured around 3 goals: to reveal to what extent (1) internet
access (spanning internet attitude, material access, internet skills,
and internet health use) is important for online health outcomes,
(2) different health statuses (physical functioning, social
functioning, mental health, perceived health, and physical pain)
are important for obtaining internet access and outcomes, and
(3) age and educational differences moderate the contribution
of health statuses to internet access.

Internet Access and Outcomes
Resources and appropriation theory considers internet access
as a process of appropriation following attitude, material access,
skills, and use [6]. A positive attitude toward the internet is a
first step toward using online health information and services
[6]. Subsequently, material access involves having an internet
connection and the required devices that provide internet access,
such as desktops, laptops, tablets, and smartphones [6,7]. With
the rapid increase in internet connections in Western countries,
differences in materials (variety and quality of devices) are
increasingly the topic of attention in this stage [7]. The required
skills to use the internet range from operational skills (basic
operations to use the internet) to information navigation (find,
select, and evaluate sources of online information),
communication (use online communication and interactions to
understand and exchange meaning and acquire social capital),

and content creation skills (create different types of quality
content) [8]. The final access type in the current context involves
the use of different types of online health apps available to the
general population.

Prior research has revealed that internet attitude directly affects
material access, the development of internet skills, and internet
use [9]. Material access has significant relationships with both
internet skills and internet use. Individuals with desktop
computers, laptops, tablets, smartphones, and smart devices
connect to the internet everywhere and at all times of the day
and get more opportunities to develop varied skills and usage
opportunities [7]. Internet skills affect the types of activities
performed online and play a crucial role in translating uses into
actual outcomes [10]. All stages have their own grounds of
determination, interact to shape cumulative digital inequalities,
and directly affect tangible health outcomes [9,10]. We therefore
hypothesize that:

• Hypothesis 1 (H1): Internet attitude is positively associated
with (1) material access, (2) internet skills, (3) health-related
internet use, and (4) health outcomes.

• H2: Material access is positively associated with (1) internet
skills, (2) health-related internet use, and (3) health
outcomes.

• H3: Internet skills are positively associated with (1)
health-related internet use and (2) health outcomes.

• H4: Health-related internet use is positively associated with
health outcomes.

Health Statuses as Predictors of Internet Access
For the second goal of this paper, we focus on a range of health
statuses pertaining to general functioning and well-being among
the general population [11]. We first consider physical
functioning, or the extent to which health interferes with a
variety of functioning activities, such as participating in sports,
carrying groceries, climbing stairs, or walking. Second, we
consider social functioning, or the extent to which health
interferes with normal social functioning activities, such as
visiting friends. Third, mental health concerns one’s general
mood, including depression, anxiety, and psychological
well-being. Fourth, health perception involves one’s overall
rating of current personal health. Finally, we consider the extent
of bodily pain. We expect that these health statuses affect the
different stages of internet access, as several studies have shown
high rates of health-related internet use among those with
medical conditions [12]. However, evidence on this relationship
is inconclusive [12], as other studies have revealed that people
who self-report being in good health are more likely to use the
internet for health information [13] and that poor health inhibits
particular stages of internet access [1,14]. For the different health
statuses, causation could be argued in both directions, as
compromised health might result in health-related internet use
to become informed about specific conditions but might also
restrict, for example, the use of certain devices or the
development of internet skills. As the main purpose of this study
is to assess the relationship between health statuses and internet
access, we pose the following nondirectional hypotheses:
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• H5: Physical functioning is associated with (1) internet
attitude, (2) material access, (3) internet skills, and (4)
health-related internet use.

• H6: Social functioning is associated with (1) internet
attitude, (2) material access, (3) internet skills, and (4)
health-related internet use.

• H7: Mental health is associated with (1) internet attitude,
(2) material access, (3) internet skills, and (4) health-related
internet use.

• H8: Health perceptions are associated with (1) internet
attitude, (2) material access, (3) internet skills, and (4)
health-related internet use.

• H9: Pain is associated with (1) internet attitude, (2) material
access, (3) internet skills, and (4) health-related internet
use.

Research Model
Figure 1 illustrates the research model built on the hypotheses.
The model reflects resources and appropriation theory [6] by
showing the core of the theory (the 4 phases of internet access)
and considering personal categorical inequalities (in this
contribution, the 5 health statuses). The internet health outcomes
block reflects the potential benefits or outcomes from the 4
internet access phases.

Figure 1. Conceptual model and hypotheses.

Moderating Effects of Age and Education
The conceptual model in Figure 1 shows that the different health
statuses are expected to support or inhibit internet access and,
as such, obtain positive health outcomes. In this study, we
further focus on the moderating roles of age and education,
which represent important and common types of segmentation
in digital inequality research [5]. We study to what extent age
and educational differences exist in the contributions of the 5
health statuses to internet access. We expect contributions to
become stronger for users over 65 years of age (seniors) when
compared with the overall population and for less-educated
users when compared with those with higher levels of
educational attainment. Elderly and less educated individuals
are more likely to perceive and actually suffer from limited
health status [15]. Further examination of the moderating effects
of age and education on internet access is important to explain
differences in internet health outcomes. This approach further
supports the development of health information and services
aimed at different age and educational groups and future
planning of the health care system for these specific groups.

Methods

Recruitment
This study used online surveys and drew upon a sample
collected in the Netherlands. To obtain a representative sample
of the population, we used PanelClix, a professional organization
for market research. Members of the panel receive a small
incentive for every survey they complete. In the Netherlands,
98% of the population uses the internet, closely representing
the general population in terms of sociodemographic
composition. We aimed to obtain a data set with approximately
1700 respondents over the age of 18 years. Eventually, this
resulted in the collection of 1730 responses in a 2-wave study,
both conducted over a 1-week period. The survey in the first
wave (April 2020; n=2227) was specifically designed to gather
background variables, including the different health statuses
that are the topic of interest in this contribution. The survey
furthermore included questions related to COVID-19. The
average time required to complete this survey was 15-20
minutes. The survey in the second wave (November 2020;
n=1730, 77.7%) was administered among respondents of the
first wave and involved questions around the different internet
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access stages, including internet motivation, material access,
internet skills, internet health use, and health outcomes. The
reason for administering a second survey among respondents
of the first wave was a practical one: as the background variables
were already collected, more space was available for questions
related to internet access. Of the respondents of the first survey,
1730 (77.7%) completed the second survey. The average time
required to complete this second survey was 20 minutes. During
the first wave, 3 amendments to the sampling frame were made
to ensure the representativeness of the Dutch population.
Accordingly, the analyses revealed that respondents’ gender,
age, and formal education largely matched official census data.

This was also the case for the sample that resulted from the
second wave. See Table 1 for an overview.

Both online surveys followed Mahon’s [16] recommendation
to set an information sheet as the first page of the online survey
in which potential respondents are required to check a box to
indicate consent before accessing the survey. The survey used
software that checked for missing responses and prompted users
to respond. Both surveys were pilot-tested with 10 internet users
over 2 rounds. Amendments were made based on the provided
feedback. No major comments were provided in the second
round.

Table 1. Characteristics of the study sample (N=1730).

Participants, n (%)Characteristics

Gender

871 (50.3)Male

859 (49.7)Female

Age (years; mean 50.24, SD 17.02)

397 (22.9)18-34

412 (23.8)35-49

502 (29.0)50-64

419 (24.2)≥65

Educational level

516 (29.8)No diploma, primary or lower secondary diploma

602 (34.8)Secondary diploma

612 (35.4)Higher diploma

Ethical Considerations
To comply with requirements on privacy, collected data were
anonymized by stripping IP addresses from the data set before
the data files were saved to the researcher’s computer.

Measures
Internet attitude was measured by 3 items adapted from the
Digital Motivation Scale [17]. To measure material access, we
considered a total of 7 different devices used to connect to the
internet: desktop, laptop, tablet, smartphone, smart TV, game
console, and smart device (eg, activity tracker; mean 3.43, SD
1.53). Internet skills were measured by the conceptual idea
behind the Internet Skills Scale [9]. A 20-item measure was
constructed in which items were scored on a 5-point scale. For
health-related internet use, we used 6 items in which respondents
were asked to indicate to what extent they used the internet for
a particular online health activity. A 6-point scale was applied
as an ordinal-level measure. Principal component analysis with
varimax rotation was used to determine whether the items
covered more underlying clusters, which was not the case. All

items were retained in a single factor with an eigenvalue over
1.0, together accounting for 59% of the total variance. For health
outcomes, we used 4 items that represent one’s satisfaction with
health-related achievements. All constructs exhibited high
internal consistency; see Table 2.

The measures for the 5 considered health statuses were adapted
from the Dutch version of the Medical Outcomes Study (MOS)
Short-Form General Health Survey (SF-20) [18]. This
instrument enables respondents to assess their general health
and generates composite summary scores representing different
health status. With the exception of physical pain, we normalized
the scales, with higher scores representing better functioning,
for physical functioning, social functioning, mental health,
health perception, and physical pain (Table 3).

Gender was included as a dichotomous variable, and age was
directly asked. Data on education were collected by degree.
These were subsequently divided into 2 groups of low (ie, no
diploma or primary or [lower] secondary education diploma)
and high (ie, college and university) educational level attained.
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Table 2. Items, descriptive statistics, and internal consistency (Cronbach α) for internet attitude, internet skills, health-related internet use, and
health-related internet outcomes.

Mean (SD)Items

Internet attitude (α=.74)a, mean 4.10, SD 0.70

4.29 (0.83)Technologies, such as the internet and mobile phones, make life easier.

4.03 (1.23)I feel that people pressure me to be constantly connected (recoded).

3.89 (0.85)There are many things on the internet that are good for people like me.

Internet skills (α=.96)b, mean 3.45, SD 0.96

3.16 (1.07)I know how to upload files.

3.54 (1.04)I know how to adjust privacy settings.

4.11 (1.55)I know how to use my smartphone as a hotspot.

3.33 (1.21)I know how to check whether the information I find online is true.

4.17 (1.02)I find it easy to decide what the best keywords are.

3.71 (1.22)I know how to figure out whether a website can be trusted.

3.76 (1.41)I know how to store photos, documents, or other files in the cloud (eg, Google Drive, iCloud).

4.17 (1.41)I know how to keep track of the costs of mobile app use.

4.28 (1.13)I know how to change with whom I share content (eg, friends, friends of friends, or the public).

4.16 (1.14)I know how to block messages from people I do not want to have anything to do with anymore.

4.23 (1.11)I know what pictures of me or others I can share online.

3.24 (1.19)I know how to turn off my location on a smartphone.

3.66 (1.37)I know how to reach people with my digital creations.

4.18 (1.32)I know how to create videos or selfies to which others will react positively.

3.60 (1.35)I know how to create digital materials to express my ideas.

3.59 (1.38)I know how to block unwanted popup messages or ads.

3.64 (1.46)I know how to post homemade videos or music online.

3.48 (1.38)I know how to make basic changes to the content that others have produced.

3.57 (1.29)I know which (copy) rights apply to online material.

3.45 (2.05)I know how to increase the number of followers of my profile on social media.

Health-related internet use (α=.86)c, mean 2.08, SD 0.86

2.60 (1.02)Finding information about your health or medical care

1.94 (0.98)Contacting a physician or medical specialist

1.91 (1.23)Talking to others about your personal health

1.76 (1.18)Participating in an online training or health program

2.05 (1.27)Finding information or watching videos about improving your fitness/health

1.96 (1.33)Using an app to check your health status or treatment

Health-related internet outcomes (α=.85)d, mean 2.13, SD 1.39

2.04 (1.56)The way the last advice, program, or app you used affected your health

2.23 (1.59)The feeling about your fitness/health that online information gives you

3.03 (2.03)The latest online health information or online advice that you applied

2.11 (1.53)The way you have adapted your behavior based on online health information

aA 5-point agreement scale ranging from “strongly disagree” to “strongly agree.”
bA 5-point truth scale ranging from “not at all true of me” to “very true of me.”
cA 6-point frequency scale ranging from “never” to “multiple times a day.”
dA 5-point satisfaction scale ranging from “very dissatisfied” to “very satisfied.”
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Table 3. Items, descriptive statistics, and internal consistency (Cronbach α) for health state variables.

Mean (SD)Items

Physical functioning (α=.89)a, mean 1.75, SD 0.34

1.57 (0.50)Vigorous activities, such as lifting heavy objects, running, or participating in strenuous sports

1.77 (0.42)Moderate activities, such as moving a table or carrying groceries

1.74 (0.44)Walking uphill or climbing a few steps without resting

1.73 (0.44)Bending or lifting or stooping

1.83 (0.38)Walking 1 block

1.89 (0.31)Eating, dressing, bathing, or using the toilet

Social functioningb

3.81 (1.16)My health regularly limits me in social activities (eg, visiting friends or family)—recoded.

Mental health (α=.85)b, mean 3.65, SD 0.77

3.43 (1.05)I regularly feel depressed and gloomy (recoded).

3.60 (0.87)I am often so sad that nothing can cheer me up (recoded).

3.65 (1.10)I am regularly nervous (recoded).

3.66 (0.84)I usually feel calm and composed.

4.05 (1.01)I feel happy most of the time.

Health perception (α=.86)b, mean 3.39, SD 0.85

3.72 (1.18)I am a little sick (recoded).

3.22 (1.04)I am as healthy as anyone I know.

3.28 (1.06)My health is excellent.

3.73 (1.05)I have been feeling bad lately (recoded).

Physical painc

3.67 (1.26)Have you experienced any physical pain in the past 4 weeks?

aDid your health condition limit you in any of the following activities last year? If so, for how long? Yes, longer than 3 months/Yes, less than 3 months/No
→ transposed to No (1)/Yes (2).
bA 5-point agreement scale ranging from “strongly disagree” to “strongly agree.”
cA 5-point scale ranging from “heavy pain” to “no pain.”

Statistical Analysis
To test the first hypothesized relationships, we applied path
analysis with Amos 23 (IBM Corporation). To obtain a
comprehensive model fit, we included the suggested indices by

Hair et al [19]: the χ2 statistic, the ratio of χ2 to its df, the
standardized root mean residual (SRMR<0.08), the
Tucker-Lewis index (TLI>0.90), the comparative fit index
(CFI>0.95), and the root mean square error of approximation
(RMSEA<0.06). These fit indices are typically used to represent
the 3 categories of model fit: absolute, parsimonious, and
incremental. We added covariates between the health status
variables. The correlations between internet attitude, material
access, internet skills, internet health use, and health outcomes
were not high enough to cause multicollinearity concerns. To
test for moderator effects of age and education, we applied
multigroup analyses. First, the model was estimated for each
of the subgroups separately to confirm its acceptable fit for each
group. Then, multigroup analysis was used to test the

significance of the χ2 difference.

Results

Measurement Model and Hypotheses
To test the hypothesized relationships, we started by examining
the basic assumptions of path analysis. Normality, kurtosis, and
skewness did not differ significantly from acceptable criteria,
and there were no outliers or multicollinearity beyond what
would theoretically be expected. The structural model with
coefficients and variances explained is presented in Figure 2.
The results of the fit statistics indicated a good model fit:

χ2
5=23.68; χ2/df=4.74; SRMR=0.01; TLI=0.96; CFI=1.00,

RMSEA=0.05 (90% CI 0.03-0.07). The magnitudes and
significance of the direct, indirect, and total path coefficients
are shown in Table 4. The significance of the indirect effects
was examined using bootstrapping procedures [20] and the
Monte Carlo method for assessing mediation [21,22].

The first hypotheses concerning the internet access stages and
outcomes (H1-H4) are supported, with the exception of H1c.
Internet attitude has a negative direct path to internet health use,
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and the total effect is 0. For the other hypotheses, all direct and
indirect paths are positive and significant. See Table 4.

For the second set of hypotheses (concerning the health
statuses), first Table 4 shows that physical functioning is directly
and indirectly related to all 4 internet access stages (supporting
H5a-d). Physical functioning contributes positively to internet
attitude, material access, and internet skills but negatively to
internet health use. Second, social functioning is directly and
indirectly related to internet attitude, internet skills, and internet
health use (supporting H6a,c,d). Social functioning contributes
negatively to internet attitude and positively to internet skills
and internet health use. There is a small indirect negative

contribution to material access (partly supporting H6b). Third,
the results revealed that mental health contributes positively to
internet attitude and negatively to material access and internet
health use (supporting H7a,b,d). There is no significant direct
or indirect contribution to internet skills (rejecting H7c). Fourth,
perceived health has a direct positive contribution to material
access, internet skills, and internet health use (supporting
H8b-d). There is no significant contribution to internet attitude
(rejecting H8a). Finally, physical pain contributes positively to
internet attitude and material access (supporting H8a,b). There
are positive indirect contributions to internet skills and internet
health use (partly supporting H8c,d).

Figure 2. Structural model with path coefficients. Note: Path coefficients are significant at P<.05. Squared multiple correlations are underlined. ns:
not significant.
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Table 4. Significant direct, indirect, and total effects (standardizes regression weights and significance).

Total effectsIndirect effectsDirect effectsPath

P valueβP valueβP valueβ

.01.08.01.03.01.05Internet attitude → health outcome

.01.20.01.16.04.04Material access → health outcome

.01.23.03.13.01.10Internet skills → health outcome

.02.45N/AN/Aa.02.45Internet health use → health outcome

.02.14N/AN/A.02.14Internet attitude → material access

.01.16.01.05.01.11Internet attitude → digital skills

.50.00.01.07.03–.07Internet attitude → internet health use

.01.35N/AN/A.02.35Material access → internet skills

.01.28.01.10.01.18Material access → internet health use

.01.30N/AN/A.04.30Internet skills → internet health use

.02.18N/AN/A.02.18Physical functioning → internet attitude

.02.16.01.03.01.13Physical functioning → material access

.01.18.01.08.01.10Physical functioning → internet skills

.62–.02.01.07.01–.09Physical functioning → internet health use

.12.03.12.03N/AN/APhysical functioning → health outcomes

.01–.09N/AN/A.01–.09Social functioning → internet attitude

.77.01.01–.01.49.02Social functioning → material access

.09.07.66–.01.03.08Social functioning → internet skills

.01.13.07.03.01.10Social functioning → internet health use

.02.06.02.06N/AN/ASocial functioning → health outcomes

.02.11N/AN/A.02.11Mental health → internet attitude

.02–.07.01.02.02–.09Mental health → material access

.74–.01.26–.02.80.01Mental health → internet skills

.01–.24.05–.02.01–.22Mental health → internet health use

.02–.11.02–.11N/AN/AMental health → health outcomes

.36–.04N/AN/A.36–.04Perceived health → internet attitude

.02.13.31–.01.02.14Perceived health → material access

.02.14.01.04.03.10Perceived health → internet skills

.02.24.02.07.01.17Perceived health → internet health use

.02.12.02.12N/AN/APerceived health → health outcomes

.01.10N/AN/A.01–.10Physical pain → internet attitude

.01–.08.02–.01.01–.07Physical pain → material access

.09–.05.01–.04.65–.01Physical pain → internet skills

.19–.05.03–.03.65–.02Physical pain → internet health use

.02–.04.02–.04N/AN/APhysical pain → health outcomes

a N/A: not applicable.

Moderator Effects

We tested for the significance of the χ2 difference between 2
specified age groups (<65 and ≥65 years) and between 2
educational groups (low and high). The results showed that for

both age (χ2/df=3.716, P<.001, TLI=0.946, CFI=0.994,

RMSEA=0.04 [95% CI 0.03-0.05]) and education (χ2/df=2.944,
P<.001, TLI=0.962, CFI=0.996, RMSEA=0.03 [95% CI
0.02-0.05]), there are moderation effects on the overall model

χ2. Table 5 shows the results of the direct path coefficient
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comparison between the 2 age groups and between the 2
educational groups.

Concerning age and internet access, Table 5 shows that the
direct path coefficients from internet attitude to material access
and internet skills are significantly larger for seniors.
Furthermore, internet attitude contributes negatively to internet
health use and positively to health outcomes in the group aged
below 65 years. The contribution of material access to internet
skills is slightly larger in the senior group, and the contribution
of internet skills to internet health use is slightly smaller. In
terms of age and the different health statuses, Table 5 reveals
that physical functioning contributes positively to internet
attitude, material access, and internet skills and negatively to
internet health use in the group aged under 65 years. In the
oldest age group, physical functioning contributes only
positively to internet attitude. Social functioning contributes
negatively to internet attitude and positively to internet skills
and internet health use in the group aged under 65 years, while
there are no direct significant contributions in senior group. In
the group aged under 65 years, mental health contributes
positively to internet attitude and negatively to material access
and internet health use. In the senior group, there are positive
contributions to material access and internet skills. The negative
contribution of mental health to internet health use is
significantly larger in the younger group. In this group,
perceived health contributes negatively to internet attitude and
positively to material access, internet skills, and internet health
use. In the senior group, there is a negative contribution to

material access. Finally, physical pain contributes negatively
to internet attitude in both age groups, to material access in the
younger group, and to internet health use in the senior group.

For education and internet access, Table 5 shows that the
magnitude of the contribution of internet attitude to material
access is larger among the less educated. Furthermore, internet
attitude contributes positively to internet skills in this group.
The contribution of material access to internet skills is also
larger in the lower-educated group, while the contribution to
internet health use is larger in the higher-educated group. The
contribution of internet skills to internet health use is larger in
the less-educated group. In relation to the different health
statuses, the results showed that physical functioning contributes
significantly more to internet attitude in the lower-educated
group, while the positive contribution to material access is larger
in the higher-educated group. For social functioning, there is a
negative effect on internet attitude and a positive effect on
material access in the higher-educated group. In the
lower-educated group, there are positive effects on internet skills
and internet heath use. Concerning mental health, the positive
contribution to internet attitude and the negative contribution
to material access are larger in the higher-educated group. For
perceived health, in the higher-educated group, there is a
significant effect on material access. Furthermore, there is a
larger significant effect on internet health use in the
higher-educated group. Finally, in the higher-educated group,
there is a negative effect of physical pain on material access.
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Table 5. Direct path coefficient comparisons for age and education.

High education levelLow education levelAge≥65 yearsAge<65 yearsPath

P ValueβP ValueβP ValueβP Valueβ

.02.08.27.03.46.03.01.06Internet attitude → health outcome

.74–.01.06.05.93–.00.18.04Material access → health outcome

<.001.12.01.07.02.11.12.04Internet skills → health outcome

<.001.48<.001.45<.001.42<.001.46Internet health use → health outcome

.002.13<.001.21<.001.24<.001.13Internet attitude → material access

.77.01<.001.14.003.14<.001.11Internet attitude → internet skills

.08–.07.06–.05.10.08.003–.08Internet attitude → internet health use

<.001.29<.001.36<.001.31<.001.28Material access → internet skills

<.001.21<.001.16.002.15<.001.16Material access → internet health use

<.001.25<.001.30<.001.23<.001.26Internet skills → internet health use

.04.10<.001.21.01.19<.001.18Physical functioning → internet attitude

<.001.16.01.10.08.13.03.08Physical functioning → material access

.04.10.01.10.80.02.01.08Physical functioning → internet skills

.02–.11.04–.08.10–.11.003–.10Physical functioning → internet health use

<.001–.25.94–.00.68.03<.001–.13Social functioning → internet attitude

<.001.19.15–.06.24–.08.21.05Social functioning → internet access

.31.06.01.10.07.13.04.07Social functioning → internet skills

.12.08.01.10.91.01.002.11Social functioning → internet health use

.003.14.01.10.64–.03<.001.17Mental health → internet attitude

.01–.12.02–.08.01.14.002–.10Mental health → material access

.06.09.33–.03.02.12.71.01Mental health → internet skills

<.001–.22<.001–.21.004–.16<.001–.21Mental health → internet health use

.34–.06.45–.04.31.08.03–.10Perceived health → internet attitude

<.001.24.10.08.02–.11<.001.19Perceived health → material access

.16.09.01.11.26.08.01.12Perceived health → internet skills

<.001.20<.001.15.20.10<.001.18Perceived health → internet health use

.02–.11.01–.10.04–.12.01–.09Physical pain → internet attitude

.01–.13.22–.04.59–.03.01–.09Physical pain → material access

.63–.02.78–.01.94–.00.71–.01Physical pain → internet skills

.44–.04.78–.01.05–.11.99–.00Physical pain → internet health use

Discussion

Principal Findings
This paper aimed to provide a comprehensive view of digital
inequality in relation to different health statuses among the
Dutch population. The study’s first goal was to reveal to what
extent the process of internet access is important to obtain health
outcomes. Internet attitude increases the likelihood of improving
material access, the development of internet skills, and internet
health use, suggesting that making online health apps attractive
for larger segments of the population is an important objective.
Material access, considered in this study as the diversity of the
devices used, is highly relevant, as it has significant relationships

with internet skills and internet health use. Individuals with
different devices to connect to the internet everywhere and at
all times of the day have more opportunities to develop internet
skills and use online health apps. Internet skills are, in turn,
required to use online health apps. The sequential nature of the
access stages does not suggest that improving material access
will automatically result in better internet skills or that a high
level of internet skills will automatically result in a large variety
of health-related internet use; all stages are, however, necessary
conditions. The results furthermore revealed that all 4 access
stages directly contribute to obtaining positive health outcomes,
suggesting that to make online health care attainable for the
general population, interventions should focus simultaneously
on all stages. For example, attitudes might be improved by
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considering issues of accessibility and usability of online health
information and services, material access by offering schemes
such as device donation, internet skills by training programs
tailored to the needs of people with different health statuses,
and online health apps by awareness programs. Such approaches
would require government, public, private, and nonprofit sector
organizations to collaborate.

The second goal of this paper was to reveal to what extent
different health statuses among the general population relate to
the internet access stages and thus to internet health outcomes.
The results confirmed that digital inequality research would
benefit from considering health as a predictor of internet attitude,
material access, internet skills, internet health use, and health
outcomes. However, a general conclusion is that we should go
beyond single self-reported measures of health, as different
health statuses among the general population make unique
contributions to the different internet access stages:

• Physical functioning contributes to internet attitude, material
access, and internet skills, likely because physical
limitations impact the process of taking up or learning how
to use technologies (eg, in the case of smaller tablets or
smartphones) [23]. Those with better physical functioning
make less use of online health information and services as
they have a relatively low need. Similarly, people with
specific diseases that hinder physical functioning have less
information need about their disease if they experience less
limitations (eg, in the case of rheumatoid arthritis) [24].

• Better social functioning contributes to better material
access and higher levels of internet skills. The importance
of social bonds to use technology has long been established
[25], and support from family, friends, or those that are
important to the individual’s life contributes to learning to
use a device or improving internet skills [26]. This is further
strengthened when mobile phones, tablets, or laptops further
enhance social connections and communication. Note that
for internet skills, research has shown that informal support
mainly works to apply basic skills [27]. The use of online
health information and services is higher for those with
poorer social functioning. This suggests that those whose
health restricts people from visiting friends and family are
more likely to seek health information online. This might
be the result of a higher need for online health information
and services but also of online health information serving
as a substitute for information received from peers.

• Concerning mental health, the results revealed a positive
contribution to internet attitude but a negative contribution
to material access. An explanation might be that those
suffering from mental health issues are more likely to
experience excessive internet use, which is supported by
the use of multiple devices to provide instant access at all
times [28]. Furthermore, mental health negatively
contributes to internet health use. As mental health is
reflective of general distress, it causes people to turn to the
internet for health information and services [29], apparently
despite their less positive attitude toward the internet.

• People who perceive their health as higher have greater
levels of material access and internet skills. A possible
explanation might be that higher health perceptions foster

social interactions that are supported by material access
and higher levels of internet skills in the case of online
social networking. The higher use of online health
information and services among those with higher health
perceptions seems to be inconsistent with prior research
[30]. This discrepancy might be related to the influence of
the COVID-19 pandemic in the survey period.

• Like poor physical functioning, physical pain negatively
affects internet attitude and material access, suggesting that
physical pain limits the use of certain devices and the
process of learning how to use the internet.

In relation to our third goal, the general conclusion is that the
contributions of the health statuses to the internet access stages
differ for age and education. The main findings concerning age
are that for seniors:

• internet attitude plays a more important role in obtaining
material access than for those aged under 65 years. An
important reason for seniors not to go online is a less
favorable attitude toward the internet [31]. A positive,
guided experience with the internet might motivate seniors
to move to the following stages of internet access [31].
Furthermore, seniors are most likely to benefit most from
accessible and usable apps [32].

• mental health plays a larger role in obtaining material access
and developing internet skills. This suggests that seniors
with mental health issues have a relatively high need for
support, a worthwhile finding as online health interventions
can reduce their mental health problems [33].

• perceived poor health hinders material access, suggesting
that seniors who believe they are in poor health consider
this as a barrier to interact with computer devices. This is
a missed opportunity, as smartphones, tablets, or laptops
might also be used as tools to enhance their perceived health
[34].

The main findings concerning education are that for those with
lower levels of education:

• internet attitude plays a larger role in obtaining material
access, consistent with prior research that showed that
education positively affects internet attitude [9]. Similar
suggestions discussed for seniors apply, although specific
approaches will be required.

• physical functioning is relatively important for developing
a favorable internet attitude. This might be explained by
the fact that lower-educated individuals are more likely to
suffer from limitations in physical functioning [35], which
could hinder the process of taking up and learning how to
use the internet.

• social functioning plays a relatively important role in the
development of internet skills and the use of online health
information and services. Unfortunately, lower-educated
individuals are less likely to perceive higher levels of
support in relation to health [36], making organizing access
to support an important objective.

• perceived health is relatively important for the development
of internet skills. This suggests that lower-educated people
who believe they are in poor health are more in need for
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skills training to make use of online health information and
services as compared to their higher-educated counterparts.

Limitations
A few limitations should be noted. The first is the study’s
cross-sectional design, which did not allow confirmation of
causal inferences about the association between health statuses
and internet access. Furthermore, we focused on the general
population, and the baseline status of the different health statuses
varied slightly. Effects might have been stronger when targeting
more people with serious conditions in relation to the 5 health
statuses, although that was not the purpose of this study. Finally,
we encourage further qualitative research to focus on the barriers
and facilitators for people with different health statuses when
using the internet to support their health needs.

Conclusion
To obtain positive health outcomes and make online health care
attainable for the general population, interventions should focus
simultaneously on internet attitude, material access, internet
skills, and internet health apps. However, issues of equality
need to be considered and digital inequality research would
benefit from considering health as a predictor of all 4 internet
access stages and health outcomes. Furthermore, studies among
the general population should go beyond single self-reported
measures of health as physical functioning, social functioning,
mental health, perceived health, and physical pain all
demonstrated unique contributions to the internet access stages.
The general conclusion is that different health statuses affect
internet access stages in different ways and, consequently, the
health-related opportunities that the internet offers. Further
complicating this issue is that such influence is moderated by
age and education.
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Abstract

Background: In the past decade, patient-accessible electronic health record (PAEHR) systems have emerged as an important
tool for health management both at the hospital level and individual level. However, little is known about the effects of PAEHR
portals on the survivorship of patients with chronic health conditions (eg, cancer).

Objective: This study aims to investigate the effects of the use of PAEHR portals on cancer survivors’ health outcomes and to
examine the mediation pathways through patient-centered communication (PCC) and health self-efficacy.

Methods: Data for this study were derived from the Health Information National Trends Survey (HINTS 5, Cycle 4) collected
from February 2020 to June 2020. This study only involved respondents who reported having been diagnosed with cancer (N=626).
Descriptive analyses were performed, and the mediation models were tested using Model 6 from the SPSS macro PROCESS.
Statistically significant relationships among PAEHR portal use, PCC, health self-efficacy, and physical and psychological health
were examined using bootstrapping procedures. In this study, we referred to the regression coefficients generated by min-max
normalization as percentage coefficients (bp). The 95% bootstrapped CIs were used with 10,000 resamplings.

Results: No positive direct associations between PAEHR portal use and cancer survivors’ health outcomes were found. The
results supported the indirect relationship between PAEHR portal use and cancer survivors’ psychological health via (1) PCC
(bp=0.029; β=.023, 95% CI .009-.054), and (2) PCC and health self-efficacy in sequence (bp=0.006; β=.005, 95% CI .002-.014).
Besides, the indirect association between PAEHR portal use and cancer survivors’ physical health (bp=0.006; β=.004, 95% CI
.002-.018) via sequential mediators of PCC and health self-efficacy was also statistically acknowledged.

Conclusions: This study offers empirical evidence about the significant role of PAEHR portals in delivering PCC, improving
health self-efficacy, and ultimately contributing to cancer survivors’ physical and psychological health.

(J Med Internet Res 2022;24(10):e39614)   doi:10.2196/39614

KEYWORDS

electronic health record; patient-centered care; health self-efficacy; cancer survivors; physical health; psychological health

Introduction

Cancer is among the leading causes of death worldwide,
accounting for about 10 million deaths in 2020 [1]. In 2021, 1.9
million new cancer cases were diagnosed and over 600,000
cancer deaths were estimated in the United States [2]. Due to

the growing and aging population as well as increases in early
diagnoses and advances in cancer treatments, the number of
cancer survivors continues to increase [3]. According to the
National Cancer Institute, “An individual is considered a cancer
survivor from the time of diagnosis, through the balance of his
or her life” [4]. Cancer is viewed as a chronic illness, and cancer
survivors face ongoing health challenges that call for unique
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and long-term survivorship care. This is because physical
problems such as functional disability and impairment and
psychological disorders due to illness and aggressive treatments
might persist throughout cancer survivors’ lifetime [3,5]. As
such, delivering high-quality and long-term health care for
cancer survivors becomes a major challenge facing public health.

The maintenance of long-term cancer treatment plans requires
effective patient-provider communication and coordination of
cancer survivorship care [6,7]. Health care information
technology has brought about a massive change in cancer care.
The transition to patient-accessible electronic health record
(PAEHR) systems has changed the way patients and providers
engage in health care by facilitating access to patient information
(eg, test results) [8], allowing timely and efficient
patient-provider communication [9], reducing medical errors
[10], educating patients with accessible and affordable health
materials [11], and enhancing the privacy and security of patient
data [12]. Therefore, researchers generally agree that PAEHR
portals have the potential to improve health through
evidence-based medicine and effective care coordination [13].
For instance, Wani and Malhotra [14] provided empirical
evidence supporting that the assimilation of PAEHRs at a
hospital-wide level can help deliver quality care and services,
which in turn improve patients’ health outcomes. A systematic
review conducted by Kruse et al [13] identified a variety of
facilitators of PAEHRs that can improve population health,
including the enhancement in productivity/efficiency, the
increase in the quality of patient data, and more flexible data
management. Nevertheless, the majority of existing studies have
inevitably investigated the PAEHR system from perspectives
on professionals’ innovation adoption [15] or organizational
management [16]. There remains a paucity in the literature on
the use of PAEHR portals and health outcomes from patient
perspectives. To address this literature gap, our study aims to
investigate how PAEHR portal use influences cancer survivors’
health outcomes.

The Chronic Care Model (CCM) provides a framework for
understanding the mechanisms through which health care
provided via PAEHR portals influences patients’ health
outcomes [17]. Six key interdependent components of CCM
that are essential for care delivery have been identified: (1)
health system support, (2) delivery system design, (3) clinical
information systems, (4) community resources, (5) decision
support, and (6) self-management support. Researchers suggest
that the PAEHR portal may be a prominent tool that incorporates
the key elements of CCM and determines the success of care
delivery and health management [18]. CCM relies on the use
of health information technology for both public and private
health care systems to facilitate the provision of longitudinal
and patient-centered care, improve patient engagement, and
empower patients with self-care skills to manage chronic illness
[18,19]. Gee et al [19] proposed a revised CCM—eHealth
enhanced CCM (eCCM)—and explicated that the use of eHealth
technologies can help improve chronic care (eg, through
patient-centered communication [PCC], clinical decision
support, information provision, health education). Consequently,
experienced PAEHR users have higher health self-efficacy and
can achieve improved health outcomes [19].

Proponents of the eCCM contend that eHealth adoption, referred
to in this study as PAEHR portal use, is likely to impact health
outcomes through indirect pathways, which comprise proximal
outcomes (eg, effective patient-provider communication) of
eHealth that then influence health or that contribute to
intermediate outcomes (eg, health self-efficacy) that lead to
improved distal health outcomes [19]. Rathert et al [20] provide
tentative support for the serial mediation effect of PCC and
health self-efficacy in the relationship between PAEHR portal
use and health outcomes. PCC is about delivering health care
that relies upon effective communication and empathy to meet
individual patient preferences, needs, and values [21,22]. Health
self-efficacy refers to people’s beliefs regarding one’s
capabilities to execute the courses of action to improve health
[23]. There is a general consensus that the PAEHR is more than
a tool that serves for patient data collection and information
exchange. It is a “third agent” during patient care encounters
that essentially improves PCC [20,24]. For example, patients
who used PAEHR portals prior to doctor visits reported that
communication with their physicians improved considerably
[25]. This is because the patient data in the PAEHR system
enables providers to monitor patients’symptoms and medication
adherence [26]. Physicians thus would spend much time and
pay more attention to patients during clinical encounters [27].
Meanwhile, patients who used PAEHR portals perceived more
PCC, as they felt empowered to ask questions or offer comments
regarding their health problems [24,28]. By this token, PAEHR
portal use and PCC can facilitate patients’ management of their
health and should eventually contribute to health improvement
[20,21,29]. Street et al [29] proposed a pathway model of health
communication and suggested that, in most cases, PCC affects
patient health through a more indirect route via an intermediate
outcome of communication, such as health self-efficacy. It is
understandable that PCC can increase patients’ health
self-efficacy because providers’ clear explanations and
expressions of support could increase patient knowledge and
shared understanding, motivate patients to follow through with
treatment recommendations, and thus improve patients’
confidence in self-care management.

Following this line, 2 mediators—PCC and health
self-efficacy—were conceptualized as the proximal and
intermediate outcomes of PAEHR portal use, respectively.
Previous research that examined related variables has provided
empirical support. For instance, Madhavan et al [30] found that
due to the transportability and interoperability, effective use of
PAEHR contributes to improved PCC, which plays a cardinal
role in cancer survivors’ health management. Guo et al [31]
found that eHealth adoption (eg, seeking web-based health
information and using health apps) was significantly associated
with improved self-care skills, which further led to more positive
self-rated health among Taiwanese patients with chronic diseases
[31]. Liu and Yeo [22] conceptualized a framework, suggesting
that web-based patient-provider communication via eHealth
technologies may improve patients’ quality of life through
sequential mediators of patient-centered care and health
management skills. Building on prior research, this study aims
to examine the relationships among cancer survivors’ PAEHR
portal use, PCC, health self-efficacy, and health outcomes.
Moreover, the mediation roles of PCC and health self-efficacy
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were tested. Thus, the following direct and indirect relationships
between PAEHR portal use and cancer survivors’ health
outcomes (see Figure 1) were proposed:

Hypothesis 1: PAEHR portal use is positively related to cancer
survivors’ health outcomes.

Hypothesis 2: PCC mediates the relationship between PAEHR
portal use and cancer survivors’ health outcomes.

Hypothesis 3: Health self-efficacy mediates the relationship
between PAEHR portal use and cancer survivors’ health
outcomes.

Hypothesis 4: PCC and health self-efficacy sequentially mediate
the relationship between PAEHR portal use and cancer
survivors’ health outcomes.

Figure 1. Pathways between patient-accessible electronic health record portal use and health outcomes. a1, a2, b1, b2, and l1 indicate the pathways and
the effects. PAEHR: patient-accessible electronic health record; PCC: patient-centered communication.

Methods

Study Design and Sample Population
Data for this study were derived from the Health Information
National Trends Survey (HINTS 5, Cycle 4) collected from
February 2020 to June 2020. HINTS is administered by the
National Cancer Institute in the United States to collect
nationally representative data about American adults’ access to
health-related information, health behaviors, and health
outcomes. The survey design and sampling procedures for
HINTS have been explicated extensively in previous research
[32]. The final sample of HINTS 5, Cycle 4 consisted of 3865
respondents (response rate=36.7%) of the 10,531 participants.
This study only involved respondents who reported having been
diagnosed with cancer (N=626).

Ethical Considerations
This study used secondary data. The HINTS data meet strict
ethical standards and have obtained ethics approval. Informed
consent has been obtained from all participants, and all methods
were carried out in accordance with relevant guidelines and
regulations.

Measures
PAEHR portal use was measured by asking respondents whether
they had accessed patient portals of PAEHR in the past year for
certain eHealth activities [33]. Three items were included: “Look
up test results,” “securely message health care provider and
staff,” and “download health information to computer or mobile

device.” Responses were dichotomous (no=0, yes=1) and added
up to represent PAEHR portal use (mean 1.726, SD 0.575).

PCC consisted of 7 statements that assessed patients’perceptions
of communication with all doctors, nurses, or other health
professionals in the past 12 months [21,34]. A 4-point Likert
scale (1=always, 4=never) was used. Responses to the 7
statements were reversely coded and averaged to create the
index of PCC, and higher values represent high levels of PCC
(mean 3.414, SD 0.607; Cronbach α=.93).

Health self-efficacy was measured using 1 item to assess one’s
ability to take care of his/her health on a 5-point scale from 1
(completely confident) to 5 (not confident at all) [23].
Respondents’answers were reversely scored, and a higher score
represented a higher level of health self-efficacy (mean 3.804,
SD 0.812).

Physical health was measured by 4 items on comorbidities,
drawn from prior research of similar measures [35]. Respondents
were asked whether they had been told by a doctor or another
health professional that they had medical conditions such as (1)
diabetes or high blood sugar; (2) high blood pressure or
hypertension; (3) a heart condition such as heart attack, angina,
or congestive heart failure; and (4) chronic lung disease, asthma,
emphysema, or chronic bronchitis. Responses to these items
were dichotomous (no=0, yes=1). The answers were added up,
and a higher value indicated better physical health (mean 2.748,
SD 1.082).

Psychological health was measured by 4 items derived from
previous research [36]. Sample items included “feeling down,
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depressed, or hopeless” and “feeling nervous, anxious, or on
edge.” The 4 items were measured on a 4-point scale (1=nearly
every day to 4=not at all) and averaged to form a composite
score representing psychological health (mean 3.502, SD 0.706;
Cronbach α=.88). A higher value suggests better psychological
health. The descriptive details of the focal variables are shown
in Tables 1-4.

The control variables included demographics such as age, gender
(male=1, female=0), education (less than 8 years=1,
postgraduate=7), annual household income (US $0-9999=1, US
$200,000 or more=9), and race (non-Hispanic White=1,
others=0).

Table 1. Descriptive statistics of the patient-accessible electronic health record portal use and physical health of the participants (N=626).

NonvalidNoYes

Patient-accessible electronic health record portal use, n (%)

338 (53.9)36 (5.8)252 (40.3)Look up test results

340 (54.3)110 (17.6)176 (28.1)Securely message health care provider and staff

340 (54.3)218 (34.8)68 (10.9)Download health information to computer or mobile device

Physical health, n (%)

10 (1.6)440 (70.3)176 (28.1)Diabetes or high blood sugar

8 (1.3)244 (39)374 (59.7)High blood pressure or hypertension

8 (1.3)527 (84.2)91 (14.5)A heart condition such as heart attack, angina, or congestive heart failure

8 (1.3)486 (77.6)132 (21.1)Chronic lung disease, asthma, emphysema, or chronic bronchitis

Table 2. Descriptive statistics of patient-centered communication (N=626).

Nonvalid, n (%)Never, n (%)Sometimes, n (%)Usually, n (%)Always, n (%)Patient-centered communication

49 (7.8)3 (0.5)39 (6.2)142 (22.7)393 (62.8)Give you the chance to ask all the

health-related questions you had

56 (8.9)23 (3.7)83 (13.3)185 (29.6)279 (44.6)Give the attention you needed to your feelings and emo-
tions

50 (7.9)7 (1.1)65 (10.4)180 (28.8)324 (51.8)Involve you in decisions about your health care as much
as you wanted

49 (7.8)3 (0.5)43 (6.9)169 (27)362 (57.8)Make sure you understood the things you needed to do
to take care of your health

50 (7.9)3 (0.5)43 (6.9)164 (26.2)366 (58.5)Explain things in a way you could understand

51 (8.2)17 (2.7)73 (11.7)193 (30.8)292 (46.6)Spend enough time with you

56 (9)29 (4.6)90 (14.4)191 (30.5)260 (41.5)Help you deal with feelings of uncertainty about your
health or health care

Table 3. Descriptive statistics of health self-efficacy (N=626).

NonvalidNot confident at allA little confidentSomewhat confidentVery confidentCompletely confidentHealth self-efficacy

4 (0.6)6 (1)28 (4.5)159 (25.4)318 (50.8)111 (17.7)How confident are you about
your ability to take good care
of your health, n (%)

Table 4. Descriptive statistics of psychological health (N=626).

Nonvalid, n (%)Not at all, n (%)Several days, n (%)More than half
the day, n (%)

Nearly every day,
n (%)

Psychological health

15 (2.4)404 (64.5)123 (19.6)53 (8.5)31 (5)Little interest or pleasure in doing things

19 (3)436 (69.6)122 (19.5)31 (5)18 (2.9)Feeling down, depressed, or hopeless

15 (2.5)389 (62.1)163 (26)29 (4.6)30 (4.8)Feeling nervous, anxious, or on edge

17 (2.8)424 (67.7)112 (17.9)44 (7)29 (4.6)Not being able to stop or control worrying
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Data Analysis
Data analysis was performed using SPSS version 26 (IBM
Corp). First, the MEAN () function was used to compute the
mean of multiple-item variables that at least one item has a valid
value or single-item variables that have valid values. Otherwise,
the cases were considered missing in the following analysis.
Besides, as a complementary technique, min-max normalization
[37] was introduced to compare the estimates of all the paths
in the mediation model. Specifically, all research variables were
converted into a common measurement scale of 0 to 1. For
example, we can subtract 1 from a 5-point rating to adjust the
scale to start at 0 and then divide it by 4 to compress the scale.
In this study, we referred to the regression coefficients generated
by min-max normalization as percentage coefficients (bp)
[38,39]. Second, the mean substitution was used for all missing
cases. Third, descriptive statistics was analyzed. Fourth, the

mediation models were tested using Model 6 from the SPSS
macro PROCESS; statistically significant relationships among
PAEHR portal use, PCC, health self-efficacy, and physical and
psychological health were examined using bootstrapping
procedures. The 95% bootstrapped CIs were used with 10,000
resamplings.

Results

The mean age of the cancer survivors was 67.46 (SD 13.19;
range 19-104) years. There were more female respondents
(370/626, 59.1%) than male respondents (256/626, 40.9%). The
majority of the participants had received some college education
(405/626, 64.7%), were non-Hispanic White (428/626, 68.4%),
and had annual household income between US $35,000 and US
$74,999 (259/626, 41.4%). The detailed demographic
information is summarized in Table 5.

Table 5. Sample population characteristics (N=626).

ValueCharacteristic

67.46 (13.19)Age in years, mean (SD)

Gender, n (%)

256 (40.9)Male

370 (59.1)Female

Education, n (%)

14 (2.2)Less than 8 years of education

29 (4.6)8-11 years of education

132 (21.1)12 years of education or completed high school

46 (7.3)Post high school training other than college

143 (22.8)Some college

145 (23.2)College graduate

117 (18.7)Postgraduate

Annual income (USD), n (%)

33 (5.3)0-9999

34 (5.4)10,000-14,999

37 (5.9)15,000-19,999

79 (12.6)20,000-34,999

87 (13.9)35,000-49,999

172 (27.5)50,000-74,999

58 (9.3)75,000-99,999

94 (15)100,000-199,999

32 (5.1)200,000 or more

Race, n (%)

428 (68.4)Non-Hispanic White

198 (31.6)Others

Hypothesis 1 posited that PAEHR portal use is positively related
to cancer survivors’ health outcomes. Table 6 shows that there
was no significant direct association between PAEHR portal
use and cancer survivors’ health outcomes, irrespective of the

physical or psychological health. Thus, hypothesis 1 was not
supported.

Hypothesis 2 predicted that PCC mediates the relationship
between PAEHR portal use and cancer survivors’ health
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outcomes. As depicted in Table 6, PAEHR portal use was
significantly and positively associated with PCC (bp=0.131;
β=.125, 95% CI .048-.214; P=.002) in the 2 models. Meanwhile,
PCC was positively associated with cancer survivors’
psychological health (bp=0.270; β=.269, 95% CI .258-.461;
P<.001). No significant relationship between PCC and cancer
survivors’ physical health was acknowledged. The results
indicated that PCC indeed mediated the relation between
PAEHR portal use and cancer survivors’ psychological health
(bp=0.029; β=.023, 95% CI .009-.054), whereas the counterpart
effect failed to pass the statistical threshold (95% CI contained
zero) for physical health. Hypothesis 2 was partially supported.

Hypothesis 3 predicted that PAEHR portal use might increase
cancer survivors’ health outcomes through the mediation of
association with health self-efficacy. The mediation effects in
the 2 models were statistically unacknowledged. Thus,
hypothesis 3 was not supported.

Hypothesis 4 predicted that PAEHR portal use will be related
to cancer survivors’ health outcomes through the serial
mediation of PCC and health self-efficacy. As shown in Table
6, the indirect relationship between PAEHR portal use and
cancer survivors’ physical health (bp=0.006; β=.004, 95% CI
.002-.018) and between PAEHR portal use and psychological
health (bp=0.006; β=.005, 95% CI .002-.014) via sequential
mediators of PCC and health self-efficacy were statistically
acknowledged, thereby supporting hypothesis 4.

Table 6. Mediation modelsa.

P valuec95% CISEβbp
b

Dependent variable: Psychological health (Model 1)

.002.048 to .214.042.1250.131PAEHRd→PCCe (a1 path)

.59–.078 to .137.055.0210.022PAEHR→Health self-efficacy (a2 path)

<.001.258 to .461.052.2690.270PCC→Health self-efficacy (l1 path)

<.001.127 to .306.046.1860.217PCC→Psychological health (b1 path)

<.001.068 to .202.034.1560.181Health self-efficacy→Psychological health (b2 path)

.73–.108 to .075.046–.013–0.016PAEHR→Psychological health (direct effect, d path)

.64–.072 to .117.048.0180.023PAEHR→Psychological health (total effect, c path)

N/Af.009 to .054.012.0230.029PAEHR→PCC→ Psychological health (indirect effect, a1xb1)

N/A.002 to .014.003.0050.006PAEHR→PCC→ Health self-efficacy→Psychological health (indirect effect, a1xb2xl1)

N/A–.012 to .020.008<.0010.004PAEHR→Health self-efficacy→Psychological health (indirect effect, a2xb2)

Dependent variable: Physical health (Model 2)

.002.048 to .214.042.1250.131PAEHR→PCC (a1 path)

.59–.078 to .137.055.0210.022PAEHR→Health self-efficacy (a2 path)

<.001.258 to .461.052.2690.270PCC→Health self-efficacy (l1 path)

.81–.120 to .154.070.0100.013PCC→Physical health (b1 path)

.001.066 to .270.052.1260.168Health self-efficacy→Physical health (b2 path)

.55–.183 to .096.071–.023–0.032PAEHR→Physical health (direct effect, d path)

.69–.168 to .112.071–.015–0.021PAEHR→Physical health (total effect, c path)

N/A–.020 to .024.011.0010.002PAEHR→PCC→Physical health (indirect effect, a1→b1)

NA.002 to .018.004.0040.006PAEHR→PCC→Health self-efficacy→Physical health (indirect effect, a1→b2→l1)

N/A–.015 to .026.010.0030.004PAEHR→Health self-efficacy→Physical health (indirect effect, a2→b2)

aa1, a2, b1, b2, and l1 in this table indicate the pathways between patient-accessible electronic health record portal use and health outcomes and the
effects.
bRegression coefficient generated by min-max normalization as percentage coefficient.
cP values are not computed for bootstrapped indirect effects.
dPAEHR: patient-accessible electronic health record.
ePCC: patient-centered communication.
fN/A: not applicable.
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Discussion

Principal Findings
In light of the existing literature on the robust salutary effects
of PAEHR portals on patient health, our study examined the
effects of PAEHR portal use on cancer survivors’ health
outcomes as well as the mediating roles of PCC and health
self-efficacy. The results of our study indicated that the
significant effect of PAEHR portal use on cancer survivors’
physical and psychological health was indirect through the
mediated associations with PCC and health self-efficacy.

The direct association between PAEHR portal use and cancer
survivors’ health outcomes is not acknowledged in this study.
The findings of our study emphasize the mediation mechanisms
through which the PAEHR portal use exerts an influence on
cancer survivors’physical and psychological health, which were
in accordance with that reported in previous research that
theorizes the process through which PAEHR may impact patient
health [20]. Rathert et al’s [20] and Street et al’s [29] pathway
models provide the needed theoretical foundation for this study,
supporting that several steps must occur for health improvement
to be influenced by cancer survivors’ PAEHR portal use. First,
PAEHR portals serve as a tool that facilitates patient-provider
communication. Physicians should incorporate PAEHR systems
to provide PCC that supports patients in making informed health
care decisions that are consistent with their needs, values, and
preferences. Unless PCC is improved, PAEHR portal use will
not increase patients’ health self-efficacy and improve their
health outcomes. Although previous research has identified the
association between PAEHR and patient health, we investigated
the mediating mechanisms (the process) through which PAEHR
impacts patient health.

PCC and health self-efficacy were identified as the intrinsic and
extrinsic factors of PAEHR, respectively, that help explain how
PAEHR portal use influences patients’ health outcomes. The
results of our study suggest that PCC can partially mediate the
relationship between PAEHR portal use and cancer survivors’
psychological health. The mediation results indicated that the
more cancer survivors use the PAEHR portals to stay informed
about their health and communicate with health care
professionals, the more likely they are to perceive PCC, which
in turn results in more positive psychological health. A plausible
reason is that the increasing accessibility to health professionals
and patient information facilitated by PAEHR systems may
enhance patient involvement in their health care decision-making
[40]. Through PAEHR portals, cancer survivors are likely to
be informed about their health status, be well educated with
adequate health information, and have convenient access to
health care professionals for medical guidance [41]. As a result,
patients feel more engaged in PCC, which helps better
understand their health and motivate them to stay positive and
improve their psychological health [42-44]. However, PCC has
no mediation effect between PAEHR portal use and cancer
survivors’ physical health. This might be because the research
sample of this study consisted of 626 cancer survivors with an
average age >60 years, and they were likely to have inferior
health status. PCC could not improve physical health unless

patients were equipped with the necessary health skills. This
assumption was supported by the sequential mediation effect
of PCC and health self-efficacy between PAEHR portal use and
cancer survivors’ health outcomes.

The results of our study showed that PCC is positively
associated with health self-efficacy, and higher levels of health
self-efficacy can enhance cancer survivors’ physical and
psychological health. This finding was consistent with prior
research, suggesting that PCC may empower patients, help
increase their self-care skills, and provide the needed
information and support to facilitate patients’ health
management [45,46]. Furthermore, improved health self-efficacy
can help people take care of their physical and psychological
health, and this finding was congruent with previous findings
[47-49]. Our results provide empirical evidence of the indirect
effect of PAEHR portal use on cancer survivors’ health
outcomes through PCC and health self-efficacy.

Comparison With Prior Work
Our study in comparison with previous work has heuristic value
for public health research in several ways. First, the findings of
our study offer empirical support for eCCM [19] and Rathert
et al’s [20] pathway model in understanding the process through
which PAEHR impacts patient health. Second, this study extends
the current literature by investigating the usability of eHealth
technologies in delivering longitudinal survivorship care for
patients with chronic diseases as well as examining the
mediation roles of PCC and health self-efficacy. Our findings
stressed PCC as the salient intrinsic factor of PAEHR that helps
improve patients’ health self-efficacy and prompts them into
action to maintain their health. The mediation effects provide
a more nuanced understanding of the mechanisms underlying
the association between PAEHR portal use and patients’ health
outcomes. This model was established in several hypotheses
by which the assumptions have been shown tenable. This study
thus helps consolidate past research on the relationships between
PAEHR portal use and patients’ physical and psychological
health.

This study also has important practical implications. First, given
the important role of electronic means for health management,
multifaceted strategies should be implemented to promote the
assimilation of PAEHR at both institutional and individual
levels. For example, through patient education and support,
patients can gain knowledge about PAEHR and be encouraged
to integrate PAEHR into their health care in everyday life.
Besides, we should also encourage medical professionals to
engage in PAEHR systems to provide customized health care
services. For example, a medical professional can provide
detailed explanations for certain clinical decisions through
PAEHR portals, and patients can access and revisit the messages
that can facilitate their self-care practices [50]. Second,
considering the significant role of PAEHR portals, we should
continue to develop information technology infrastructure to
improve the accessibility of high-quality and long-term
survivorship care. For example, patients who live remotely with
low-speed internet and people who have poor internet skills
may not benefit from the convenience and great efficiency
brought by the internet for medical consultations [47]. Thus,
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information and communication technology companies should
expand high-speed internet provisions to the other regions and
deliver benefits to more people and communities. In addition,
we should provide continuous support to help individuals
overcome the barriers encountered in using PAEHR portals for
health management [51]. Third, strict policies for web-based
health service regulation should be implemented to protect
patients’ information and to ensure a safe PAEHR environment.
In parallel with the governmental measures, it is equally
important to educate patients about their rights to access health
data and responsibilities for personal information security.
Fourth, considering the effect of PCC, it is important to help
patients more actively participate in health consultations as well
as provide training to physicians in delivering empathetic,
mindful, informative, and patient-centered care.

Limitations and Directions for Future Research
Several limitations of this study should be noted. First, owing
to the cross-sectional design of HINTS, we know little about
the causal inferences of relationships examined in this study.
Further research should collect panel data or use experimental
research designs to better understand the relationships among
PAEHR portal use, PCC, health self-efficacy, and health
outcomes. Second, according to CCM and eCCM, there are 6
key components of eHealth technologies for care delivery, such
as health system support and delivery system design. However,
PAEHR portal use in this study was measured using 3 items,
that is, patients’ past experience in PAEHR portal use for
checking test results, patient-provider communication, and
health information acquisition. We know little about the
influence of other aspects of PAEHR portal use. To our
knowledge, no study has examined the usability of PAEHR
system design and how it impacts patient-provider
communication and patients’ health maintenance. Besides,
PAEHR portal use was examined as an integrated concept, and
we hardly know how different types of PAEHR portal usage
may affect patient health differently. Based on this study, future
research should take into account the different use dimensions

of PAEHR systems or the different types of PAEHR portal
usage and compare their different influences. Third, PCC and
health self-efficacy were identified as the mediators in the
relationship between PAEHR portal use and cancer survivors’
health outcomes. Other potential interveners might be
overlooked. Researchers should further extend the model and
identify other mediators (eg, knowledge) or moderators (eg,
health literacy, digital literacy) that significantly influence
PAEHR portal users’ health-related outcomes. Fourth, the
research findings of our study might be impacted by sampling
bias. For example, more than half of the respondents were aged
between 60 years and 80 years (mean 67.46 years) and had at
least completed some college education. It is recommended that
a more representative sample be analyzed to better understand
the full range of cancer survivors’PAEHR portal use. Moreover,
our study focused on cancer survivors, and the results may not
be generalizable to other populations. PAEHR portals can likely
be helpful and useful for people with other chronic conditions
such as diabetes and asthma. Thus, researchers should replicate
this work in other populations to obtain more tentative evidence,
thereby supporting the positive association between PAEHR
portal use and health outcomes.

Conclusion
This study offers empirical evidence on the influence of PAEHR
portal use on cancer survivors’ physical and psychological
health. Although electronic technologies have been widely
applied in health care settings, the adoption rate of PAEHR
among patients remains low. This study suggests that PAEHR
portal use is vital in delivering longitudinal survivorship care
for cancer survivors. In particular, the influence of PAEHR
portal use on health outcomes may be indirect through the
mediated associations with PCC care and health self-efficacy.
Understanding these relationships can help increase the use of
PAEHR portals, promote PCC, enhance patients’ health
self-efficacy, and eventually improve their physical and
psychological health.
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Abstract

Background: As of 2021, 89% of the Australian population are active internet users. Although the internet is widely used, there
are concerns about the quality, accuracy, and credibility of health-related websites. A 2015 systematic assessment of infant feeding
websites and apps available in Australia found that 61% of websites were of poor quality and readability, with minimal coverage
of infant feeding topics and lack of author credibility.

Objective: We aimed to systematically assess the quality, interactivity, readability, and comprehensibility of information
targeting infant health behaviors on websites globally and provide an update of the 2015 systematic assessment.

Methods: Keywords related to infant milk feeding behaviors, solid feeding behaviors, active play, screen time, and sleep were
used to identify websites targeting infant health behaviors on the Google search engine on Safari. The websites were assessed by
a subset of the authors using predetermined criteria between July 2021 and February 2022 and assessed for information content
based on the Australian Infant Feeding Guidelines and National Physical Activity Recommendations. The Suitability Assessment
of Materials, Quality Component Scoring System, the Health-Related Website Evaluation Form, and the adherence to the Health
on the Net code were used to evaluate the suitability and quality of information. Readability was assessed using 3 web-based
readability tools.

Results: Of the 450 websites screened, 66 were included based on the selection criteria and evaluated. Overall, the quality of
websites was mostly adequate. Media-related sources, nongovernmental organizations, hospitals, and privately owned websites
had the highest median quality scores, whereas university websites received the lowest median score (35%). The information
covered within the websites was predominantly poor: 91% (60/66) of the websites received an overall score of ≤74% (mean 53%,
SD 18%). The suitability of health information was mostly rated adequate for literacy demand, layout, and learning and motivation
of readers. The median readability score for the websites was grade 8.5, which is higher than the government recommendations
(<grade 8). Overall, 74% (49/66) of the websites obtained a poor rating for interactivity, measuring active control, 2-way
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communication, and synchronicity. The most common features found on websites were social media links (61/66, 92%), frequently
asked questions (48/66, 73%), and videos (44/66, 67%). Only 14% (9/66) of websites presented culturally responsive information.

Conclusions: Quality, content, readability, and interactivity of websites promoting health behaviors during infancy ranged
between poor and adequate. Since the 2015 systematic assessment, there was a slight improvement in the quality of websites but
no difference in the Suitability Assessment of Materials rating and readability of information. There is a need for researchers and
health care providers to leverage innovative web-based platforms to provide culturally competent evidence-based information
based on government guidelines that are accessible to those with limited English proficiency.

(J Med Internet Res 2022;24(10):e38641)   doi:10.2196/38641

KEYWORDS

breastfeeding; bottle feeding; websites; web-based platform; infant food; readability; accuracy; consumer; health information;
interactivity; solid food; quality; grading; comprehensibility; infant; baby; babies; feeding; food; eating; nutrition; health behavior;
web-based information; health website; sleep; screen time; rating

Introduction

Background
With technological advances and developments, internet access
continues to increase [1]. Globally, approximately 4.53 billion
people have access to web portals [2,3], with more than half
using mobile devices and 38.5% using desktop computers to
access the internet worldwide [4]. Increasingly, internet users
are making use of the availability of web-based resources, with
approximately 4.5% of all internet searches looking for
health-related information [5-7]. Recently, nationwide
lockdowns, social distancing, and restrictions due to the
COVID-19 pandemic have led to an inevitable surge in internet
use among individuals, including parents of young children, to
seek health information on the web [8,9] and by health care
practitioners to assist in service delivery [10,11]. Given that the
internet offers considerable opportunities for immediate and
easy access to web-based resources, it has become a significant
medium for the dissemination of health-related information.

A universal growing demand for, and use of, web-based
resources related to child health information is evident [12-15].
The consolidated behavior of using web-based resources for
health information is particularly common among new and
expecting parents, where they most frequently search the internet
for information related to infant nutrition, development, social
support, and health symptoms [16-22]. A 2016 Australian survey
found that more than 73% of parents with children aged <5
years used websites and web-based forums to access child
health–related information [23]. Interestingly, 30% of those
parents reported not trusting the information sources [23].
Another recent study in Switzerland showed that 91% of parents
with at least one child aged <2 years used the internet to search
for information related to their child’s health and development
[24]. The most frequently used sources reported were search
engines (55%) and websites for parents (47%) [24]. Although
the majority used the internet to search for health-related
information, a large percentage of parents were skeptical about
the trustworthiness of the web-based resources and their ability
to correctly interpret the reliability of the health information
they found [24]. This highlights the need for, and importance
of, accessible websites to present health information accurately
while ensuring it can be easily understood by their intended
users.

This study updates and expands on a 2015 systematic assessment
of infant feeding websites and mobile apps available in Australia
[25]. The update of apps has been recently conducted by Cheng
et al [26] in 2020. Hence, this study focused on updating and
expanding the assessment of websites globally. The 2015
assessment found that 61% of Australian websites were of poor
quality, with minimal coverage of infant feeding topics, lack of
author credibility, and abstruse readability of content [25]. Since
the publication of the 2015 systematic assessment, several other
website assessments reviewing information related to infant
health behaviors have identified similar findings [27,28]. A
Korean study reported that websites were scored poorly when
evaluated for availability, quality, and reliability of infant health
information on the web [27]. Moreover, a recent analysis of 197
websites addressing preterm infants’ health information also
found that the overall quality of websites was low to moderate
in terms of reliability and content [28]. Provision of inadequate
or incomplete infant health information on the web could result
in parental confusion, apprehension, and poorer care for infants
when parents are unable to evaluate the accuracy and credibility
of the web-based information.

Over the past 10 years, websites have evolved from static read
only to a more interactive and fully immersive experience
[29,30]. Since the 2015 assessment of websites [25], there has
been a marked growth in bandwidth levels enabling the design
of more sophisticated websites to offer consumer-oriented health
information in various interactive ways, such as videos, parent
forums, podcasts, and multilingual options that have provided
a context to support culturally diverse people across the world
[31-38]. In addition, the emergence of artificial intelligence and
machine learning since 2016 has given rise to chatbot technology
that simulates human-like conversations to provide consumers
with support and relevant information [39]. This has been tested
and proven to be successful among parents of young infants
searching for information related to infant sleep and feeding
practices [40].

Objective
With more parents resorting to web-based sources to seek infant
health information, it is imperative for resources on the internet
to reflect the latest infant and child health guidelines. Therefore,
the aim of this study was to update the 2015 systematic
assessment of websites [25] by evaluating the content,
suitability, readability, comprehensibility, and quality of
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information targeting infant nutrition, active play, screen time,
and sleep behaviors on websites globally. In addition, this review
expanded the 2015 systematic assessment [25] by examining
interactivity, features, and cultural considerations of the
websites.

Methods

Study Design
A systematic search and assessment were conducted to identify
and evaluate websites targeting infant feeding, active play,

screen time, and sleep behaviors between July 2021 and
February 2022. As shown in Table 1, a range of validated tools
was used to assess the selected websites. Details of the
evaluation tools are described in Multimedia Appendix 1, and
the details of the methods are given in Multimedia Appendix
2.

Table 1. Comparison of the systematic assessment between the 2015 assessment and this study.

Systematic assessmentCriteria

20212015

Website selection

✓Australian websites only

✓Global websites including Australian websites

Topic areas

✓✓Milk feeding practices (breastfeeding and formula)

✓✓Solid feeding behaviors

✓Infant active play

✓Infant screen time

✓Infant sleep

Scope, accuracy, and depth of information

✓Excel spreadsheet built with an assessment criterion of 8 topics and 22 subtopics

✓Comprehensive REDCapa tool built with an assessment criterion of 9 topics and 65 subtopics

Quality assessment

✓✓Quality Component Scoring System

✓✓Health-Related Website Evaluation Form

✓✓Adherence to the Health on the Net code

Suitability of information

✓✓The Suitability Assessment of Material

Readability

✓✓Flesch-Kincaid

✓✓Simple Measure of Gobbledygook

✓Consensus based on 7 readability formulas

Website interactivity and features

✓The interactivity scale (15 items)

✓Interactive features on websites

✓Addresses culture

aREDCap: Research Electronic Data Capture.

Stage 1: Website Selection

Overview
Websites were identified using the Chrome browser and Google
search engine. All cookies and search history were erased from
the web browser to ensure no previous web-based activities

influenced the search results. The search terms were Infant
feeding, Baby food, Breast feeding, Infant feeding to appetite,
Infant formula feeding, Introducing solid foods to baby, Good
foods to start baby with no teeth, Best puree for babies, Solids
and fussy babies, Solids and milk feeding, Infant active play,
Tummy time, Screen time, Infant sleep, Baby co-sleep. These
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key terms were identified from questions asked in Facebook
groups that consisted of parents with infants and from “related
searches” on Google, which was used as a cross-reference to
ensure the representativeness of the keywords.

Evidence shows that users concentrate their exploration of
websites on the first 10 search results retrieved from a search
engine and rarely go beyond the first 2 pages [41]. Hence, the
first 30 websites generated from every search term were
screened.

Inclusion Criteria
We included global websites that used English as a primary
language or language option, were free of charge, targeted at
parents of infants, and contained information on at least one of
the following topics: milk feeding behaviors (breastfeeding,
formula feeding, expressing breast milk, feeding to appetite,
frequency or timing of feeding, and correct preparation of infant
formula, storage of milk, quantity of milk, and transport of
milk), solid food feeding behaviors (age of introduction, types
of food introduced, and food allergies), infant activity (“tummy
time,” infant play, and movement), and infant screen time or
infant sleep (bedtime routine, recommended hours of sleep, and
cosleep) regardless of whether the websites addressed other
content or age groups.

Exclusion Criteria
We excluded websites that had no information on one of the
topics of interest listed in the inclusion criteria; were
newspapers; were electronic books; required a password; had
a payment fee; or had a link that redirected user to a scientific
article, podcast, or downloadable Microsoft Word document
and PDF document.

The first author screened all the websites for eligibility using
predefined inclusion and exclusion criteria. Any uncertainties
or disagreements regarding the inclusion of websites in the study
were cross-checked by researchers ST, LMW, LB, and CR in
a group meeting and discussed until consensus was reached.

Stage 2: Website Evaluation

Scope, Accuracy, and Depth of Information
Scope, accuracy, and depth of information were evaluated using
a newly built tool on a password-protected database (REDCap
[Research Electronic Data Capture]; Vanderbilt University) that
was based on the Australian government’s guidelines on infant
feeding [42], physical activity [43], and sleep [44]. The tool
consists of 11 broad topics with 65 subtopics on encouraging
and supporting breastfeeding; initiating, establishing, and
maintaining breastfeeding; management of common
breastfeeding problems; expressing and storing breast milk;
breastfeeding in specific situations; infant formula; solid food
introduction; encouraging infant active play; screen time; and
infant sleep behaviors. Each subtopic was scored as correct
(+1), incorrect (−1), not addressed (0), or not applicable (which
was not counted in the denominator of the overall score). For
subtopics that were partially addressed, a partially complete
(+0.5) score was given. A summary section score was
automatically calculated for each topic, and a final overall score
was generated after the assessment of all the content for the 11

topic areas. Overall scores were summarized as excellent
(≥90%), adequate (75%-89%), or poor (≤74%) using the criteria
from the Health-Related Website Evaluation Form (HRWEF)
[45] similar to the updated assessment of apps [26].

Website Quality
Website quality was evaluated using the same validated tools
as the 2015 assessment: the Quality Component Scoring System
(QCSS) [46,47], the HRWEF [45], and the adherence to the
Health on the Net Foundation Code of Conduct (HONcode)
[48]. The QCSS is an instrument designed to offer scores on
ownership, authorship, author qualification, purpose, attribution
(references provided for requiring statements), interactivity,
and currency of posting and revision. The sum of scores
generates a final score summarized as excellent (80%-100%),
very good (70%-79%), good (60%-69%), fair (50%-59%), or
(poor 0%-50%). The HRWEF tool can be used by health
professionals and patients to assess the appropriateness of
websites. It consists of 30 items where each criterion is rated
on a 3-point scale, scored as not applicable (score=0), disagree
(score=1), or agree (score=2). It is divided into 7 main sections
assessing the content, accuracy, author, currency, audience,
navigation, and external links. An overall score was designated
as excellent (90%-100%), adequate (75%-89%), or poor
(0%-75%). Moreover, the HONcode certification validates and
certifies the quality of the medical information provided on the
internet.

Suitability of Information
The Suitability Assessment of Materials (SAM) tool [49] was
used to assess the appropriateness of health information
materials by considering characteristics such as content,
graphics, literacy level, layout, typography, and cultural
appropriateness of the websites. Each of the 22 items was rated
as superior (rating +2), adequate (rating +1), not suitable (rating
0), or not applicable. Scores were summed to yield an overall
percentage for the website reported as superior (70%-100%),
adequate (40%-69%), or not suitable (0%-39%).

Readability
Readability tools were used to assess the difficulty of reading
the written texts on the websites. The Flesh Kincaid test (F-K)
[50], Simple Measure of Gobbledygook (SMOG) [51], and
readability consensus based on 7 readability formulas (Flesch
Reading Ease score, Gunning Fog, F-K, SMOG, the
Coleman-Liau Index, Automated Readability Index, and Linsear
Write Formula) [52] were used. The reviewers assessed the
readability by selecting multiple written sections from each
website and inserting it into a web-based readability calculator
[52] that calculated F-K, SMOG, and readability consensus
scores. In addition, as an item of the SAM tool, readability was
also assessed using SMOG and rated as superior (grade 5 or
lower), adequate (6th-8th grade level), or not suitable (grade 9
or higher). The Australian government recommends aiming for
a lower than grade 8 reading level for health information
[53-55], whereas the American Medical Association
recommends education materials to be written at grade 6 reading
level or lower [56].
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Website Interactivity and Features
A validated interactivity scale was used as an individual
consumers’ perceptual assessment of websites in a previous
study, which asked undergraduate business students ranging
from age 19 to 40 years were asked to browse and rate websites
using 15 items based on their personal experience [57]. The 15
items measuring active control (control over what users can do
and see on the websites), two-way communication (ease of
communication and offering feedback on the website), and
synchronicity (website responsiveness to input and obtaining
instantaneous information) were adopted for the purpose of this
study.

A 3-point Likert scale was created to score each item as follows:
agree (score=2), partially agree (score=1), or disagree (score=0),
and an average score for all components was calculated.
Interactivity scale was summarized as excellent (≥90%),
adequate (70%-89%), or poor (≤69%).

Interactive aspects and features were also assessed by looking
at whether the website was functional on a smartphone screen,
had an associated app, addressed ethnicity, and included
language options, paid features, search functions, games, videos,
podcasts, chatbot, question and answer forum, quizzes,
animation, a feedback form, slide shows, ratings, frequently
asked questions section, recipes, read out loud options,
navigation menu, social media links, acceptable page speed,
webinars, or other.

Statistical Analysis

Interrater Reliability
Authors DJ and HC undertook interrater reliability (IRR)
checking. A random 10% sample of all websites (n=7) were
selected—the coding by DJ and HC were compared, and an

IRR score was generated. Discrepancies were discussed until
reviewers reached a consensus on their final ratings. Any
disagreements were resolved by a third reviewer (ST).

IRR was calculated for the readability scores, quality of content
scores, SAM, and the evaluation of information content using
intraclass correlation coefficients (ICCs), with a high ICC value
(maximum 1.0 indicating no variance in the scoring between
different assessors, whereas ≥0.5 was moderate, ≥0.70 was
good, and ≥0.80 indicated excellent reliability).

Software Used
Data were transferred from REDCap to SPSS for MacBook
(version 27.0; IBM Corp), where statistical analyses were
performed. The ICC values calculated for content, HRWEF,
QCSS, interactivity, and SAM were 0.5, 0.6, 0.6, 0.7, and 0.7,
respectively, indicating a moderate to good level of consistency
for the rating measurements. As the readability grades were
calculated using computerized software, interrater consistency
was not measured. The reviews discussed discrepancies by
re-evaluating the websites together to ensure scoring consensus.

Results

Screening Process
As shown in Figure 1, a total of 450 global websites were
reviewed between August 2021 and February 2022. The removal
of 218 duplicate websites left a total of 232 unique websites.
Of these, 66 websites met the inclusion criteria and were eligible
to be evaluated. The remaining 166 websites were excluded, as
50 were not relevant to infant health behaviors; 38 were articles,
PDF documents, or downloadable documents; 42 were a
web-based shops; 23 had insufficient content; 4 were
government guidelines; 7 offered web-based consultations, and
2 were infant-related apps on Google Play and App Store.
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Figure 1. Diagram of website selection process.

Scope, Accuracy, and Depth of Information

Scope and Depth of Subtopics
The scope and depth of the information covered in the subtopics
were predominantly poor, with 91% (60/66) of websites
obtaining an overall score of ≤74%, whereas only 9% (6/66) of
websites were rated as adequate.

The overall mean rating of all websites was poor (53%, SD
18%; IQR 40%-67%; Table 2). Expressing, feeding, and storage
of expressed breast milk, preparing and feeding infant formula
practices, and monitoring infant’s progress topics had the lowest
mean scores of 33%, 43%, and 49%, respectively. For

information on infant sleep recommendations and bedtime
practices, active play, screen time, and breastfeeding
recommendations, correct advice was mostly reported as
reflected by their mean scores of 73%, 70%, and 66%,
respectively. Only 17% (10/58) of websites fully addressed
infant feeding to appetite by encouraging responsiveness to
infant hunger and satiety cues, not pressuring the baby to finish
the bottle, feeding to appetite or baby-led feeding, avoiding
bottle propping and bottle use in bed, and benefits of allowing
infants to self-regulate their own appetite. Infant feeding to
appetite was partially addressed by 59% (34/58) of the websites
by highlighting a few of the above-mentioned points (Table 2
and Multimedia Appendix 3).
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Table 2. The quantitative scope and depth of information based on Australian infant feeding and physical activity guidelines on all websites (N=66).

Values, medianValues, mean (SD)Topics addressed and websitesa

Breastfeeding

7166 (21)Breastfeeding recommendations (n=58)

62.562 (21)Physiology of breast milk and breastfeeding (n=55)

5049 (26)Monitoring infant’s progress (n=56)

Breastfeeding, common problems, and their management

5452 (26)Maternal factors affecting breastfeeding (n=54)

5050 (26)Infant factors affecting breastfeeding (n=54)

Expressing and storing breast milk

3033 (32)Expressing, feeding, and storage of expressed breast milk (n=50)

Infant formula

4643 (19)Preparing and feeding infant formula practices (n=58)

Introducing solids

5050 (23)Solid introduction and foods and beverages not suitable for infants (n=58)

Infant activity

77.570 (30)Active play and screen time (n=52)

Infant sleep

62.561 (21)Cosleep recommendations (n=53)

7573 (29)Sleep recommendations and bedtime practices (n=54)

Overall content

5553 (18)Overall scope and depth of information (n=66)

aNot all websites included information on all subtopics.

Subtopics Addressed
Subtopics that were most frequently correctly addressed on
websites were recommendation to exclusively breastfeed till 6
months of age and continue breastfeeding with appropriate
complementary food till 12 months of age and beyond (45/58,
77% of websites); natural patterns of breastfeeding 8 to 12 times
over 24 hours (42/55, 76% of websites); postnatal breastfeeding
advice to seek support from lactation consultants, midwives, or
doctors (40/58, 68% of websites); tummy time recommendations
(40/52, 76% of websites); and cosleeping in a separate cot but
the same room as parents for the first 6- to 12-month
recommendation (39/53, 73% of websites).

Subtopics Not Addressed
Subtopics that were most often not addressed on websites were
supplemental requirements for infants on a vegan diet (30/58,
51% of websites); sterilization and proper use of hand pumps
(30/50, 60% of websites); factors affecting initiation of lactation
after birth (30/54, 55% of websites); importance and awareness
of baby-friendly hospital initiative (27/58, 46% of websites);
and correct water temperature for preparing infant formula and
risk of infection from Cronobacter sakazakii bacteria (26/58,
44% of websites).

Subtopics Incorrectly Addressed
Subtopics that were most frequently incorrectly addressed were
storage of freshly expressed, thawed, or used breast milk (22/50,

44% of websites); correct selection of infants’ first foods (6/58,
10% of websites); and correct preparation of infant formula
(5/58, 8% of websites).

Assessment of Website Quality

Using HRWEF
A majority of the websites attained an adequate rating (49/66,
74%) for the quality of the websites using the HRWEF tool.
Although 20% (13/66) of the websites were rated as excellent,
the remaining 3% (4/66) of websites received a poor scoring,
3 of which were commercial.

The overall HRWEF mean percentage score was 85% (SD
5.98%). The questions with the highest scores addressed the
organization of the site, navigation, internal link, and the type
of audience the author targeted. Conversely, the questions with
the lowest scores were related to dates of publication and
revision of content (Multimedia Appendix 3).

Using the QCSS
From the quality evaluation conducted using the QCSS tool,
8% (5/66) were rated as excellent, 21% (14/66) as very good,
32% (21/66) as good, 11% (7/66) as fair, and 29% (19/66) were
rated as poor. The overall mean QCSS score was 60 (SD 18;
Multimedia Appendix 3).

In comparison with websites that scored excellent, poorly rated
websites failed to provide references, author qualifications, and
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currency of content. A total of 32 websites stated that the author
was a health care professional, whereas 30 websites clearly
listed the name of the person supplying the information and
author qualification. In addition, 31 websites had failed to
display references for requiring statements. Only 3 websites
presented the dates of original posting and revision.

A total of 9 websites stated they had acquired the HONcode
certification demonstrating the intent of offering quality health
information to meet ethical standards.

Quality (QCSS) by Organization
Figure 2 shows the quality of the websites by the type of
organization as measured by QCSS. This ranged from poor to
very good. Media-related sources received the highest median
score of 77% (very good), followed by nongovernmental
organizations, hospital websites, and privately owned and
government websites, which received a score corresponding to
good. Commercial websites had a mean score of 46% (fair),
and university websites received the lowest median score of
35% (poor).

Figure 2. Quality Component Scoring System (QCSS) by type of organization. NGO: nongovernmental organizations.

Assessment of Suitability of Website Information by
SAM
Overall, 3% (2/66 assessments) of websites were rated superior
for suitability of health information, 82% (54/66 assessments)
of websites as adequate, and 15% (10/66 assessments) of
websites not suitable, as shown in Table 3 (Multimedia
Appendix 3).

Very few websites were rated superior on literacy demand, such
as writing style, context, and vocabulary used. Overall, 15% of
websites provided culturally appropriate visual aids based on
the consumers they were targeting. There were variations in the
type of images used in the resources. Some images depicted
different sex, race, color, religion, and age, whereas others
targeted specific cultural groups such as Indian and Aboriginal
and Torres Strait Islander. Only one of the sites addressed the

cultural specificity of information relating to experience,
language, or provision of examples to patients from diverse
sociodemographic backgrounds.

Overall, 21% (14/66) of websites had the option to be translated
into a language other than English, such as Arabic, Spanish,
Hindi, or Bengali. Only 14% (9/66) presented information that
addressed culture in texts or images. The culturally appropriate
information varied between fasting tips and breastfeeding in
Islam, Christianity or Judaism, fasting and pregnancy tips,
multiracial graphics, and recipes.

Many websites provided a clear layout of information and easily
understandable cover graphics that clearly portrayed the purpose
of the material. Most topics were subdivided to improve readers’
self-efficacy, which was rated as adequate; for instance, infant
sleep was subdivided into quiet playtime, bedtime routine, safety
sleep practices, and infant sleep recommendations.
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Table 3. Website scores based on the Suitability Assessment of Materials (SAM) criteria.

SAM scores (evaluations), n (%)

Not applicableSuperiorAdequateNot suitable

Content

—a35 (53)30 (45)1 (1)Purpose is evident

—5 (8)59 (89)2 (3)Content about behaviors

—22 (33)40 (61)4 (6)Limited to essential information

1 (1)3 (5)16 (24)46 (70)Summary and review

Literacy demand

1 (1)3 (5)31 (47)31 (47)Reading grade level

—6 (9)55 (83)5 (8)Writing style with active voice

—5 (8)56 (84)5 (8)Vocabulary uses common words

—8 (12)47 (71)11 (17)Context given first

—44 (67)21 (32)1 (1)Headers or topic captions

Graphics

1 (1)30 (46)26 (39)9 (14)Purposeful cover graphic

29 (44)6 (9)22 (33)9 (14)Appropriate type of illustrations

28 (42)8 (12)19 (29)11 (17)Relevance of illustrations

9 (14)5 (8)45 (68)7 (11)Lists, tables, graphs, and charts explained

5 (8)11 (17)41 (62)9 (14)Captions used for graphics

Layout and typography

—2 (3)58 (88)6 (10)Layout factors

—5 (8)59 (89)2 (3)Typography

—24 (36)42 (64)0 (0)Subheadings used

Learning, stimulation, and motivation

—0 (0)44 (67)22 (33)Interaction with readers used

—5 (8)45 (68)16 (24)Modeled and specific behaviors

—4 (6)57 (86)5 (8)Self-efficacious tasks and behaviors

Cultural appropriateness

65 (99)0 (0)1 (1)0 (0)Cultural match

56 (85)2 (3)8 (12)0 (0)Cultural image and examples

aNot included in the overall score.

Assessment of Website Readability
Very few websites met the Australian Federal government’s
recommended level for written health information of lower than
a grade 8 reading level: 29% (19/66) of websites (SMOG), 20%
(13/66) of websites (F-K web-based tool), and 12% (8/66) of
websites (consensus tool). In 2 of the websites assessed for
interreliability, the readability scores ranged from 8 to 11 and
7 to 14 between the researchers depending on the varying
content selected for assessment (Multimedia Appendix 4).

The median readability grades were 8.5 (IQR 7-10), 9 (IQR
8-11), and 10 (IQR 8-11) using the SMOG formula, web-based
F-K calculator, and consensus calculator, respectively. There
was a good correlation among reading grade scores across the
readability measures (P<.001; 2-tailed).

Assessment of Website Interactivity and Features
Table 4 presents the results of the websites interactivity scores
in terms of active control, two-way communication, and
synchronicity.
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Table 4. Interactivity scores of websites (N=66).

Agree, n (%)

Active control

17 (25)I felt that I had a lot of control over my visiting experiences at this website

23 (34)While I was on the website, I could choose freely what I wanted to see

21 (31)While surfing the website, I had full control over what I can do on the site

24 (36)While surfing the website, my actions decided the kind of experiences I got

Two-way communication

6 (9)The website is effective in gathering visitors’ feedback

7 (10)This website facilitates two-way communication between the visitors and the site

13 (19)It is easy to offer feedback to the website

9 (13)The website makes me feel it wants to listen to its visitors

8 (12)The website encourages visitors to talk back

18 (27)The website gives visitors the opportunity to talk back

Synchronicity

16 (24)The website processed my input very quickly

15 (22)Getting information from the website is very fast

10 (15)I was able to obtain the information I want without any delay

26 (39)When I clicked on the links, I felt I was getting instantaneous information

18 (27)The website was very fast in responding to my requests

The overall interactivity of websites was predominantly poor
(49/66, 74%). The remaining 26% (17/66) of websites were
marginally adequate with no websites obtaining an excellent
rating. More than half the websites acquired an incomplete score
for active control resulting from slow loading web pages and
the inability of site search engines to return relevant results
effectively. Very few websites encouraged visitors to talk back
or facilitated 2-way communication between the visitors and
the site. As for synchronicity of the sites, approximately
one-fourth of websites received a full score (agree) for their
ability to process input and respond to requests promptly
(Multimedia Appendix 4).

The most common features found on websites were social media
links (61/66, 92%), frequently asked questions (48/66, 73%),
videos (44/66, 67%), and recipes (35/66, 53%), whereas
language options, webinars, question and answer forums,
chatbots, read out loud function, slide shows, animation, and
games were less common. Moreover, 80% (53/66) of websites
had additional features such as text font size options, tools (eg,
ovulation calculator, pregnancy calculator, and parenting tools),
download and print page content option, and YouTube accounts.
Overall, 47% (31/66) of websites had associated apps on Google
Play and Apple Store. Log-in options for personalized health
information were presented on 40% (26/66) of the websites.

Discussion

Principal Findings
In this review, we systematically assessed 66 websites that
reported health information related to infant nutrition, active
play, screen time, or sleep behaviors. This review extends on

the existing 2015 assessment by providing 2 main conceptual
contributions. First, it covers the quality, content, suitability,
readability, and comprehensibility of web-based infant health
information at a global level. Second, it assesses the
interactivity, features, and cultural considerations of webpages.
In this section, we discuss the principal findings, comparison
to prior work, implications for future practice, and then outline
the strengths and limitations of this review.

This study found that the information content of the websites
was overall poor in terms of scope and depth of information,
which was similar to the findings of the previous 2015
assessment. Approximately one-third of the websites reported
different advice on storage of expressed breast milk; for
instance, “freshly expressed breast milk can be stored safely in
the refrigerator for up to five days.” This information was
contrary to the Australian guidelines on infant feeding that stated
storage of expressed breast milk should not exceed 72 hours in
the fridge [42]. This was due to the development of some
websites in other countries, such as America or Europe, where
guidelines differ from that of Australia [58,59].

The quality of websites was generally adequate when evaluated
by HRWEF and mostly ranged from poor to good when rated
by the QCSS tool. These findings are consistent with those from
previous studies [60-63], which evaluated a range of health
information available on the web using similar tools. This study
also highlights that the quality of websites in terms of ownership,
authorship, author qualification, purpose, referencing statements,
and currency of information was the highest among media,
nongovernmental organizations, and hospital websites and the
lowest among university websites. This is an important finding,
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given that parents view university sites as a high-quality,
reliable, and credible source of information [64]. It is vital that
the health information on websites is continuously updated to
meet the latest guidelines with relevant currency, authorship,
qualification, and supporting attribution statements. This in turn
will provide readers with the clarity they need to assess the
quality of web-based health information and identify reputable
websites. Moreover, websites with outdated information and
no supporting statements can mislead readers, resulting in
adverse health consequences [65-67].

Using the SAM tool, we found that website information on
infant health behaviors was generally adequate. This finding is
consistent with that of other studies on the SAM [68-70]. Despite
the overall adequate suitability ratings of information on the
selected websites, there were marked limitations in terms of
cultural appropriateness, literacy demand, and illustrations. This
highlights the issue that web-based infant health information
rarely considered the needs of people from
non–English-speaking ethnic groups and how they may interpret
or apply the health information. This is unfortunate, given the
ubiquitous nature of the internet. Given the increase in cultural
diversity within Australia and abroad, it is important to consider
cultural appropriateness of information and provide culturally
and ethnically diverse consumers the capacity to access,
understand, and use health information to make well-informed
health decisions [71-73].

In regard to readability, this study highlighted that most websites
were at readability levels beyond the ideal level of lower than
grade 8. This finding was also reflected in previous studies
[74-76]. Notably, a difference of 4 to 6 grades was observed
between the interreliability readability grades of 2 websites
scored by the 2 researchers DJ and HC. This reflected the
inconsistent readability levels across various webpages within
a website. Readability and health literacy play an integral part
in information accessibility and usability [77]. The readability
formulas are based on the number of words, sentence length,
and number of syllables per word. Therefore, using simpler
words, shorter sentences, pictures, videos, and co-design
methods as per the Australian Commission for Safety and
Quality in health care are important considerations for writing
health information for consumers [78].

Furthermore, readability levels of web-based health information
should be tested for consistency and presented in an easy-to-read
format providing access to people with low health literacy.

The overall interactivity of website functions was poor. In
addition, interactive features were mostly common among media
and commercial websites and least common among government
websites. According to the World Health Organization, various
provision methods of providing health information are important
to increase accessibility and achieve positive health outcomes
[79]. Multiple patient-focused interventions have reported that
various health information formats, such as videos, audios, and
infographics, have contributed to the improvement in parental
knowledge, satisfaction, and health outcomes [80-82]. Hence,
it is crucial for credible websites such as government owned to
make the wealth of information available on the web interactive

and accessible to increase consumer engagement and use of
reliable sources.

Comparison With Prior Work
In comparison with the 2015 review, 55 new websites were
assessed in this review, whereas 11 were common across both
studies. It is important to note that the first 30 websites generated
from every search term used resulted in a range of global
websites for consumers to access. Hence, it is vital for education
to be provided to parents of young children and health
professionals that will enable them to determine the quality and
credibility of web-based health information as accuracy is
critical, especially in the first 1000 days of life [83,84].

Furthermore, several websites from the 2015 review were
excluded for reasons such as their web-based content had been
removed or they no longer exist. A potential reason may be due
to the cost and maintenance of websites that were developed
with limited funding. A systematic review of factors that
influence eHealth reported that ongoing maintenance costs were
barriers for several studies [85]. Another reason may be due to
the evolution of websites over time and the inability of static
websites to enable and host new features [30].

To replicate and compare results from the 2015 assessment, the
same validated tools were used to assess the quality, suitability,
and readability of infant health websites. Interestingly, the
results of the new eligible websites did not greatly differ from
the results of the 2015 systematic assessment [25]. There was
a slight improvement in the quality of websites from poor to
adequate or good measured by HRWEF and QCSS since 2015.
However, the suitability rating of websites in both assessments
measured by SAM was the same. Similarly, the readability of
written health information in the majority of the websites did
not meet government recommendation in both assessments as
well. Although websites have evolved since 2015, minimal to
no improvements have been identified in this review. One reason
could be due to the lack of user involvement in the website
design. A recent systematic review reported that a considerable
number of studies raised concerns that involving users in
technology design can be fairly demanding and requires time
and effort [86]. Another reason may be the lack of use of
validated tools such as the ones used in this study to ensure
optimized quality during the development of websites.

Identifying cultural considerations, interactivity, and features
of web pages is a value added to this study. We found that very
few websites addressed culture or had interactive features such
as multilingual options, chatbots, or read out loud functions.
With the rise in immigrants from culturally and linguistically
diverse communities [87], more and more people are facing
access barriers to health information and eHealth services due
to the lack of language support and culturally appropriate health
information through the internet [88-90]. This demonstrates the
need to engage end users throughout the web development to
ensure high-quality outcomes and meet consumers’ needs and
expectations.

Implications for Practice
With the wide spread of internet use and wealth of information
available on the web [91], it is imperative for parents and health
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professionals to be guided to the optimal and most accurate
sources of information. Websites should be screened for
authorship, ownership, information date, and HONcode
certification before use. There is a need for web developers to
bear in mind their end users. One way to overcome this
challenge is by involving consumers in website development
through co-design workshops [92]. This will ensure developers
get a good understanding of end users’ access requirements,
literacy demands, preference for alternative presentation formats
of information, and cultural considerations. An establishment
of a regulatory body is also recommended to ensure that newly
developed websites are built on validated tools and that all
websites comply with government guidelines standards.

Strengths and Limitations
To the best of our knowledge, this is the first study to evaluate
website interactivity, features, and cultural considerations for
web-based infant health information. This review provides a
comprehensive global overview of the available web-based
information about infant health behaviors and identifies ways
for improvement.

Although this study adhered to a rigorous systematic search
process, there were several limitations. First, most websites
included in this evaluation differed from that which was
evaluated in the 2015 review. Hence, this demonstrates the
dynamic nature and constant change of the internet. Thus, the
website search during this review reflected a period that could
potentially change. In addition, the website search was
conducted in the English language using Google. Although
Google is a highly used search engine, we acknowledge that
some international users have access restraints [93]. Therefore,
the results may not have identified websites present on other
search engines or written in other languages. Furthermore,

deleting cookies and search histories was intended to reduce
unknown bias in the search strategy. However, it is
acknowledged that the likelihood of most web users doing this
is unlikely, and their searches might identify sites of which we
were unaware.

Another limitation is that the assessment criteria used Australian
guidelines. Therefore, there was a potential for websites
following non-Australian guidelines to obtain an incorrect score
on a few subtopics. Moreover, the interactivity scale used was
originally meant to capture consumers’ perceptual assessment
of websites. However, due to the lack of published validated
tools used to measure interactivity of websites, the interactivity
scale was adopted for the purpose of this study. Thus, the
interactivity scale used was a subjective measurement based on
the researcher’s experience on the websites. Nevertheless, the
tools used offer a standardized way to best capture the quality
and interactivity of web-based information.

Conclusions
As more parents seek web-based guidance on infant health
behaviors globally, there remains a significant concern on the
quality, readability, interactivity, and accessibility of websites
promoting health behaviors during infancy. This systematic
assessment revealed that there is a need for researchers and
health care providers to leverage innovative web-based platforms
to provide culturally responsive evidence-based information
accessible to those with limited English proficiency.
Furthermore, a focus is needed on continuously updating
existing health websites in addition to recommending an
establishment of a regulatory body to ensure compliance with
government standards. Moreover, the development of new
eHealth technology should be based on validated tools to ensure
the optimal quality of websites.
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Abstract

Background: The WeChat platform has become a primary source for medical information in China. However, no study has
been conducted to explore the quality of information on WeChat for the treatment of hypertension, the leading chronic condition.

Objective: This study aimed to explore the quality of information in articles on WeChat that are related to hypertension treatment
from the aspects of credibility, concreteness, accuracy, and completeness.

Methods: We searched for all information related to hypertension treatment on WeChat based on several inclusion and exclusion
criteria. We used 2 tools to evaluate information quality, and 2 independent reviewers performed the assessment with the 2 tools
separately. First, we adopted the DISCERN instrument to assess the credibility and concreteness of the treatment information,
with the outcomes classified into five grades: excellent, good, fair, poor, and very poor. Second, we applied the Chinese Guidelines
for Prevention and Treatment of Hypertension (2018 edition) to evaluate the accuracy and completeness of the article information
with regard to specific medical content. Third, we combined the results from the 2 assessments to arrive at the overall quality of
the articles and explored the differences between, and associations of, the 2 independent assessments.

Results: Of the 223 articles that were retrieved, 130 (58.3%) full texts were included. Of these 130 articles, 81 (62.3%) described
therapeutic measures for hypertension. The assessment based on the DISCERN instrument reported a mean score of 31.22 (SD
8.46). There were no articles rated excellent (mean score >63); most (111/130, 85.4%) of the articles did not refer to the
consequences—in particular, quality of life—of no treatment. For specific medical content, adherence to the Chinese Guidelines
for Prevention and Treatment of Hypertension was generally low in terms of accuracy and completeness, and there was much
erroneous information. The overall mean quality score was 10.18 (SD 2.22) for the 130 articles, and the scores differed significantly
across the 3 types (P=.03) and 5 sources (P=.02). Articles with references achieved higher scores for quality than those reporting
none (P<.001). The results from the DISCERN assessment and the medical content scores were highly correlated (ρ=0.58;
P<.001).

Conclusions: The quality of hypertension treatment–related information on the WeChat platform is low. Future work is warranted
to regulate information sources and strengthen references. For the treatment of hypertension, crucial information on the consequences
of no treatment is urgently needed.

(J Med Internet Res 2022;24(10):e38567)   doi:10.2196/38567
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Introduction

Background
Hypertension is a public health challenge because of its high
risk for cardiovascular disease, which is the top cause of
morbidity and mortality worldwide [1,2]. In 2019, an estimated
1.28 bil l ion adults aged 30 to 79 years
worldwide—approximately 32% to 34% of the global
population—were diagnosed with hypertension [3]. In China,
nearly half of the adults aged 35 to 75 years were diagnosed
with hypertension as of 2017, with medication adherence and
control rates <50% and <20%, respectively [4]. Hypertension
is a chronic condition that needs lifelong treatment, and the
treatment includes two aspects: health management (condition
monitoring, lifestyle intervention, control of complications, etc)
and taking medications to control rising blood pressure [5,6].
It has been revealed that awareness is the first step for devising
appropriate management [7], with the detection rate a key factor
that affects treatment and control [8,9]. For patients who are
aware of their condition, treatment-related information,
including general illness information and treatment choices, is
a major concern. Patients also want to play a more active role
in decision-making to ease anxiety [10]. Nevertheless, they
usually encounter difficulties in finding relevant and
easy-to-understand information.

The internet is the first source of medical information for the
public as well as patients because of its speed and
cost-effectiveness [11]. Toward the end of 2021, China had 1.03
billion internet users, the largest population of netizens in the
world [12]. WeChat is the primary social media platform for
Chinese netizens, equivalent to Facebook for other international
community members and providing similar service models.
Social media platforms have a convenient search function. On
the basis of related keywords, one can retrieve articles, videos,
and almost anything one wants [13]. WeChat was launched in
2011, and by June 2022, the monthly WeChat active users had
reached 1.3 billion. With >700,000 articles posted daily [14],
WeChat has become the most important information source for
the Chinese public. Zhang et al [15] found that 98.35% of the
participants reported that they had seen health information via
WeChat, and WeChat was one of the most popular choices
(63.26%) for obtaining health information in China. Despite
the benefits, the health information obtained via WeChat has
some limitations, with concern about information quality being
the most mentioned [16]. On WeChat, the information sources
are numerous and unclear, which has resulted in problems of
questionable credibility and inaccuracy [17]. Meanwhile, the
health literacy of the general population in China is low [10],
because of which low-quality health information can lead to
harmful behavior. Therefore, it is critical to evaluate the quality
of hypertension-related information on WeChat. We found that
only 1 study had been conducted to assess the quality of
hypertension-related information provided on traditional

websites [18]. However, no studies are available assessing the
quality of hypertension-related information on WeChat.

Objectives
DISCERN is the most widely used instrument for assessing
health-related information and videos, and it is particularly
relevant to health-related topics and web-based resources for
patient education [19]. Literature is emerging that combines the
results from the DISCERN tool and other ratings of web-based
references on specific professional content based on clinical
guidelines [18,20,21]. This study aimed to assess the quality of
information in hypertension treatment–related articles oriented
to the general population on WeChat. We adopted the DISCERN
instrument to assess the credibility and concreteness of the
treatment information and then applied the Chinese Guidelines
for Prevention and Treatment of Hypertension (2018 edition;
hereinafter referred to as the Hypertension Guidelines) [22] to
evaluate the accuracy and completeness of the specific medical
content of the treatment information. We combined the results
from the 2 sources to report on the overall quality of the articles
to comprehensively evaluate the quality of information on
WeChat. We believe that this is the first report on the quality
of information in hypertension treatment–related articles on
WeChat.

Methods

Search Strategy and Data Extraction
In this study, we entered the terms “高血压治疗 (hypertension
treatment),” “高血压疗法 (hypertension therapy),” “高血压防
治 (hypertension prevention and treatment),” “高血压健康干
预 (hypertension health intervention),” and “高血压健康管理
(hypertension health management)” into WeChat for retrieval
of relevant articles. To ensure that the articles included in the
study matched the research aims, we used certain inclusion and
exclusion criteria. The inclusion criteria were as follows: (1)
articles focusing on information related to hypertension
treatment and health management and (2) articles covering
hypertension treatment and therapy. The exclusion criteria were
as follows: (1) duplicated articles, (2) articles providing full
texts from the Hypertension Guidelines, and (3) articles
presented only in picture or video format.

We included relevant data in this study up to the date of
information collection, namely May 30, 2021. In Figure 1, we
provide some examples of the retrieval strategy and results.
After the screening, we included 130 articles for further data
extraction and analysis. Figure 2 illustrates the search and
screening flow for the articles. We extracted the essential
information for each article and its source, including the article
title, publication date, numbers of views and likes, type of
treatment mentioned, uploader (governmental organization vs
individual, etc), and references. The extracted data were
recorded in Excel (Microsoft Corp).
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Figure 1. Examples of the search for articles in WeChat public accounts. (A) Retrieval strategy for hypertension treatment related to the keyword “高
血压治疗 (hypertension treatment)” in the WeChat app. (B) Retrieval results. (C) Information provided in the WeChat public accounts. Retrieval date:
May 30, 2021.

Figure 2. Search and screening flow for hypertension treatment–related articles.

Ethical Considerations
Institutional review board approval was not required for this
study since all information was freely available online. The
“articles” were defined as being any piece of open access
published writing, excluding personal blogs, editorials, and
commentaries.

Evaluated Dimensions and Methods

Overview
We measured two aspects of hypertension treatment–related
articles on WeChat: the quality of information and the content,
to evaluate which we used 2 metrics. First, we adopted the
DISCERN instrument, which assesses the credibility and
concreteness of written consumer health information with regard
to treatment choices. Second, we applied the Hypertension
Guidelines as a supplement to evaluate the accuracy and
completeness of the specific medical content in the article, which
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provided a more granular assessment of the quality of
information as it pertains to hypertension treatment. We provide
details of the tools in the sections that follow. Third, we
combined the results from the 2 assessments to arrive at the
overall quality of the articles and explored the differences
between, and associations of, the 2 independent assessments
(Figure 3). Two researchers assessed each article and scored

both instruments. The intraclass correlation coefficient (ICC)
was used to measure consistency [23]. The ICC value is between
0 and 1. It is generally acknowledged that ICC>0.80 indicates
strong consistency, ICC from 0.80 to 0.41 indicates medium
consistency, ICC<0.40 indicates poor consistency, and ICC<0
is considered no consistency [24,25].

Figure 3. Evaluation tools and dimensions.

DISCERN: Assessment of Credibility and Concreteness
of Treatment Information
To rate the quality of the information, we adopted the DISCERN
instrument. The DISCERN handbook indicates that both
professionals and the general population can use the instrument,
and a study has confirmed that professionals judge health
information similarly to laypersons using DISCERN [26]. The
handbook is available on the DISCERN website.

The instrument consists of 16 questions divided into 3 parts (the
overall score ranges from 16 to 80) [26]. Part 1 (questions 1 to
8) assesses the credibility of the information, part 2 (questions
9 to 15) focuses on the concreteness of treatment information,
and part 3 (question 16) is an overall quality rating [27]. In this
study, an article could score up to 80 points on all 16 questions,
with up to 40 points for the questions addressing the credibility
of information (questions 1-8), up to 35 points for the questions
addressing treatment choices (questions 9-15), and up to 5 points
for question 16. High scores indicate high quality. For describing
and distinguishing the DISCERN scores significantly, we
adopted the approach used in a previous study and categorized
scores of 63 to 80 as excellent, 51 to 62 as good, 39 to 50 as
fair, 27 to 38 as poor, and 16 to 26 as very poor [18,28]. YY
and MH performed the scoring and used the ICC to measure
consistency.

Hypertension Guidelines: Assessment of Accuracy and
Completeness of Medical Treatment Content
The DISCERN tool can be used for any health-related content
area and, thus, is not specific to hypertension [29]. Therefore,
we used the Hypertension Guidelines as a supplement to

evaluate the accuracy and completeness of the specific medical
content in the included articles. We referred to the DISCERN
scoring criteria and developed the content evaluation criteria to
maintain consistency and comparability with the DISCERN
tool [30]. With regard to accuracy, we chose the following
categories: completely accurate (5 points), partially accurate
(3-4 points), not very accurate but containing no errors in the
information (2 points), and wildly inaccurate and containing
misinformation (1 point) [25]. For completeness, the
Hypertension Guidelines mentions 6 aspects of hypertension
treatment [22]: (1) hypertension treatment goals, (2) lifestyle
intervention, (3) medical treatment, (4) instrument intervention,
(5) management of related risk factors, and (6) treatment of
hypertension in special populations. On the basis of the coverage
of these 6 key points, we developed the following categories:
all 6 key points mentioned (5 points), 4 to 5 key points (4
points), 3 key points (3 points), 1 to 2 key points (2 points), and
no mention of any of the key points (1 point). YY and MH
performed the scoring and used the ICC to measure consistency.

Overall Article Quality
In general, we combined the DISCERN tool and the
Hypertension Guidelines to measure the overall quality of the
article. First, we calculated the mean scores of part 1 and part
2 of the DISCERN tool with regard to the credibility and
concreteness of information about treatment choices,
respectively. Second, we used the 2-part mean scores of
accuracy and completeness for the medical treatment content
evaluation, reflecting the quality specifically for hypertension.
Then, we added the 4-part scores to arrive at the overall quality
score for exploration of the quality differences (Figure 3).
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Exploring the Quality Differences
Considering the different value propositions, for the comparison,
we identified 3 categories of articles, 5 types of sources, and 2
kinds of articles according to whether there were references.
First, we combined the treatment aspects of the Hypertension
Guidelines and divided the articles into 3 categories: (1)
therapeutic measures, (2) lifestyle intervention, and (3) scientific
or frontier knowledge (introduction of new drugs, etc). Second,
we classified the articles’ uploaders into five main categories:
(1) governmental organizations, (2) commercial organizations,
(3) medical institutions, (4) news or media organizations, and
(5) individuals. Third, we divided the articles into 2 kinds
according to whether there were references. The purpose was
to explore the differences between them in terms of article
quality. Detailed information of each uploader was shown in
its public account, including the name, time of upload, and
institution type (Figure 1).

Statistical Analysis
We used Excel 2019 (Microsoft Corp) for data collection and
SPSS software (version 26.0; IBM Corp) for analysis. Data
were presented as frequencies and percentages or means and
SDs as appropriate. Regarding the evaluation scores, we used
the ICC to ascertain the interrater agreement with regard to the
exploration of quality differences. Kruskal-Wallis tests were
used to determine statistically significant differences between
2 groups or among >2 groups of independent variables. The
correlations among the DISCERN scores, content scores,
number of views, and number of likes were evaluated using

Spearman correlation analysis. P<.05 was considered
statistically significant.

Results

Characteristics of the Articles
In this study, the search retrieved 223 articles, of which we
included 130 (58.3%) for analysis according to the inclusion
and exclusion criteria (Figure 2). In terms of the treatment
information types, 62.3% (81/130) of the articles related to
therapeutic measures, 26.9% (35/130) referred to lifestyle
intervention, and 10.8% (14/130) involved scientific or frontier
knowledge (Table 1). With regard to the uploading source, the
majority of the articles had been posted by commercial
organizations (78/130, 60%), followed by individuals (29/130,
22.3%), medical institutions (10/130, 7.7%), news or media
organizations (9/130, 6.9%), and governmental organizations
(4/130, 3.1%; Table 1). Only 13.1% (17/130) of the articles
provided references. In addition, 89.2% (116/130) of the articles
adopted various marketing strategies for promotion of the
content. In Figure 4, we provide examples of these different
marketing strategies.

With regard to the number of views, the median was 2929 (range
7 to >100,000); the minor articles (1/130, 0.8%) had been read
only 7 times, and only 0.8% (1/130) of the articles had been
read >100,000 times. In terms of the likes received, the median
was 9.5 (range 0-951); >1 article had not received a single like,
whereas the highest number of likes for an article was 951 (Table
1).

Table 1. Characteristics of articles related to hypertension treatment on WeChat (N=130).

ValuesVariable

Category, n (%)

Information category

81 (62.3)Therapeutic measures

35 (26.9)Lifestyle intervention

14 (10.8)Scientific or frontier knowledge

Uploading source

78 (60)Commercial organizations

29 (22.3)Individuals

10 (7.7)Medical institutions

9 (6.9)News or media organizations

4 (3.1)Governmental organizations

Reference source

17 (13.1)Yes

113 (86.9)No

Metrics, median (range)

2929 (7-100,000)Number of views

9.5 (0-951)Number of likes
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Figure 4. Examples of different marketing strategies appended to the end of articles.

Evaluated Results

DISCERN: Information Credibility and Concreteness
of Treatment Information
The complete table with the average scores of the 130 articles
derived by using the 16 questions of the DISCERN instrument
is available in Multimedia Appendix 1. Overall, the quality was
poor based on the credibility and concreteness of treatment
information. According to the DISCERN scale, no article was
excellent in terms of the information provided; 3.1% (4/130),
18.5% (24/130), and 44.6% (58/130) of the articles were good,
fair, and poor, respectively. Besides, 33.8% (44/130) of the
articles obtained an abysmal score. An article could score up to
80 points on 16 questions, but the mean score of these 130
WeChat articles was 31.22 (SD 8.46; median 30.00; range
16-58). The ICC was between 0.69 and 0.97, indicating an
acceptable consistency.

When part 1 (questions 1-8) and part 2 (questions 9-15) scores
are compared, the former comes off slightly better than the
latter. In part 1, the article’s information credibility was
evaluated and received a mean score of 16.58 (SD 4.86). “Are
the aims clear?” (question 1) received the highest mean score:
2.87 (SD 0.76). “Does it refer to areas of uncertainty?” (question

8) performed the worst with a mean score of 1.38 (SD 0.79).
Part 2 assessed the concreteness of treatment information; the
mean score was 12.25 (SD 3.85), indicating that the information
provided on treatment choices was generally poor, and this was
particularly notable in “Does it describe how the treatment
choices affect the overall quality of life?” (question 13), which
received a mean score of 1.18 (SD 0.46). Multimedia Appendix
1 shows the detailed scores.

Hypertension Guidelines: Accuracy and Completeness
of Medical Treatment Content
With regard to the accuracy and completeness of the
hypertension treatment–related medical content, the former
performed better than the latter. The ICCs were 0.77 and 0.86,
respectively, indicating an acceptable consistency. With regard
to article accuracy, the average score was 3.43 (SD 0.79); we
found that some (3/130, 2.3%) of the articles contained
typographical errors, erroneous information, or areas of content
that needed improvement. For completeness, the average score
was 2.94 (SD 0.81); most (98/130, 75.4%) of the articles lacked
key points on hypertension treatment content according to the
Hypertension Guidelines, resulting in the incompleteness of
content. In Table 2, we provide some typical examples of
content deficiencies or scientific content inaccuracies and
suggestions for improvement. Table 3 shows the detailed scores.
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Table 2. Typical examples of assessment of the content of some articles on hypertension.

Suggestions for improvementAreas of deficienciesArticle title

Hypertension prevention and
treatment: traditional Chi-
nese therapy has a good
remedy, why not try it?

•• As the title of the article emphasizes the benefit of
using traditional Chinese therapy to treat hypertension,
the content should match the title, and the article
should describe traditional Chinese therapy in detail.

The title does not match the content. The title empha-
sized traditional Chinese therapy, whereas the content
mainly focused on Western medicine.

• There was no significant description of how each
therapy works, and there was a lack of concrete critical
information, reducing the effect and meaningfulness
of the article.

• The article should provide detailed descriptions of
drugs and therapies, clarifying the effects of using
traditional Chinese therapy and indications for its use;
for example, how it works, the benefit, the risk of each
treatment, and what would happen if no treatment is
used.

How is the hypertension
treatment plan developed?

•• Copying and presenting the Chinese Guidelines for
Prevention and Treatment of Hypertension is a good
idea, but it is better to extract concrete information
related to the main idea of the article, keeping in mind
the completeness of key content.

Hypertension treatment is primarily based on the
Chinese Guidelines for Prevention and Treatment of
Hypertension, but concreteness was lacking. For hy-
pertension medical treatment, the article only provided
a brief statement.

•• Indicating the source of information is good practice
and so is providing a link to the reference in the article,
as is done in research papers.

The article did not indicate the source of information.

Treatment of hypertension
(posted by an individual,
Xuejie Han)

•• The writer should avoid using colloquial language,
keep sentences simple, and be serious about avoiding
incorrect and inaccurate words.

The article uses colloquial language, it is verbose, and
it even contains wrongly written characters.

• With regard to the source, the article indicates that
“This text is from the network,” but the lack of
specifics only raises questions about the scientific and
safety issues of the content.

• It is better to reference authoritative books, papers, or
resources.

Table 3. The mean scores of the articles as evaluated using the DISCERN instrument and the Chinese Guidelines for Prevention and Treatment of
Hypertension.

Scores, mean (SD)Content evaluated

2.07 (0.61)Part 1 (credibility of information)

1.75 (0.55)Part 2 (concreteness of treatment information)

3.43 (0.79)Accuracy of treatment informationa

2.94 (0.81)Completeness of treatment informationb

10.18 (2.22)Overall quality

aIntraclass correlation coefficient=0.77.
bIntraclass correlation coefficient=0.86.

Overall Article Quality
First, in terms of the mean DISCERN scores, part 1 (credibility
of information) and part 2 (concreteness of treatment
information) scored 2.07 (SD 0.61) and 1.75 (SD 0.55),
respectively. Second, in terms of the mean Hypertension
Guidelines scores, the accuracy and completeness of the medical
treatment content scored 3.43 (SD 0.79) and 2.94 (SD 0.81),
respectively. Third, the mean score of the overall quality of the
articles was 10.18 (SD 2.22; Table 3).

Comparison of Treatment Information Types,
Uploading Sources, and Availability of References
We identified 3 categories of articles and 5 types of sources and
divided the articles into 2 kinds according to whether they
provided references. We chose the overall quality, DISCERN,
and medical content scores for comparison. First, there were

significant differences among the 3 types (P=.03), primarily
because of the differences in medical treatment content quality
(P=.02). Second, statistically significant differences could be
observed in the overall quality among the 5 sources (P=.02),
mainly because of the differences in DISCERN-evaluated
quality (P=.02). By contrast, there were no statistically
significant differences in the medical content quality scores
(P=.10). Governmental institutions scored the highest (mean
11.01, SD 1.36), and individuals scored the lowest (mean 9.08,
SD 2.13). Table 4 shows the results. Third, we compared the
articles’ quality in terms of whether they provided references,
and the results showed statistically significant differences
(P<.001) between articles that provided references and those
that did not. The mean score of articles that provided references
was significantly higher than those that did not, 12.90 (SD 1.83)
and 9.78 (SD 1.81), respectively.
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Table 4. Comparison of the DISCERN scores of information categories, uploading sources, and reference sources.

P valuedP valuecP valuebScore, mean (SD)aItem

.02.42.03Information category

10.51 (2.44)Therapeutic measures

9.91 (2.14)Scientific or frontier knowledge

9.54 (1.58)Lifestyle intervention

.10.02.02Uploading source

11.01 (1.36)Governmental institutions

10.87 (1.34)News or media organizations

10.47 (2.35)Commercial organizations

10.19 (1.50)Medical institutions

9.08 (2.13)Individuals

<.001<.001<.001Reference source

12.90 (1.83)Yes

9.78 (1.81)No

aThe Kruskal-Wallis test was used as a conservative test when determining significance for continuous variables, given the nonnormality of some data.
The mean (SD) values refer to the overall quality score.
bP value is applicable to the overall quality score.
cP value is applicable to the mean score of DISCERN part 1 and part 2 assessments.
dP value is applicable to the mean score of accuracy and completeness of medical treatment content.

Quality Assessment and Correlation With Numbers
of Views and Likes
Significant correlations were observed between the DISCERN
score and the medical content score (P<.001). This demonstrated
that if the credibility and concreteness of treatment information
were excellent, the medical accuracy, completeness, and overall
quality were likely to be better; in other words, the DISCERN
tool and the Hypertension Guidelines can validate each other.

Meanwhile, there was a significant correlation among credibility
and accuracy, the concreteness of treatment information, and
completeness, which revealed that the evaluations performed
using the corresponding parts of the 2 tools were consistent. By
contrast, there was no significant correlation among the
DISCERN score, the number of views (P=.63), and the number
of likes (P=.23); the content score results were similar (P=.10
and P=.11), which means a good-quality article does not
necessarily receive a high number of views (Table 5).

Table 5. P values of correlation of DISCERN score, content score, and numbers of views and likes.a

Number of likesNumber of viewsContent scoreDISCERN score

———c<.001bDISCERN score

——<.001b<.001dContent score

—<.001b.10.63Number of views

<.001b<.001e.11.23Number of likes

aCredibility and accuracy: P<.001; concreteness of treatment information and completeness: P<.001.
bSpearman correlation coefficient=1.00
cNot applicable.
dSpearman correlation coefficient=0.58.
eSpearman correlation coefficient=0.63.

Discussion

Principal Findings
This study has provided the first report on the quality of
information in hypertension treatment–related articles on
WeChat. The evaluation outcomes from the two sources, that
is, the DISCERN and the Hypertension Guidelines, show high

correlations and suggest valid results. The overall quality of
hypertension treatment–related information on WeChat was
poor in terms of credibility, concreteness, accuracy, and
completeness. Quality scores differed significantly among the
3 types of articles and 5 information sources, revealing the
significance of different value propositions. Articles reporting
references were of better quality than those that did not provide
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references. Our findings and methods have important
implications in an era when people increasingly use social media
to obtain health-related information.

Comparison With Prior Work
Prior studies have investigated the quality of web-based
information with regard to different diseases and platforms; for
example, the study by Azer et al [31] evaluated the quality of
information on the internet about inflammatory bowel disease
(mean 42.2, SD 10.7), and the study by Kaicker et al [27]
evaluated the quality of information on chronic pain (mean 55.9,
SD 13.6). We only discovered 1 study evaluating
hypertension-related information quality on websites, with a
DISCERN score of 45.94, and only 1 of these websites was
excellent [19]. The score was higher than ours, probably because
WeChat’s articles were more subjective and had been uploaded
by random sources [31]. With regard to social media platforms,
researchers have investigated the quality of YouTube videos
about eczema treatment (mean 30.6) and meningioma treatment
(mean 36.4, SD 14.0) [32,33], as well as the quality of treatment
of rare diseases on WeChat (mean 30.27, SD 7.20). These scores
are similar to that obtained in this study (mean 31.22, SD 8.46).
Overall, websites performed better than social media platforms.
This might be because user barriers as well as barriers to
publishing on social media platforms are low because these
platforms encourage everyone to participate and share content
[34]. However, we must consider the particularities of medical
health information, which differs from other types of information
[35]. Therefore, it is essential to encourage medical
professionals, scientific researchers, and those who have
received professional certification to provide health-related
content and articles. These people should do more to popularize
science and meet the general population’s needs.

Articles of Good or Excellent Quality Are Rare
Generally, the quality of hypertension treatment–related
information on WeChat was found to be poor in terms of
credibility, concreteness, accuracy, and completeness, which is
not helpful for the general population. In the DISCERN
evaluation, no article was found to be excellent, and only 3.1%
(4/130) of the articles were rated good. This finding is consistent
with prior studies on health information on websites and
YouTube; for example, the study by San Giorgi et al [36] found
that only 2% of the websites evaluated provided good content,
and the study by Śledzińska et al [33] found that only 4.9% of
the YouTube videos assessed were rated good. Our study
revealed that the credibility of information generally scored
higher than the concreteness of treatment information. In other
words, compared with the article’s credibility, the concreteness
of treatment information is harder to achieve. With regard to
credibility, “Are the aims clear?” (question 1) received the
highest mean score, which was probably related to the emphasis
on patient-centered health information services and the need
for clear goals in the process of information dissemination
[37,38]. This revealed that the match of title and content of
hypertension treatment–related information is relatively
acceptable. “Does it refer to areas of uncertainty?” (question 8)
performed the worst; although most (100/130, 76.9%) of the
articles included descriptions of risks and benefits, they failed

to mention the uncertainty regarding treatment information.
With regard to the concreteness of treatment information, “Does
it describe how the treatment choices affect the overall quality
of life?” (question 13) received the lowest score, indicating that
most articles did not refer to the consequences—in particular,
quality of life—of no treatment. Thus, the performance with
regard to question 13 was similar to that with regard to question
8, reflecting the lack of concreteness, resulting in incomplete
information.

As for the content scores according to the Hypertension
Guidelines, most (98/130, 75.4%) of the articles lacked key
points on hypertension treatment and provided only 2 to 3 key
points, leading to the incompleteness of medical treatment
content. Medication and lifestyle interventions are frequently
referred to in the articles, probably because pharmacological
and nonpharmacological interventions (health management) are
common ways to treat hypertension [39]. By contrast, the
instrument intervention was hardly ever mentioned, probably
because of insufficient evidence regarding the efficacy and
safety of this method [22].

Nowadays, the supervision of articles published on WeChat
mainly concerns legalities, such as network security and legality
of the content. Information quality is not yet a concern, and
specific measures to ensure information quality are lacking
[40,41]. For this, the Health On the Net code of conduct for
medical and health websites (HONcode) can provide some
references for improvement measures. The HONcode stipulates
that all medical advice must come from medical professionals
to ensure the authority and accuracy of the information [42].
For the WeChat platform, we need to consider the professional
nature of medical health information. The government must
strictly review the author’s qualifications as well as the content
before publication. In addition, we found that 89.2% (116/130)
of the articles had adopted various marketing strategies for
promotion of the content, and previous studies have also pointed
out this problem. This trend of commercial advertisements
disguised as supposedly harmless referral links can become an
issue [43]; for example, some publishers exaggerate illness
symptoms and product functions to persuade more people to
buy drugs and commodities. It is easy to persuade an
unsuspecting public that these drugs and products are good for
them, but the consequences can be serious in terms of health
risks. Therefore, the government must enact strict laws against
false advertising with regard to web-based medical information
and recommend credible information sources to the public [44].

Governmental Sources Provided High-Quality
Information but Were Lacking in Motivation
In this study, significant differences could be observed among
the 3 types of articles and 5 uploading sources in terms of overall
quality. With regard to the article types, the differences in
quality were mainly due to the quality of the medical treatment
content. The adherence to the Hypertension Guidelines was
low, the articles lacked key treatment management points, and
provided incomplete information. Importantly, with regard to
the uploading sources, we found that governmental sources
scored significantly higher than individuals. This finding was
consistent with prior studies, which suggests that governmental
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institutions are more likely to publish high-quality information
[28]. Presumably because the teams from governmental
institutions are highly specialized and knowledgeable, they are
more cautious and responsible about what they publish [45].
However, governmental institutions only uploaded 3.1% (4/130)
of the articles, which is an indication of poor motivation. As
governmental institutions uploaded an insufficient number of
articles, we could not arrive at a conclusion regarding their
overall performance in the quality score. We know that science
is not supposed to be a popularity contest, but governments
should exert more effort to disseminate accurate and complete
information via social media to ameliorate the negative health
consequences of misinformation [46]. By contrast, individuals
accounted for 22.3% (29/130) of the articles—presenting high
motivation—but the overall quality was not excellent.
Noticeably, health care promotion demands high professionalism
and strictness, and inaccurate content will mislead the public.
Allowing general users to publish content related to highly
professional subjects might be inappropriate.

Articles With References Were of Higher Quality
Citation resources or references can reflect an article’s
objectivity to a certain extent [47]; if they are absent, people’s
judgment regarding the accuracy of the content as well as their
understanding of the health information can be directly affected
[36]. In this study, we found that the mean score of articles with
references was significantly higher than that of those without,
and these scores differed significantly. Of concern, it is not
common practice to list references in WeChat articles; only
13.1% (17/130) of the articles listed references. Most (92/130,
70.8%) of the articles provided the author’s name; a few
(20/130, 15.4%) provided the author’s name and work
credentials. However, an article’s quality and credibility cannot
be judged only on the basis of this simple information. Prior
studies have suggested that the proportion of content with
references was low at 10.2% [45]. Lacking citation resources
or references was one of the important factors that led to a severe
gap between health information and scientific evidence. The
HONcode stipulates traceability, meaning that the content should
identify the source of information to which readers could refer
[42]. If the WeChat platform identifies the source of the
information it publishes, the credibility of this information might
be improved. Therefore, the government needs to regulate such
articles to ensure that they provide references, perhaps by
providing links of citation resources at the end of each article.
We found that some WeChat public accounts such as The Lancet
and Dingxiang Yisheng had already done this. Furthermore, we
discovered that some articles had provided the number of words
in the article and expected reading time, which is a good
practice.

Correlations Among the DISCERN Score, Content
Score, Number of Views, and Number of Likes

A valuable finding of this study was that there were significant
correlations between the DISCERN score and the content score.
This indicates that the hypertension treatment articles were more
likely to be accurate and complete if they included information
about the benefits and risk factors of treatment, the consequences
of no treatment, and reference resources, presumably because

providing reliable and complete information necessitates using
more words and furnishing a detailed explanation. By contrast,
there were no significant correlations among the DISCERN
score, number of views, and number of likes, similar to previous
study findings [34]. We found that the more popular articles
(high numbers of views and likes) were not associated with high
DISCERN scores. We believe that the numbers of views and
likes could objectively reflect the interest of the audience as
well as the effect of the operation of the public account, although
this has no relation to the quality of the article [48]. Perhaps
some of the articles with a larger audience had marketing value
or were emotionally charged, making them more appealing to
viewers rather than providing reliable knowledge [33].

Practical Significance
The findings from this study have significant implications for
practice. On the one hand, a method that combines the
DISCERN tool and Hypertension Guidelines to evaluate
information quality is meaningful and comprehensive for social
media platforms and future work. On the other hand, if the
credibility and concreteness of treatment information were
excellent, the medical accuracy, completeness, and overall
quality were likely to be better. On the basis of this finding, we
advise WeChat users to identify information quality initially
according to the following factors: (1) the completeness of the
article: if it clearly describes what (the nature of the disease),
why (the cause of the disease), and how (treatment) [31]; (2)
whether the article provides references or indicates the source
of information; and (3) high numbers of views and likes do not
necessarily mean excellent quality.

Standardizing and managing information from information
providers helps to create a harmonious information environment
[49]. In this study, we realized the practical significance of the
DISCERN tool, and we suggest that authors should consult the
DISCERN handbook when writing their article. First, for
example, the DISCERN handbook indicates that a good-quality
article must have clear aims and achieve the ultimate goal, which
is that the title and content should match [27]. In other words,
an article should have an appropriate title that expresses the
main idea, and the content should be written around this idea.
Second, questions 9 to 15 indicate that a good-quality article
about disease treatment must focus on the concreteness of the
content, such as how each treatment works, the benefits and
risks of each treatment, and what would happen if there was no
treatment. Third, the DISCERN handbook also reveals that a
good-quality article must clarify the source of information; for
example, listing the references or sources at the end of the article
is a good practice. In brief, if the article is only providing
information about a disease, such as hypertension, the author
can refer only to DISCERN part 1 (questions 1-8), but if it is
also providing information about treatment of the disease, the
author should refer to DISCERN part 1 as well as part 2
(questions 1-15). This may be useful with regard to improving
the quality of the information.

Limitations and Future Directions
This study has some limitations. First, we only evaluated the
quality of information related to hypertension treatment; thus,
the range of the included articles was narrow (only 1 topic).

J Med Internet Res 2022 | vol. 24 | iss. 10 |e38567 | p.593https://www.jmir.org/2022/10/e38567
(page number not for citation purposes)

Yang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Second, we only focused on 1 platform; there was no
comparison among different platforms, leaving an area for
further investigation. Future studies should consider including
more evaluation dimensions or comparing among different
platforms.

Conclusions
This study is the first to analyze WeChat articles oriented to the
general population on hypertension treatment, contributing to
a better understanding of the available information on
hypertension on WeChat. The evaluation outcomes from the

two sources, that is, the DISCERN and the Hypertension
Guidelines, show high correlations and suggest valid results.
The overall information quality of hypertension
treatment–related articles on WeChat was poor. Quality scores
differ significantly among the 3 types of articles and 5 uploading
sources, revealing the significance of different value
propositions. Articles that provided references were of better
quality than those that did not. Future work is warranted to
regulate information sources and strengthen references. For the
treatment of hypertension, crucial information on the
consequences of no treatment is urgently needed.
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Abstract

Background: Digital contact tracing (DCT) apps have been implemented as a response to the COVID-19 pandemic. Research
has focused on understanding acceptance and adoption of these apps, but more work is needed to understand the factors that may
contribute to their sustained use. This is key to public health because DCT apps require a high uptake rate to decrease the
transmission of the virus within the general population.

Objective: This study aimed to understand changes in the use of the National Health Service Test & Trace (T&T) COVID-19
DCT app and explore how public trust in the app evolved over a 1-year period.

Methods: We conducted a longitudinal mixed methods study consisting of a digital survey in December 2020 followed by
another digital survey and interview in November 2021, in which responses from 9 participants were explored in detail. Thematic
analysis was used to analyze the interview transcripts. This paper focuses on the thematic analysis to unpack the reasoning behind
participants’ answers.

Results: In this paper, 5 themes generated through thematic analysis are discussed: flaws in the T&T app, usefulness and
functionality affecting trust in the app, low trust in the UK government, varying degrees of trust in other stakeholders, and public
consciousness and compliance dropping over time. Mistrust evolved from participants experiencing sociotechnical flaws in the
app and led to concerns about the app’s usefulness. Similarly, mistrust in the government was linked to perceived poor pandemic
handling and the creation and procurement of the app. However, more variability in trust in other stakeholders was highlighted
depending on perceived competence and intentions. For example, Big Tech companies (ie, Apple and Google), large hospitality
venues, and private contractors were seen as more capable, but participants mistrust their intentions, and small hospitality venues,
local councils, and the National Health Service (ie, public health system) were seen as well-intentioned but there is mistrust in
their ability to handle pandemic matters. Participants reported complying, or not, with T&T and pandemic guidance to different
degrees but, overall, observed a drop in compliance over time.

Conclusions: These findings contribute to the wider implications of changes in DCT app use over time for public health. Findings
suggest that trust in the wider T&T app ecosystem could be linked to changes in the use of the app; however, further empirical
and theoretical work needs to be done to generalize the results because of the small, homogeneous sample. Initial novelty effects
occurred with the app, which lessened over time as public concern and media representation of the pandemic decreased and
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normalization occurred. Trust in the sociotechnical capabilities of the app, stakeholders involved, and salience maintenance of
the T&T app in conjunction with other measures are needed for sustained use.

(J Med Internet Res 2022;24(10):e40558)   doi:10.2196/40558

KEYWORDS

COVID-19; tracing app; digital contact tracing; trust; public health; technology adoption; compliance; longitudinal; mixed
methods; thematic analysis; mobile phone

Introduction

Digital Contact Tracing and the COVID-19 Pandemic
Throughout the COVID-19 pandemic, mobile apps enabling
digital contact tracing (DCT) became a widespread solution
adopted by many countries worldwide for mitigating the spread
of SARS-CoV-2 [1,2]. A need for understanding how people
feel toward these apps arose once they started being announced
and released from 2020 onward. Several studies investigated
people’s perceptions and attitudes in relation to the acceptance
and adoption of DCT [3-6], privacy and ethical concerns [7-9],
and the type of messaging used to promote the apps (eg,
targeting individualism or collectivism) [7,10]. Although
conducted using hypothetical apps and scenarios, early studies
found that large percentages of the people consulted said they
would use the apps if they became available and that, initially,
many people had positive perceptions toward DCT as a medium
for minimizing the spread of the virus in society [3,11].

However, after 2 years of the pandemic, the overall uptake of
DCT apps remained low, especially because they were mostly
voluntary [2]. This imposes a technical challenge given that
some studies suggest that the apps need a high uptake rate (from
56% to 95%) to work effectively [12,13]. However, other
theoretical and empirical studies found that effects can also be
seen at lower adoption levels. For instance, research has
estimated that >32% uptake can be helpful in lowering the
epidemic to manageable levels when the infection rate is
moderate [14]. Other work has estimated that cases could be
reduced between 0.8% and 2.3% for every incremental
percentage point of app uptake [15]. Nonetheless, regardless of
infection rates, higher uptake would represent a higher number
of cases averted [15], which makes the case for better
understanding DCT app uptake and further incentivizing them.

An intention-behavior gap has been identified in DCT uptake
[11], but little is known about the actual experiences of people
with the apps [16], especially over time, as there have been only
few longitudinal studies in this regard [8]. Privacy has been
found to be a major concern of people, possibly hindering app
uptake [6,17], but the “privacy paradox” has been also
acknowledged and investigated, where although people state
being highly worried about their privacy, they do not act on
their concerns [18]. Thus, more work is needed to understand
people’s experiences with DCT and other factors, beyond
privacy concerns, that may be involved in their adoption and
sustained use over time. In the context of DCT, sustained use
can be understood in terms of passively engaging with the
specific characteristics of the system such as having Bluetooth
tracing enabled and taking part in more active aspects of contact
tracing such as checking in to public places.

This study builds on previous explorations of trust in DCT apps
[19], where trust has been found to be a major factor in their
intended adoption, examining in further detail people’s
experiences and trust perceptions—in relation to a DCT app
and its related ecosystem—and their relationship to DCT
adoption and use over time. In this study, ecosystem is defined
as the set of stakeholders involved in developing, maintaining,
and using the Test & Trace (T&T) app. Trust is a complex,
context-dependent subject [20], being considered as a mental
state felt by people toward others (people, systems,
organizations, etc) [21,22]. Regarding technology, trust in
stakeholders who control it is often a prerequisite for trust in
the technology itself [22]. In the context of DCT, this effect
was also shown in research by von Wyl et al [23], where trust
in the Swiss government and health authorities was positively
correlated with app uptake. Trust therefore plays an important
role in technology acceptance uptake.

Technology Acceptance Concepts
There exists a series of models of factors influencing acceptance,
with the technology acceptance model (TAM) [24] being one
of the most well-known models, which includes factors such
as perceived usefulness and perceived ease of use. Specific
models for health care informatics applications have also been
developed such as the health information TAM, which includes
factors such as health status, health beliefs and concerns, and
perceived health threat [25]. In this study, we draw from the
technology acceptance lifecycle (TAL) by Nadal et al [26],
which creates terminologies to take into consideration the
temporality of technology acceptance by dividing it into three
main stages: before use acceptability (before the first use), initial
use acceptance (after the first use but before adoption), and
finally, sustained use acceptance (after adoption). Initial use is
related to the human-computer interaction literature concept of
the novelty effect (NE), which is the set of responses to initially
using technology but that does not equate to the long-term use
pattern [27], or sustained use under TAL terminology.

Several studies on NE have shown that as it “wears off,” many
users stop using the technology [28,29]. In an activity tracker
long-term use study [29], research showed that only curiosity
about the technology and data is not enough to provoke
sustained use, which tends to be associated with personal and
social motivation as well as gaming motivation. However,
studies of the NE in health informatics are related to the user’s
own health as opposed to individual action for public or
collective health, which is the case for DCT in the context of
the COVID-19 pandemic, which will be explored in this paper.
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Context of the Study
In this study, we focused on the National Health Service (NHS)
COVID-19 T&T app, which is the national DCT app for
England and Wales. The T&T app was launched in England
and Wales on September 24, 2020. The app uses Bluetooth for
contact tracing by recording locally on a smartphone the amount
of time spent with, and distance between, users. If a user has
been in close contact with someone who tests positive, the app
will notify the user and give guidance. Furthermore, the T&T
app also allows one to check in symptoms, book tests, and input
test results as well as checking in to various places such as
hospitality venues (eg, pubs or restaurants) by scanning the
venue QR code onto the app. In this study, we consider sustained
use as engaging with the above features, both in a passive (eg,
having Bluetooth tracing on) or more active (eg, checking in at
venues) manner. The T&T app had a total of 20.35 million
downloads (data from December 2, 2020) at the approximate
time of the first survey and 28.76 million (data from November
3, 2021) at the time of the second survey and interview [30].

As the T&T app was designed for use within the United
Kingdom, a breakdown of COVID-19–related events,
lockdowns, and measures is necessary for context. The first
lockdown in the United Kingdom occurred in March 2020, with
lockdown measures being legally enforced soon after [31]. In
September 2020, the T&T app was launched in England and
Wales with the hope to “help control coronavirus (Covid-19)
transmission” [32]. Multiple lockdowns followed in November
2020 and January 2021 [31]. Throughout the pandemic, multiple
school closures and reopenings occurred, with the UK
government making several U-turns in their decisions [33]. The

COVID-19 vaccination rollout began in December 2020, starting
with the most vulnerable and then gradually extending through
age groups and risk levels [34] (see the timeline in Figure 1).

Along with providing context for the lockdowns and measures
of the United Kingdom, several media events were also
significant in the public’s perception of the T&T app. In May
2020, a scandal occurred with the prime minister’s chief advisor,
Dominic Cummings, who faced public outrage and calls to
resign after driving across the country during a UK lockdown
[35]. Several months later, in October 2020, shortly after the
launch of the T&T app, the media reported an error by Public
Health England, who had been using Microsoft Excel to store
public health data and an error in formatting resulted in >15,000
unreported cases of COVID-19 [36]. In addition, as the public
continued to use the app to check in to venues, a surge in “pings”
(notifications that tell the user they need to self-isolate) occurred
in July 2021 that was labeled by the media as the “pingdemic.”
This caused multiple issues with manufacturing and hospitality,
especially because there was a legal duty to self-isolate if the
user was pinged [37]. The timeline (Figure 1, inspired by the
timeline from the Institute for Government [31]) displays the
key events as discussed: the 3 national lockdowns, school
closures, and reopenings; 3 significant media scandals; and the
2 data collection points for this research.

This longitudinal study builds on the research by Dowthwaite
et al [19], which was a quantitative study that investigated
attitudes and trust toward the T&T app. To understand this
further, this study aims to explore how such attitudes and trust
changed or were maintained over time by analyzing research
data collected approximately a year apart.

Figure 1. A timeline detailing the key events that are referred to in this research. T&T: Test & Trace; UK: United Kingdom.

Methods

Research Design
This research had a longitudinal design as questionnaire data
were collected at 2 time points roughly a year apart, with
answers being explored in detail in an interview at the second

time point. Therefore, the research had a mixed methods design,
gathering quantitative data from the questionnaires and
qualitative data from the interviews. The analysis makes use of
the quantitative data as a backdrop but emphasizes the
qualitative data collected to fulfill the aim of exploring the
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reasons for any changes that may have occurred over time in
attitudes, use, and trust toward the T&T app.

Ethics Approval
Ethics approval was granted by the research ethics committee
of the authors’ institutions (approval number: CS-2020-R80 for
the interviews and CS-2020-R10 for the questionnaires).

Participants
To study changes in attitudes toward the T&T app, participants
who took part in a questionnaire survey in December 2020 were
invited to participate in an interview approximately 1 year later
to see if and how their question responses may have changed

and why. Participants were recruited via email and social media
through the authors’ personal and professional networks (eg,
listserv mailing lists, Twitter, and Facebook) to participate in
a web-based questionnaire survey and were asked to consent to
being contacted for a follow-up interview. A total of 48 people
began the questionnaire, with 40 complete responses. From
these respondents, 16 agreed to be contacted. Interviews were
conducted with 9 participants who responded when contacted
in November 2021. They were aged between 29 and 49 (average
age 38, SD 8) years. Of 9 participants, 3 (33%) were men, 4
(44%) were women, and 2 (22%) were nonbinary (Table 1).
We did not explicitly ask about occupation, although some
participants discussed it in their responses.

Table 1. Basic demographics of participants (N=9).

Participants, n (%)Demographic

Gender

3 (33)Man

4 (44)Woman

2 (22)Nonbinary

Highest educational level

1 (11)Undergraduate degree

7 (78)Master’s degree

1 (11)Doctorate

Employment status

4 (44)Employed full-time

2 (22)Employed part-time

3 (33)Student

Ethnicity

8 (89)White

1 (11)Asian

Religion

5 (56)None

2 (22)Christian

1 (11)Muslim

1 (11)Other (not specified)

Materials and Procedure
Participants answered the same questionnaire described in an
earlier study in this journal [19], at 2 time points, between
November 13 and December 23, 2020, when the United
Kingdom was between “lockdown 2” and “lockdown 3” and
subject to a regional tier system, and between October 25 and
November 5, 2021, when most restrictions across the United
Kingdom had been lifted. The first questionnaire was
administered on the web, whereas the second was administered
as part of an interview. At the start of the web-based
questionnaire (Multimedia Appendix 1), participants were
provided with information and privacy notices and gave
informed consent to participate. Questions took the form of
either multiple choice or Likert and Likert-like scales, except

for a single open-ended question that was included to elicit
further comments. The first part of the survey asked participants
to indicate what knowledge and experiences they had of
COVID-19 and the NHS T&T app; for example, compliance
with any requests to self-isolate, whether they had downloaded
the app, and if not downloaded, then why not. Those who had
downloaded the app were then asked for their reasons for
downloading and experiences of using the app. They were then
asked about the technology and functionality of the app,
including perceived usefulness and ease of use, understanding
of how it worked, and the importance of features such as opting
in and out of contact tracing. Finally, they were asked about the
levels of trust in distinct aspects of the app, including
responsibility, security, reliability, functionality, data use, and
stakeholders and wider society.
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The web-based interview, approximately 11 months later, lasted
between 31 and 56 (average time 44) minutes. After confirming
their consent to the interview, the interviewer started recording
the session and shared their screen with the participants. The
questions from the earlier questionnaire were shown to the
participants, presented in groups as they were in the original
survey, without their previously provided responses (Figure 2).
Participants were asked to respond to the questions as they
would now, and these responses were added to the slide; then,
they were shown their original responses of the year before.
Any changes were then probed; for example, why they felt more
positive or negative or why they thought they responded a

particular way originally but not now. This was done to provide
a visual reminder to the participants of the questions and their
responses, which could easily be compared between slides, and
to provide a focus during the discussion. Following this, they
were asked to summarize how their experiences with the T&T
system had changed since they filled out the questionnaire, how
they feel about the app and T&T, and how their actions had
changed over the previous year. They were also asked how their
trust in T&T had changed and whether the rollout of vaccines
affected this. Finally, they were asked to highlight any specific
media stories, events, or other factors that had affected their
trust in T&T.

Figure 2. Example of a question block displayed to participants. After being shown the blank slide, they fill in their current answers in November 2021
(A). After this, they are shown their previous responses from December 2020 (B) and they can refer back between slides as visual reminders of their
responses during their interviews as indicated by (C). NHS: National Health Service.

Analysis
Interviews were recorded through Microsoft Teams and
transcribed through a 2-step process: first, by generating initial

automated transcriptions through Microsoft Stream and then
by thoroughly listening to the interview recordings and revising
the transcripts to ensure accuracy.
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The initial questionnaire data from December 2020 were
downloaded to a spreadsheet, and after the interviews, new
responses to each question were added. The difference between
initial and second responses was calculated numerically for
statements where possible (Figure 3). No other summary
statistics or any inferential statistics was calculated because we
were interested in the within-participant changes in response.
Because of the nature of repeated responses, where minor
fluctuations in response may be expected day-to-day, it may
reasonably be expected that a change of a single point (eg,

strongly agree to agree) may not represent an actual change in
opinion; only changes of ≥2 points are reported. This means
that a participant would have at least changed from strongly
agree or disagree to neutral, agree to disagree, or vice versa. A
change factor was reported (Figure 3) by calculating the sum
of each participant’s change points, regardless of the direction,
to summarize the amount of general change in trust and
perceptions of the T&T app each participant had experienced
over time.

Figure 3. Change in questionnaire responses between December 2020 and November 2021 by the participants. Dark red (1) for strongly disagree up
to dark green (5) for strongly agree and gray for not applicable (for participants who did not have the app installed at the point of interview). Positive
and negative changes of ≥2 points are indicated by integer and color gradient. Participant columns are ordered by ascending change factor, which
indicates the sum of ≥2 change points by the participants. NHS: National Health Service; UK: United Kingdom.

The first 3 authors conducted a thematic analysis of the
interview data by following the 6 phases established by Braun
and Clarke [38]. The data were analyzed from an experiential
perspective with the aim to capture and explore people’s own

perspectives and understanding [39]. The 3 authors familiarized
themselves with the data by (1) first correcting 3 interview
transcriptions each and then reviewing the whole data set and
then (2) inductively generated initial codes aiming to capture
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both semantic and latent meanings. The authors used a list of
common terms characterizing the interviews for creating the
codes, but no predefined concepts were searched for while
coding the data. The process was conducted using Microsoft
Excel through an index system to track each code generated
and match it with the corresponding raw data. The authors then
(3) reviewed each other’s work once all interview transcriptions
were coded and collaboratively searched for candidate themes
by collating the codes, which then (4) were reviewed and
developed into themes and subthemes. These were (5) named
and defined and (6) elaborated at length in writing, selecting
relevant data extracts for illustrating them.

The 3 authors kept a reflexive journal throughout and kept
ongoing reflective discussions for considering possible biases
and personal perspectives in relation to T&T and the overall
pandemic experience to be aware of their influence on the
analytical process. All 3 authors had different personal
experiences of using the T&T app, from never downloading the
app, to experiencing flaws, and continued use; hence, the overall
perspective on the T&T app felt balanced. The collaborative
analysis further enabled a more nuanced understanding of the
data, rather than aiming for a consensus about the meaning [38].

Results

Summary of Responses and Themes
The comparison of responses given by the participants on the
2 study time points (December 2020 and November 2021) is
summarized as a chart indicating positive, negative, and no
changes, as well as the overall change factor (Figure 3).
Participants D and F deleted the app between the initial
questionnaire study and the interview study; participant I never
downloaded the app and did not intend to do so; the remaining
participants downloaded the app and still had it on their phones
at the time of the interview. Further details about the
participants, such as demographics and a summary of individual
responses and changes, are provided in Figure 2 and Multimedia
Appendix 2.

A total of 6 themes were developed (Multimedia Appendix 3)
from the analysis of the 9 interviews. As the interview transcripts
were coded inductively, the sixth theme was not entirely relevant
to the research aims; therefore, in this study, we concentrated
on elaborating 5 themes relevant to the research objectives (as
stated in the Introduction section). Themes revolved around the
T&T app as experienced by participants, who highlighted several
encountered and perceived flaws (T1) and reported different
degrees of trust in it (T2). Themes further developed around
participants’ trust in stakeholders, with reported general low
trust in the government owing to their poor pandemic handling
(T3) and a mix of trust in other stakeholders based on their
perceived competence and intentions (T4). The final theme
revolved around participants’ changing experiences over time
in relation to the T&T app, their general compliance and trust
in stakeholders, as well as decreased exposure and reports
observed over time (T5). In the following sections, the 5 themes
are elaborated on, including participants’ quotes and references
to their changed or maintained responses (Figure 3).

T1: Flaws of the T&T App Perceived and Experienced
by Participants

1a: Lack of Technical Advance and Lack of General
Public Uptake
Participants mentioned practical issues related to the proximity
measures of the app relying on Bluetooth, including not having
it on all the time and its effectiveness in helping track exposure
to the virus, especially in complex social contexts. Trust over
time that the app is reliable and does its job is broadly negative
to neutral (Figure 3):

I’m not sure that the proximity of devices like smart
phones is a good indicator of risk of exposure to an
airborne virus. [Participant E; motivation of use for
self-protecting has decreased; change factor of 9]

And there were so many cases of people I knew being
told to self-isolate who had absolutely no
contact…Yeah, you could be next door neighbours
with somebody and have no contact with them and
still get told to self-isolate and you had no come back
on that. [Participant F; the app’s perceived usefulness
to self has decreased by 4 points and trust in app
reliability and effectiveness decreased by 2 points;
has deleted the app; change factor of 18]

Without contextual information, people can’t make
good choices about what the information means. So,
the stories that came out very quickly about phones
being left outside of lockers in hospitals, and NHS
staff being pinged because they didn’t turn the app
off...You know, people who were getting pinged from
across closed walls and things. [Participant I; initial
negative perceptions of the T&T app that were
maintained over time; never downloaded it; change
factor of 4]

Moreover, in the view of the participants, the existence of these
issues has contributed to the general public abandoning the app.
Trust over time that most people will download and self-isolate
is broadly negative to neutral (Figure 3):

If people are not using it, then the T&T app it’s like
useless. [Participant A; general positive motivations
and attitudes toward the app but decreased belief that
people will download it; change factor of 12]

It’s just technology that is so novel and that it breaks
very easily and also people can just choose to not use
it, so there’s many obstacles for it to be efficient.
[Participant B; decreased motivation of use to protect
self and society and decreased belief that others
influence own actions and others will download the
app; change factor of 25]

1b: Lack of Consideration of User Diversity
The participants expressed that the design of the app did not
consider different sets of users and their specific needs and
situations. For example, there were sociotechnical flaws arising
from the unique conditions of frontline workers, as mentioned
by participant F:
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Because I was every day in school with kids, they
weren’t testing. We were basically hung out to dry…I
think our situation was so different. If I had it [the
phone] on all the time in school, I’d have been pinged
so many times to self-isolate. [Participant F; decreased
perceived usefulness to self by 4 points and decreased
trust that app is reliable and effective by 2 points; has
deleted the app; change factor of 18]

Participants also mentioned other sets of users who were not
considered by the app designers, such as people sharing
workspaces and households and varying levels of smartphone
users. Participant I summarized this as follows:

And to me the test and trace app was designed with
such a Tory model of the world [i.e. this could be
interpreted as a conservative and upper-class view],
that smartphone users were professionals, that they
weren’t frontline users, and that they wanted
information or would use an app. That the idea that
it would be older users with older phones, that it
would be people without the latest smartphone, that
it would be people who would have a difficulty
navigating smart phones. I just felt like there was so
many missed opportunities to have a model of a user
who didn’t fit, who Downing Street [UK government]
was clearly designing this thing for. [Participant I;
initial negative perceptions of the T&T app that were
maintained over time; never downloaded it; change
factor of 4]

1c: T&T App Designed for Individuals Rather Than a
Collective Effort
For participants, adherence to the guidance and general uptake
of the T&T app as a collective action was needed for
effectiveness. However, some participants considered that it
was designed for individual action and responsibility instead
of creating an app modeled by mutual aid:

Having the app puts the responsibility of using it on
the individual, it’s like it’s not a communal or
collective solution. It’s very much like, does this
person have a phone that can support this? Does it
have Bluetooth well enough? Does the location
tracking work? Is there enough battery for people
who have an older phone? Or maybe do not even have
a phone at all. [Participant G; initial mistrust of the
T&T app that remained unchanged over time; change
factor of 10]

Participants felt that the T&T app did not help society in general,
but simply their closest circle, and that it made people lose their
goodwill in the general public:

I don’t really know what that means completely, I feel
like I’m helping only my small circle as much as I
can, but I don’t think I can affect like the broader
society. [Participant B; decreased motivation of use
to protect self and society; change factor of 25]

1d: Lack of Clarity and Certainty in Understanding of
the T&T App
When prompted to talk about how the T&T app works, there
was a lack of certainty in the participants’ answers. In the
survey, they reported a good understanding of the app and
strongly agreed with the need to have explanations and
verifications by the T&T app (Figure 3). While some
participants mentioned that decisions were made by a
combination of the T&T app and humans, other participants
mentioned that the decisions were made only by the T&T app.
A few participants were in both groups as their answers
depended on the specific context discussed (eg, the existence
of regional clusters will be handled differently). The participants
mentioned their lack of understanding and certainty regarding
how the app works and the extent of human involvement in the
system:

I’m also realising how embarrassingly little I know
about how this app works...but my assumption is like
almost all automated. I just feel like somewhere in it
someone’s got the ability to be like let’s send a
message. [Participant H; mix of positive and negative
responses that remained broadly the same; change
factor of 4]

You know what? I don't know. I think originally, it
was humans and the app, but I think they may have
made it more—I'm going to say app only…There are
certainly people in the system. But come to think of
it now, I think I'm actually very sure they're probably
not involved in decisions as to whether or not
self-isolate someone. [Participant C; reported a good
understanding of how the app works that was
maintained over time; change factor of 8]

1e: Suggestions Given to Improve the T&T App
As the participants discussed which aspects of the T&T app
were seen as flawed, they also gave suggestions on what could
be improved. Most of the suggestions were related to messaging
and communication:

I feel like it could have been designed
around…positive feeling. Here’s a little something
“Oh it’s cool that you’ve checked in” or “You
checked in five times.” Not to gamify everything,
that’s also really bad, but I think just a little “Thank
you for having on contact tracing” that “You’ve been
outside, you are good, remind your family and friends
to do that too”...that would have been nice.
[Participant G; maintained motivations and attitudes
to protect self and others; change factor of 10]

There were also calls for the T&T app to be more
human-centered with simpler and manual check-ins and to help
the human T&T team with options to verify the app to avoid
scams.
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T2: Trust in the T&T App Differs Based on Perceived
Usefulness and Functionality

2a: Varying Degrees of Trust
Trust of the participants was primarily based on app
functionality and effectiveness. Thus, if the participant believed
these factors to be flawed, then trust was low, whereas if the
app was thought to be effective, then trust was higher. For
example, some participants saw media stories such as the
“Pingdemic” (Figure 1) and the fact that real consequences
occurred such as shutting down venues as signs that the app
was working effectively and thus trust was higher. Whereas
other participants thought that the app had poor functionality
and effectiveness, which led to a loss of confidence and trust:

The “Pingdemic” in my mind just shows the app was
doing its job because you know Covid was on the rise
and people were getting pinged for it. So, I suppose
yes, in that case, I probably do think that it’s doing
its job. [Participant C; initial trust in the app that was
maintained over time; change factor of 8]

Whereas I think if it had worked properly and people
had trusted it, then maybe we’d be in a better situation
now. [Participant F; decreased perceived usefulness
to self by 4 points and decreased trust that app is
reliable and effective by 2 points; has deleted the app;
change factor of 18]

Your trust is very surrounded by the fact that it works
or not. [Participant I; initial negative perceptions of
the T&T app that were maintained over time, never
downloaded it; change factor of 4]

2b: Flawed Development and Lack of Explainability and
Transparency
This subtheme links to the TAM [24] constructs: perceived
usefulness and perceived ease of use. As the T&T app was seen
as flawed in both aspects by participants, their acceptance and
trust in the app were low. Reasons given for mistrust in the app
included flaws such as the T&T app creators’ lack of
understanding and consideration of all the complex factors
needed for the app to be effective and the lack of explanations
behind notifications:

You know if there could have been any explanation
as to why I was being pinged and my husband wasn’t.
That would have really helped. [Participant D;
decreased perceived usefulness to self and decreased
trust in app effectiveness and trustworthiness; has
deleted it; change factor of 9]

I mean, it doesn’t bother me that an outside agency
built the app. I just don’t think they built it very
well...I don’t think they knew what they were doing...in
their ability to understand the socio-technical
complexities of the assemblage that needs to be put
in place for this thing to work. [Participant I; initial
negative perceptions of the T&T app that were
maintained over time; never downloaded it; change
factor of 4]

2c: Human T&T, Physical Measures, and Human
Guidance
Participants had a strong view that human T&T and physical
measures, such as mask wearing, social distancing, and
ventilation, were more trustworthy than the T&T app because
the app was fundamentally flawed. In addition to higher trust,
there was also a sense of control gained from complying with
physical measures, which in turn made participants feel safer:

It might be a side effect of this pandemic, that we’re
all looking perhaps for a little bit more control. But
also, it’s going to give me a result which I have more
confidence in, particularly doing regular
testing...Whatever is the result of my weekly tests,
that’s something which I know I can act upon or deal
with, whereas with a ping, all that is, is basically a
cause of stress really. [Participant D; decreased
perceived usefulness to self and decreased trust in
app effectiveness and trustworthiness; has deleted it;
change factor of 9]

Human contact in the T&T app was regarded as important
(Figure 3). This was done for multiple reasons, such as ensuring
accountability, verifying automated decisions, and avoiding
unnecessary actions such as self-isolating:

There’s an element of it where I think anything that’s
algorithmic or AI or machine learning...I want some
human accountability somewhere in the chain. And
that’s more of a principle thing. It’s kind of less about
the app, it’s more about like I’m fine with you using
AI to improve the service but I still need some
accountability and some ability to say, “well, why
was this decision reached? How was this decision
reached?” And its impact on me. I think a human
[needs to be] somewhere in that system. [Participant
H; mix of positive and negative responses that broadly
remained the same over time; change factor of 4]

T3: General Low Trust in the Government Owing to
Poor Pandemic Handling, Including Procurement of
the T&T App

3a: Inconsistent Decision-making and Lack of
Compliance
Participants felt anger and frustration toward the UK government
because of mixed messaging and the perceived hypocrisy of
making rules yet not following them. This, along with perceived
poor and inconsistent decision-making throughout the pandemic,
led to participants’ low trust in the government:

I think all the mixed messaging, basically saying “now
Covid's your problem, you decide if you want to wear
a mask or not,” I just think all of that plus an app
which is unreliable just makes you not feel
particularly trustworthy. [Participant D; initial
negative trust in the UK government that has remained
unchanged and decreased trust in the app; change
factor of 9]

I think over the last year we’ve had a number of cases
of political leaders in England and the UK...who

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40558 | p.605https://www.jmir.org/2022/10/e40558
(page number not for citation purposes)

Pepper et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


appear to have either not been following the rules or
have been following them loosely, shall we say, and
I think that would have affected trust around these
things. [Participant E; initial negative trust in the UK
government that has remained unchanged; change
factor of 9]

3b: T&T App Creation and Data Management
Another reason for reported mistrust in the UK government was
the doubt around the creation of the app and how the data were
collected, stored, and processed. Several aspects reported in the
media, such as the Excel incident, technical decisions, and
money spent, in addition to the UK government’s history of
failures with technology projects, all resulted in a general
mistrust in the government and questioning of their intentions
regarding data management:

Because I am a data scientist, so I know what kind of
data people use. I just wouldn’t want this to be an
exercise of the government to collect free data under
the excuse that it’s for the national security. Yes, I
just don’t really know who and where this data will
be stored considering the problem that happened to
that Excel file. It just throws a shadow over anything
else. [Participant B; decreased trust in Big Tech;
change factor of 25]

The government and big IT projects, I mean, you know
there’s been a history of failure there, hasn’t there?
But I just think this was so important to try and get it
right and they didn’t. [Participant D; initial negative
trust in the UK government that has remained
unchanged and decreased trust in the app; change
factor of 9]

3c: Tensions Between Enforcing the T&T App and
Opting Out of Tracing
Within this subtheme, participants expressed morally complex
views about their ability to opt in and out of contact tracing.
Although participants believed that the freedom to opt-out of
contact tracing was important, they also believed that this was
a complex decision as the T&T app requires contact tracing to
be turned on to be effective. Furthermore, the importance of not
only user control within the T&T app (being able to opt-out)
but also the need for transparency was highlighted:

It’s good for people to have a choice. I mean, yeah,
just for people to have a choice to have this contact
tracing or not where I ideally—so I think it should be
mandatory—so that the virus is not spreading. But at
the same time people should have the choice to opt
in or out I think. [Participant A; increased belief that
opt-out should be an option; change factor 12]

For me the whole point of having the app is for the
contact tracing. If I was turning off contact tracing,
I might as well uninstall the app. [Participant C; initial
disagreement with the idea of opting out of tracing
was maintained over time; change factor of 8]

3d: General Disapproval of the Government's Actions
During the Pandemic
This subtheme was substantial and included a variety of reasons
why participants disapproved of the government’s actions over
the course of the pandemic. A common opinion among the
participants was that the government handled the pandemic
poorly and could have implemented the T&T app more
effectively. The measures suggested by the government were
also thought to be elitist in principle and punished the diverse
UK population, including the working class and frontline
workers. In addition, the government was considered
overconfident, which led to a premature relaxation of rules, with
multiple participants reporting that rules and enforcement of
rules should have been stricter to improve compliance and
reduce case numbers. This was accentuated by some
participants’ comparison of the England T&T system to
pandemic handling in Scotland, which was thought to be clearer
and stricter and thus more effective:

I was thinking I didn’t agree with how the UK
Government handled Covid in general...This is a lay
person’s opinion, but I would have liked much more
conservative approach, let’s say closing down earlier.
Much more money for people to stay home. Extended
furlough. Everybody gets Universal Credit. That’s
what I would have done but I didn’t have to crunch
the Excel sheet, so it’s easy for me to say that.
[Participant G; initial low trust in the government that
remained unchanged; change factor of 10]

T4: Varying Degrees of Trust in Stakeholders

4a: Relationship Between Perceived Intentions and
Competence
Participants’ reported trust in the rest of the stakeholders (ie,
private contractors, Big Tech, large and small hospitality venues,
local councils, and the NHS) varied in a spectrum of their
perceived intentions and competence exhibited throughout the
pandemic:

If we’ve got a spectrum of competence and then good
intentions, Serco, Capita et al. private contractors,
they’re ranking dead last on both criteria. I regard
them as both incompetent and malicious. Tech
companies I regard as competent and malicious. So,
they end up in the middle and then with small
hospitality venues, not malicious, like none of the rest
really I’d put down as particularly malicious. I’d say
that chain restaurants are largely malicious...So for
them, I’m measuring on a competence basis...For
NHS they get a four because of some worries on
competence, the UK Government get a four because
of some worries on maliciousness. There’s, there’s a
chart here. [Participant H; mix of trust in
stakeholders; change factor of 4]

Building on this categorization stated by participant H, further
subthemes were developed in which participants reported mixed
feelings regarding trust in stakeholders. These feelings of trust
or mistrust depended on stakeholders’ perceived intentions and
competence, as expressed by the participants (Figures 4 and 5).
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It is worth noting that these figures represent the generalized
perceptions of participants’ views regarding stakeholders and
are not intended to be an objective grading or make any
assumptions about stakeholders’ actual competence or
intentions. In addition, these are not equally weighted reflections

of the views of all participants involved in the research, as not
all participants mentioned all stakeholders, but rather are used
here to illustrate participants’general reasoning for trusting—or
not trusting—such stakeholders.

Figure 4. Overall reported trust in stakeholders based on their perceived intentions and competence. Figure created based on data from Figure 3. Color
key represents average trust across participants (where decimals were rounded to the closest integer) at the 2 time points. Gradient represents change
of average trust over time (from left to right), and solid color represents no change in average trust over time across all participants. The size of colored
areas aims to illustrate the number of participants that mentioned the stakeholder in question. This figure is meant to illustrate generalized perceptions
gathered from interview and survey data and does not represent statistical measurements found in the data. NHS: National Health Service.

Figure 5. Participants’ positive and negative views of stakeholders that influence participants’ trustworthiness.

4b: Big Tech, Private Contractors, and Large Hospitality
Venues
Overall, participants reported mixed feelings regarding Big
Tech and large hospitality venues, as their capabilities for
managing T&T were regarded as stronger in comparison to the

rest of the stakeholders. Some participants mentioned their
reputation, expertise, infrastructure, and level of involvement
in T&T, all of which provided a general sense of high
competence despite the known mistakes and issues arising
throughout the pandemic:
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The bigger you are, if you’re a larger venue you might
have like a, you know, data control officer...you know,
you’re large enough to have a corporate policy on it,
you know there’s at least 50/50 chance that was
followed in your particular franchise, so I just think
the odds of it being handled appropriately increase
once you’re a large chain just cause you’ll have that
corporate infrastructure underpinning it. [Participant
H; neutral to negative trust in large venues; change
factor of 4]

Nevertheless, participants expressed general concerns about
those main stakeholders (Big Tech, private contractors, and
large hospitality venues) for various reasons related to their
perceived maliciousness. Big Tech was the primary stakeholder
occasioning low trust in this regard. Participants tended to group
Big Tech and private contractors as similar entities, and thus,
some reported having generally low trust in both. Concerns
were linked to the potential misuse of personal data and a
perceived interest in getting involved with the T&T app only
for profit. Similarly, when comparing small and large hospitality
venues, the participants reported lower trust in the latter because
of the potential for using T&T data for their own benefit:

It just doesn’t seem feasible to me that somebody such
as a big company would be involved without getting
something in return. There must be some sort of
profit-making. [Participant B; decreased trust in Big
Tech; change factor of 25]

4c: Small Venues, Local Councils, and the NHS
Conversely, the remaining stakeholders were considered not
particularly malicious; however, their specific conditions such
as bad outcomes, poor infrastructure, or decentralized procedures
were sources of mistrust in them having the capability to
adequately handle T&T activities. Participants mentioned
trusting the NHS slightly less because of the rising COVID-19
cases. Some participants pointed out the poor treatment of
personal data handled at small venues when manually checking
in. In fact, most changes in trust to stakeholders occurred in
regard to small venues (Figure 3). Similarly, participants
recognized that local councils have less budget and poor
communication with the centralized government:

I would say just from kind of experience that small
businesses have a harder time doing data security
and data protection work and that larger companies
tend to have much bigger infrastructure for doing
that. [Participant I; neutral trust in most stakeholders;
change factor of 4]

Despite participants’ concerns about how these stakeholders
managed T&T and other pandemic-related matters, there was
a general feeling of trust in them regarding their intentions. In
fact, participants strongly empathized with small hospitality
venues, and although they stated that their T&T procedures
were not ideal, the harsh conditions they have been through
with the pandemic were acknowledged, and thus, their efforts
in following guidance were recognized. Similarly, participants
considered that local councils made good efforts in handling
pandemic issues at their local level and were perceived as more
consistent than the central government. Some participants also

expressed an existent or renewed general trust and appreciation
for the NHS, as it had been put through difficult times:

The smaller they are the more sorry I feel for them.
They kinda had to do their best. And I remember the
time when we still had to sign manually which I
assume must have been a nightmare. Especially
considering they would have to close down if they
didn’t have it. So I do trust them...I don’t think data
was misused. [Participant B; increased trust in small
venues, local councils, and NHS; change factor of
25]

4d: General Mistrust and Uncertainty Regarding
Institutions Involved in T&T
Participants reported an overall mistrust of the “whole system,”
on occasions specifically referring to the central government
(as detailed in T3: General Low Trust in the Government Owing
to Poor Pandemic Handling, Including Procurement of the T&T
App section) and at other times conflating Big Tech
organizations and other government dependencies. Further,
other participants stated a general mistrust of real-world project
development, pointing out gaps and malpractices, as well as
general concerns regarding personal data treatment regardless
of the institution. Nonetheless, these participants acknowledged
that some compromises were needed for practical reasons for
getting through the pandemic:

I wouldn’t say it’s about trusting the app. I just think
the whole system’s a bit broken. [Participant F;
decreased trust in small venues and the UK
government; change factor of 18]

T5: Over Time, Public Consciousness and Compliance
Have Lessened Regarding the Pandemic

5a: Compliance Has Generally Drifted Away Over Time
This subtheme is substantial. Participants reported varying
degrees of compliance with the use of the T&T app as well as
other social distancing and isolation guidance. The degree of
participants’compliance with the guidance was based on internal
and external factors. Participants reported following the
pandemic measures, including the use of the T&T app to protect
others, mentioning a sense of social responsibility. Although
participants reported complying with the T&T app despite seeing
it as flawed or untrustworthy, they still believed it should be
used:

My loss of privacy in the bigger scheme of things is
not as important for this period of time than
potentially protecting the grandma next door. So, I
downloaded [the app] despite my concerns.
[Participant G; initial mistrust of data used responsibly
and securely that remained unchanged, but high
motivation of use to protect self and others; change
factor of 10]

On the other hand, when participants reported low compliance,
they mentioned a combination of reasons, including the
relaxation of the rules and the inconsistency and lack of
coherence of guidance. People mentioned still relying on other
physical measures such as testing and mask wearing, as well as
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a sense of security from being vaccinated. Participants also
adapted the rules and guidance according to their own common
sense; that is, what they viewed as the most effective or
convenient solution for their specific situation:

It seems to be a combination of the vaccine, a
combination of frustration over the length of the
pandemic, or just that sheer, “I’ve gotta live my life.”
And, for some friends and families, it’s financial
pressures. [Participant E; initial negative trust in app
that remained broadly unchanged; change factor of
9]

I was every day in a class of 30 kids with no social
distancing. It kind of became a bit of what’s the point?
[Participant F; decreased perceived usefulness to self
by 4 points and decreased trust that app is reliable
and effective by 2 points; has deleted the app; change
factor of 18]

First time I had to use my Covid passport and stuff
like that to get into places I was really happy, I just
decided you know what, “I’m now in control of this
myself, I’m not having the app.” [Participant D;
decreased perceived usefulness to self and decreased
trust in app effectiveness and trustworthiness; has
deleted it; change factor of 9]

I wanted to comply, to self-isolate. And I’d have to
cancel the hotel, the trains, and it means a cost for
me. So yeah, I did not comply. But we took the test,
and we were tested negative, so we proceeded with
our holidays. [Participant A; decreased trust that
people will download the app; change factor of 12]]

Interestingly, participants described experiences of compliance
fading over time. These experiences referred to participants’
own compliance behavior changing, as well as other external
factors such as the perceived behavior of the general public.
Moreover, participants consistently reported observing venues
not complying or prompting customers to follow T&T measures
anymore, such as manually entering their details or checking
in using the T&T app. They further expressed decreased
visibility of QR codes at venues. Some participants believed
that this was because T&T came across as not being needed
anymore, and others said it reflected how it went out of public
consciousness over time (see 5d: Media Exposure Has
Decreased section), although it could still be potentially useful:

The QR codes are still going on. I don’t think many
people are using them. I do try to do them when I
remember...and quite honestly, I find myself
forgetting. [Participant C; increased trust that people
will download the app and isolate; change factor of
8]

It [T&T App] feels less important now it’s less visible.
It’s significantly less visible, and I see many of my
friends and family pretty much unaware of that test
and trace is still going almost. The other things are
because they know the visibility of the whole engine
has gone, I still think it could be very important in
tracking down outbreaks or in spotting new variants.

[Participant E; decreased motivation of use to protect
self; change factor of 9]]

5b: Early Interest and Curiosity in the T&T App Has
Not Sustained
The participants also expressed dedicating some time to
investigating on the web about the T&T app when it was first
announced and released and were mainly curious about T&T
app functionality. Some participants were concerned about data
protection and thus closely followed media reports about T&T
app development. However, participants also acknowledged
that they stopped reading about the app, both because there were
not as many media reports as at the beginning of the pandemic
and because some eventually lowered their use of the T&T app:

Early doors I did, so when it first came out and the
conversations were around, cause they partnered with
like Google and a couple of other tech companies,
and I was interested in the conversations about how
much personal data was in there, how would be used,
well like protections…So I was interested at that
point, I can’t say I’ve read anything about the
Covid-19 app in the last six months. [Participant H;
mix of positive and negative responses that broadly
remained unchanged; change factor of 4]

5c: Changed and Sustained Feelings Regarding T&T
App
Finally, this subtheme was developed to reflect the participants’
changed and sustained feelings toward the T&T app. Participants
who initially had negative expectations or assumptions about
the app maintained those negative perceptions over time because
of the government handling of the pandemic (described in T3:
General Low Trust in the Government Owing to Poor Pandemic
Handling, Including Procurement of the T&T App section) and
the drop in T&T app use (described in 5a: Compliance Has
Generally Drifted Away Over Time section):

I was very sceptical and nothing has changed to make
me less sceptical. I was very sceptical that it would
work and you know, I’m, I consider myself very
socially minded so I do believe in the good of society.
I would care about the good of society, right? But I
didn’t see how the test and trace app was actually for
the good of society. [Participant I; initial negative
perceptions of the T&T app that were maintained over
time; never downloaded it; change factor of 4]

Moreover, only one participant accounted for their positively
changed trust in the T&T app over time, which was prompted
by their questionnaire answers from a previous study:

I think a lot of it is because I took that survey really
early on in getting the app and at the time I do think
there were more problems with it. Bugging out or
crashing or being a bit crap. And it’s kind of proven
itself and had a couple of improvements overtime. So
I’ve probably yeah, I’ve probably grown to think the
app is better than I did when it first launched for it
seemed a bit more slapdash. [Participant H; increased
trust in app reliability; change factor of 4]
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5d: Media Exposure Has Decreased
Although some participants reported media content adding to
people’s negative perception of the T&T app, over the last year,
the media content regarding T&T has decreased in favor of
other topics considered more sensational. Some participants
believed that the media and the government should increase
exposure of the T&T app so that people are reminded of its
existence and thus are prompted to use it:

I think that then it says on the UK Government to talk
less about it. So it makes me, and maybe people, less
concerned about it. So maybe if you just keep it in the
same level. I mean, keep informed, persuade us to use
the T&T app or to still doing the measures. They talk
less about it, I think. [Participant A; decreased trust
in small and large venues, positive unchanged trust
in the UK government; change factor of 12]

Didn’t think it was such a newsworthy thing anymore
because there was, I mean pick, take your pick in all
the things, in the scandals and what people do. And
it is also not very juicy reporting to kinda “Oh we’re
still using the app,” “keep using app”…There’s much
more juicy [stuff] to read about so, I think it just
became boring probably. [Participant G; initial
negative trust in most stakeholders that remained
unchanged; change factor of 10]

Discussion

Principal Findings
A total of 5 themes were developed from the qualitative
interview data, finding multiple reasons for changes in use of
the T&T app. These are also reflected on the varied change
factor in survey responses over time, the lowest being 4 points
and the highest being 25 points. The largest contributors to
change over time were the flaws experienced when using the
T&T app (T1) and the lack of trust in the UK government
because of how the COVID-19 pandemic was handled (T3).
Other factors influencing trust included perceived usefulness
and functionality of the app (T2), trust in stakeholders (T4), and
public consciousness and compliance lessening over time (T5).

The results of this study elucidate on the concept of sustained
use in the context of DCT, which for the T&T app consisted of
a range of actions, some more passive than others; for instance,
keeping Bluetooth tracing on or more actively scanning the QR
codes at public venues. In this paper, we move beyond the TAM
model [24] and instead adopt the concepts proposed by the TAL
model (ie, the transition from preuse acceptance to initial and
sustained use) [26] to explain participants’experiences with the
T&T app over time, which are influenced by their perceived
usefulness and ease of use among other factors such as trust in
the stakeholders involved. After a year of use, the NE of the
T&T app wore off, as expressed in T5, in line with the literature
[28]. Personal and social motivations to use the app have also
changed (Figure 2), which are some of the factors that lead to
sustained use of technology [29]; however, a few participants
continued using it as it was a requirement for their job.

Trust is a complex topic but was generally reported to be
influenced by a combination of perceived intentions and
competence. Over this year, participants’ trust in involved
stakeholders has also slightly changed according to Figure
3—trust in government (partly because of the scandals discussed
in the introduction), large venues, and Big Tech decreased; trust
in local councils and NHS increased; and trust in small venues
increased for some participants and decreased for others (T3
and T4). There were some slight differences between the trust
scores given in the surveys and the findings from the interviews.
Furthermore, when the survey trust scores were averaged from
both time points, most changes were not substantial (Figures 3
and 4), which further establishes the variable and subjective
nature of trust. Trust in the stakeholders that form the app’s
ecosystem influences trust in the app and its uptake [22,23].
The combination of the NE “wearing off,” lack of personal and
social motivation for app uptake, and general low trust in T&T
app stakeholders were reasons given by participants explaining
their change in the use of the T&T app, as markedly evidenced
by 2 of the participants deleting the app between the initial
survey and the interview.

Studies investigating attitudes toward DCT apps have identified
that people were positive about and intended to use them to help
mitigate the spread of COVID-19 and protect others [3,11],
which is broadly reflected by the statements provided by the
participants of this study (Figure 3). Nonetheless, our results
suggest that although social influences can be a motivator for
adoption [7,10,16], changes in the use of the T&T app were
occasioned by several factors such as experienced and perceived
flaws, mistrust surrounding the whole app ecosystem, and
everyday life practicalities and contingencies. Then, this study
both confirms the intention-behavior gap identified in previous
studies of DCT [11] and contributes to providing some of the
reasons for its occurrence.

In line with the fifth theme developed in the thematic analysis,
media representation and concern regarding the pandemic
lessened over time, which appeared to have a direct effect on
the behavior of participants. Although the initial intention to
use the T&T app was positive as discussed earlier, the
normalization of the pandemic in the media, along with a
growing sense of pandemic fatigue, led to decreased use or
deletion of the T&T app. Normalization and pandemic fatigue
were therefore 2 key factors that had an impact on the
compliance and behavior surrounding the use of the T&T app,
despite the initial intention from participants to continue using
the app. A further explanation for the lack of trust and poorly
sustained use of the T&T app could be a “learned helplessness”
developing in individuals because of consistent failures from
both the UK government and from the technological capabilities
of the T&T app. “Learned helplessness” is a learned state that
develops from powerlessness arising from uncontrollable
traumatic events, leading to the general belief that a situation
is unchangeable [40]. As the COVID-19 pandemic was out of
anyone’s individual control, and efforts to reduce the spread of
the virus were appearing unsuccessful owing to the rise in cases,
it is possible that people began to feel a sense of learned
helplessness, which in turn led to complacency with using the
T&T app. These explanations are consistent with previous
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findings, which highlight that a decrease in concern, low trust
in political systems, and complacency can negatively affect the
adoption of DCT apps [41,42].

Measures to stop the spread of COVID-19, like the uptake of
DCT, are of a collective nature owing to the behavior of the
virus. This tension between the need for a collective response
and the individual-based design of the T&T app is shown in
subtheme 1c. Fischer [43] demonstrated that the
individual-collective nature of a society influences its collective
actions regarding COVID-19 behavior, where more
economically advantaged and individualistic societies have
weaker collective action properties such as this study’s context
(United Kingdom). Thus, the cultural context of the United
Kingdom could be another factor influencing the
intention-behavior gap identified in this study.

Finally, as some have started to point out [16], the results of
this study divert from previous work reporting privacy and
security concerns as major barriers to the adoption and use of
DCT [3,4,44-47]. Although some participants stated having
such worries, the perceived benefit of DCT overtook them. This
occurrence may also be explained by the normalization of
affective discomfort [48], by which people continue using apps
despite considering them as dubious. Hence, although privacy
and security may play an important role in the initial adoption
and use, in the long term, these concerns moved to the
background for our participants, possibly facilitated by a lack
of major data breaches taking place. Furthermore, this study
expands on the reasoning for mistrust in governments deploying
DCT, beyond worries of massive surveillance [3,46]; as
elaborated in T3, it is also constructed by people’s assessment
of the government’s capabilities for managing the pandemic
and creating and managing the T&T app.

Practical Implications
Although this study operates in the specific context of the United
Kingdom, several implications and lessons can be learned from
the individual and collective experiences of people with the
T&T app after a year of deployment. First, participants
encountered by themselves, or as well-known social occurrences,
a number of flaws with the app ranging from technical issues
to little consideration of user diversity and how the app would
be used in different situations. Moreover, the participants
expressed a lack of clarity and certainty in their understanding
of how the app works. Therefore, although people have good
intentions to support society (Figure 3), or even if the apps are
marketed to appeal to good citizenship and collectivism
[7,10,49], our study suggests that if people do not see how DCT
is achieving such a goal, sustained use becomes hindered.
Alternatively, people who continue using the app do it despite
not being sure if their actions are contributing to controlling the
pandemic. Although this research suggests such implications,
it is important to maintain that these conclusions were gathered
from a small sample and cannot therefore be widely generalized.

The implication for future DCT systems is that besides
considering a range of real-world scenarios (eg, multioccupant
or shared-wall households) and a diverse set of users (eg,
frontline workers), they must provide further contextual
information to explain to users how decisions are being made

by DCT apps and ensure transparency of the technical (eg, false
positives) and practical (eg, effectiveness at large) matters.
Moreover, this study shows that the deployment of DCT apps
should go hand-in-hand with other measures to avoid provoking
perceptions of uselessness. At a very minimum, DCT apps
should keep being promoted over time by the organizations
involved in deploying them. Other steps to improve sustained
use could be taken by exploring the design of DCT that
addresses the loss of NE and how trust in the whole ecosystem
(app, organizations, and other users) can be strengthened.

Finally, participants’ accounts of their experiences using—or
not using—the T&T app beg the question whether DCT is
effective or needed at all [50]. This study aligns with findings
from Tretiakov and Hunter [16], in which DCT actual use
declined when the alert or risk levels were low. As we move
into the endemic stage of COVID-19, the practical application
of proximity-based DCT needs to be reassessed and must work
in combination with other physical measures, such as vaccines
and testing, that give people more reassurance and clearer results
upon which they can act. Some directions include the
development of hybrid contact tracing systems that integrate
the participation of human contact tracers in the whole
ecosystem [51].

Limitations
There are some limitations of this research that should be
highlighted. First, participants in the interview study were
somewhat homogeneous demographically and could be
considered a small sample size. This research only gathered
qualitative data from 1 frontline worker (for as much as we
know from the interview discussions, in which affected
occupations were likely to be discussed), and all the participants
had received higher education degrees (Table 1). Therefore,
this sample and the subsequent thematic analysis may not be
representative of a diverse population. In addition, Dowthwaite
et al [19] identified statistically different responses for Black,
Asian, and minority ethnic participants in their survey study.
This could not be investigated in this study because only 1 out
of 9 participants identified as member of the Black, Asian, and
minority ethnic group; thus, these differences should be explored
in future research.

Moreover, although participants were asked about the impact
of the UK COVID-19 vaccination rollout on trust, the data on
this were not substantial enough to form a robust theme. The
impact of vaccinations was only mentioned by 1 participant in
theme 5. This is not to say that vaccination rollout did not
influence how people perceived the dangers of COVID-19 and
the role of preventative measures, just that the individuals in
this study did not focus on the topic when discussing their views
on the T&T app and the factors influencing trust. It could be
argued that many participants in this research were angered and
frustrated by the UK government’s poor handling of the
pandemic, which overpowered the positive influences such as
the vaccination rollout in the United Kingdom.

Another limitation of this research is the lack of justification
for the questionnaire scores at time point 1. As only quantitative
data were gathered at the first time point, the authors could only
truly compare the quantitative data longitudinally. The thematic
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analysis should only be considered longitudinal in a
retrospective manner for descriptive explanations (participants
were asked to reflect on how their trust and general views of
the T&T app had changed over time). Consequently, this may
have resulted in the possibility of recall bias and inaccurate
portrayals of experience.

Finally, this study is geographically limited to the specific UK
context, in which a centralized government and public health
system exist. Thus, it could be argued that the findings of this
research are only transferable to places with similar political,
cultural, and health systems, if at all.

Conclusions
To conclude, this research aimed to understand how the use of
the T&T app and trust changed over time. By conducting

interviews and exploring survey answers approximately 1 year
apart, we found multiple reasons for changes in trust and
diminishing use. For instance, the 2 largest contributors to
change were the perceived flaws in the T&T app and a lack of
trust in the UK government owing to the way the pandemic was
handled. In addition, multiple factors impacted the participants’
compliance with the app. Initial NEs occurred with the T&T
app, which lessened over time as a concern and media
representation of the pandemic decreased and a new norm was
established. These findings are an important initial step for
future technology and app design and to increase understanding
around how the general public perceives and trusts in the
technology used for health care, and which factors influence
the uptake and sustained use of DCT apps.
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Abstract

Background: COVID-19 has been observed to be associated with venous and arterial thrombosis. The inflammatory disease
prolongs hospitalization, and preexisting comorbidities can intensity the thrombotic burden in patients with COVID-19. However,
venous thromboembolism, arterial thrombosis, and other vascular complications may go unnoticed in critical care settings. Early
risk stratification is paramount in the COVID-19 patient population for proactive monitoring of thrombotic complications.

Objective: The aim of this exploratory research was to characterize thrombotic complication risk factors associated with
COVID-19 using information from electronic health record (EHR) and insurance claims databases. The goal is to develop an
approach for analysis using real-world data evidence that can be generalized to characterize thrombotic complications and
additional conditions in other clinical settings as well, such as pneumonia or acute respiratory distress syndrome in COVID-19
patients or in the intensive care unit.

Methods: We extracted deidentified patient data from the insurance claims database IBM MarketScan, and formulated hypotheses
on thrombotic complications in patients with COVID-19 with respect to patient demographic and clinical factors using logistic
regression. The hypotheses were then verified with analysis of deidentified patient data from the Research Patient Data Registry
(RPDR) Mass General Brigham (MGB) patient EHR database. Data were analyzed according to odds ratios, 95% CIs, and P
values.

Results: The analysis identified significant predictors (P<.001) for thrombotic complications in 184,831 COVID-19 patients
out of the millions of records from IBM MarketScan and the MGB RPDR. With respect to age groups, patients 60 years and older
had higher odds (4.866 in MarketScan and 6.357 in RPDR) to have thrombotic complications than those under 60 years old. In
terms of gender, men were more likely (odds ratio of 1.245 in MarketScan and 1.693 in RPDR) to have thrombotic complications
than women. Among the preexisting comorbidities, patients with heart disease, cerebrovascular diseases, hypertension, and
personal history of thrombosis all had significantly higher odds of developing a thrombotic complication. Cancer and obesity
were also associated with odds>1. The results from RPDR validated the IBM MarketScan findings, as they were largely consistent
and afford mutual enrichment.

Conclusions: The analysis approach adopted in this study can work across heterogeneous databases from diverse organizations
and thus facilitates collaboration. Searching through millions of patient records, the analysis helped to identify factors influencing
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a phenotype. Use of thrombotic complications in COVID-19 patients represents only a case study; however, the same design can
be used across other disease areas by extracting corresponding disease-specific patient data from available databases.

(J Med Internet Res 2022;24(10):e35860)   doi:10.2196/35860

KEYWORDS

COVID-19; thrombotic complications; logistic regression; EHR; electronic health record; insurance claims data

Introduction

The World Health Organization reported over 270 million
positive cases for COVID-19 and over 5.3 million deaths from
the virus worldwide as of December 14, 2021 [1]. As infected
patients demonstrate vastly different outcomes, it is critical to
identify key patient characteristics that govern the course of the
disease across large patient cohorts as early as possible to help
allocate the right resources and improve patient outcomes [2].
Logistic regression and machine-learning algorithms have been
used to predict which COVID-19 patients will require
hospitalization and intensive care to ensure that resources are
prioritized to individuals with the highest risk [3-7]. Many of
these algorithms make use of routinely collected clinical data.

Although it is well-established that COVID-19 is associated
with respiratory complications, the disease has also been
observed to cause venous and arterial thrombosis [8]. A
hyperinflammatory response has been associated with
COVID-19 in increasing the risk of thrombosis [9]. The
inflammatory disease process, prolonged hospitalization, and
preexisting comorbidities can all contribute to the aggressive
thrombotic burden in patients with thrombosis [10-13]. A study
in two Dutch university hospitals and one Dutch teaching
hospital showed a 31% incidence of thrombotic complications
in patients in the intensive care unit (ICU) with COVID-19 [14].
Similarly, the incidence of venous thromboembolism (VTE) in
ICU patients was reported to be 25% at Union Hospital, Wuhan,
China [15]. In general, VTE has been found to affect up to 46%
of hospitalized patients with COVID-19 [16], and a
meta-analysis suggested that COVID-19 patients with
thrombotic complications have a 2.1-fold higher risk of mortality
than those without thrombotic complications [17]. However,
VTE and other related vascular complications may go unnoticed
in critical care settings [18,19]. As such, early risk stratification
is clinically critical for the COVID-19 patient population [20].

There are several potential hypotheses on the mechanisms that
may be associated with or responsible for thrombotic
complications. For example, there is some preliminary evidence
that autoimmune reactions may play a role [21]. In addition,
drug interactions are treatment challenges introduced by the
therapeutic agents available for COVID-19 [22]. As the
population of patients recovering from COVID-19 is steadily
growing, a systematic study of the sequelae during the postacute
COVID-19 phase is important to collect clinical and scientific
evidence to determine the best care for these patients.
Furthermore, thromboembolic complications have been reported
as a part of postacute COVID-19 syndrome [23-25].
Accordingly, the aim of this study was to use real-world data
evidence toward building the foundation for development of a

software system that systematically identifies factors affecting
VTE in COVID-19 patients.

Electronic health records (EHRs) are widely becoming adopted
in health care systems with increasing capability of record
sharing across different organizations [22]; however, there
remain constraints in using such data along with challenges in
gaining unrestricted access. Insurance claims data capture
information from all doctors and providers, whereas EHR data
capture only the portion of care provided by doctors using the
EHR. However, insurance claims data also have limitations
such as that these data only cover insured patients. We aimed
to bridge these gaps between EHR and claims data, and
accommodate both data sources to take advantage of a wider
range of data. This design was particularly useful to synthesize
a hypothesis regarding COVID-19 and thrombotic complications
from IBM and Mass General Brigham (MGB; Boston,
Massachusetts) data using IBM’s MarketScan claims data set,
which was cross-verified with MGB’s EHR-derived database.
This analysis thus provided a useful approach to bridge the gap
with EHR data sets without requiring Health Insurance
Portability and Accountability Act–level individual patient
information, thereby avoiding the multiple-step process for
access.

During the global COVID-19 pandemic, collaboration between
organizations has accelerated understanding of the SARS-CoV-2
virus and the COVID-19 disease it causes. While EHR data are
widely used in COVID-19 retrospective studies [6,22-26], some
organizations use proprietary databases. We have been working
to design a method that can handle different types of health care
data storage, including the standardized EHR databases as well
as any other proprietary data sources such as the insurance
claims database used in this study. To respect patient privacy
concerns, we only used deidentified patient data when querying
the databases. These measures were chosen to make it easier
for the work to potentially be used for global collaboration in
the COVID-19 pandemic and other cases. This research
characterizes thrombotic complication risk factors associated
with COVID-19 using information from EHR and insurance
claims databases. Comprehensive treatment guidelines and
reviews can be found in prior literature [27,28].

Methods

Data Collection
This retrospective observational study utilized deidentified data
from IBM’s MarketScan commercial claims database. These
data were compared and validated with data from the MGB
EHR. Adult patients with a COVID-19 diagnosis between
February 1, 2020, and September 30, 2020, were included in
the study. Patient demographics included age, gender, ethnicity
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(EHR database only), and geographic location. We focused on
the following comorbidities: hypertensive disease, diabetes,
cancer, respiratory diseases (asthma, acute respiratory distress
syndrome, chronic bronchitis, emphysema, bronchiectasis, and
chronic obstructive pulmonary disease), heart disease (coronary
artery disease, heart failure, cardiomyopathy, atrial fibrillation,
and ischemic heart disease), cerebrovascular disease (stroke
and cerebrovascular disease), liver disease, kidney disease, prior
history of thrombosis, HIV, pregnancy, sleep apnea, tobacco
smoking use, and obesity. Interventions included veno-venous
extracorporeal membrane oxygenation (ECMO), mechanical
ventilation, extraneous oxygen use, and medications. The
thrombotic complications focused on ST elevation myocardial
infarction (STEMI) and non-STEMI myocardial infarction,
pulmonary embolism, cerebral infarction, arterial embolism and
thrombosis, other venous embolism and thrombosis, transient
ischemic attacks and related syndromes, other acute ischemic
heart diseases, and other cerebrovascular diseases.

Mapping of Diagnosis Codes
This study included patients with a confirmed COVID-19
diagnosis (International Classification of Diseases, Tenth
Revision [1CD-10] diagnosis codes U071, B342, Z8616, J1282,
B9729) between February 1, 2020, and September 30, 2020.
The outcome of interest was a thrombosis diagnosis (ICD-10
diagnosis codes I21, I24, I26, I63, I74, I82, Z8671, M622, and
G45) between February 1, 2020, and September 30, 2020.

Querying Data From the Claims Database
We performed a retrospective analysis of the IBM MarketScan
Commercial Database and Medicare Supplemental Database
from February 1, 2020, to September 30, 2020, to identify
patients. This represents the most recently available data at the
time of analysis in IBM MarketScan Treatment Pathways, a
cloud-based analytic interface that overlays onto MarketScan
Research Databases. MarketScan is one of the largest
deidentified longitudinal patient-level health databases in the
United States, which includes information on over 39 million
individuals, including active employees and their dependents,
early retirees, and Consolidated Omnibus Budget Reconciliation
Act (COBRA) continuers, insured by approximately 40
employer-sponsored health plans representing all 50 states. A
total of 259,470 patients had received a COVID-19 diagnosis
at some point between February 1, 2020, and September 30,
2020. Of these, 153,137 patients were continuously enrolled
for 2 years prior to the COVID-19 diagnosis and were included
in the study.

As an insurance claims database, MarketScan encompasses
information from multiple providers in the patient journey with
a broader nationwide reach. Insurance claims data provide
information on whether a prescription was filled, as opposed to
EHR data that only state whether or not a drug was prescribed.
MarketScan can effectively complement EHR data by providing

an extremely broad view of a patient’s interactions across the
continuum of the health care system and by providing access
to large and diverse samples.

It should be noted that a few of the individuals may drop in and
out of the MarketScan data set due to health insurance coverage
changes. Hence, while performing these analyses using
MarketScan (or any other claims data set), samples are restricted
to patients who are continuously enrolled over the observation
period.

Querying Data From the EHR Database
We gathered patient data from the MGB patient record database
Research Patient Data Registry (RPDR), a centralized clinical
data registry. The data warehouse includes 6.5 million patients
and 2.2 billion rows of clinical data, serving as a central clinical
data registry for inpatient and outpatient encounters from various
hospital systems to support clinical research.

The RPDR query tool allows for a search for the number of
patients at the hospital with a given set of characteristics. We
searched for patients at the hospital between February 1, 2020,
and September 30, 2020. Patients were characterized using
ICD-10 medical codes for the respective medical conditions
with a combination of codes to identify COVID-19 patients
with thrombosis and potential associated comorbidities. A total
of 31,364 patients had received a COVID-19 diagnosis from
February 1, 2020, to September 30, 2020, and were included in
the study.

Drawing and Verifying Hypotheses Using Logistic
Regression
Descriptive statistics are summarized as frequencies and
percentages for categorical data. A simple (or unadjusted)
logistic regression model was used to assess the strength of the
association between demographic and clinical factors and
phenotype. The demographic and clinical factors included
demographics, comorbidities, and interventions. In this study,
phenotype was defined as a dichotomous variable, and we
focused on diagnosis of a thrombotic complication (ie, with or
without thrombotic complication).

The results are summarized by the odds ratio (OR),
corresponding 95% CI, and P value. All tests were 2-sided and
the significance level was set to P=.001. All statistical analyses
were performed using the Modern Applied Statistics with S
(MASS) statistical software library version 7.3.54 [29] in R,
version 4.1.0 [30].

Age and Gender Distributions From Patients in the
Claims and EHR Data Sets
Within the study time period, there were 153,137 COVID-19
patients in the claim data, with 44.8% being men. There were
31,364 COVID-19 patients in the EHR data, with 43.9% being
men. The age distributions are shown in Figure 1.
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Figure 1. Patients’ age distributions from the insurance claims and electronic health record (EHR) data sets. The x-axis is age and the y-axis is patient
count.

Comorbidity Distributions From Patients in the Claims
and EHR Data Sets
COVID-19 patient comorbidity distributions are shown in Figure
2.

Figure 2. Patients’ comorbidity distributions from the insurance claims and electronic health record (EHR) data sets. The x-axis is comorbidities and
the y-axis is patient counts.
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Handling of Missing Data
We encountered two types of missing data. The first involved
missing at least one variable in a data set. Given the low rate
of such missingness (<2.5% for any individual variable),
imputation was deemed unnecessary [28,31]. The other involved
missing a category of data in one data set. There were three
such cases: ethnicity and lab data are in the EHR data set but
not in the claims dataset, whereas region data are in the claims
data set but not in the EHR data set (the EHR data set includes
patients mostly from the northeast region of the United States).
We performed analysis on one data set in the three cases with
the understanding that they would not be cross-verified.

Ethics Approval
This study was approved by the institutional review board of
MGB (IRB Protocol #2021P001133).

Data Analysis
We performed an analysis to determine patients’ clinical and
demographic factors associated with thrombotic complications
for patients with a COVID-19 diagnosis. Data queried from
IBM MarketScan were stored as CSV files. The analysis read
from the CSV files and drew hypotheses based on a predefined
P value threshold (<.001), which was then verified using data
queried from the RPDR database.

Results

Age and Thrombotic Complications
To compare the thrombotic complications between the young
and old population, we categorized COVID-19 patients into
two age groups: those younger than 60 years and those aged 60
years and older. Table 1 lists the frequency (ie, count) of
COVID-19 patients with and without thrombotic complications,
the calculated P value, OR, and the 95% CI from the claims
database. The corresponding data from the EHR-compatible
database are listed in Table 2. As demonstrated, age and
thrombotic complications were significantly associated. In
addition, patients aged 60 years and older had a much higher
odds to have thrombotic complications. Results from both data
sets were consistent despite patients in the two data sets being
from different geographical regions and backgrounds. This
provided more confidence to the findings and showed how the
two data sets could enrich each other.

As shown in Figure 3, with finer age grouping, we also observed
that the OR for thrombotic complications consistently increased
with age (with the exception that the odds for the age groups
of 80-89 years and 90 years and older were similar), with
P<.001.

Table 1. Age and thrombotic complications and the strength of their association based on claims data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nAge group

N/AaReference3314130,293<60 years

<.0014.866 (4.599-5.149)215117,379≥60 years

aN/A: not applicable.

Table 2. Age and thrombotic complications and the strength of their association based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nAge group

N/AaReference48720,338<60 years

<.0016.357 (5.714-7.073)13398796≥60 years

aN/A: not applicable.
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Figure 3. Odds ratio of thrombotic complications with age (P<.001). The x-axis is age and the y-axis is the odds ratio.

Gender and Thrombotic Complications
Men had higher odds for thrombotic complications when
compared to women from both data sets (Tables 3 and 4).

Similar to age, the results showed that the two data sets were
consistent and enrich each other. This result aligns with prior
literature [32].

Table 3. Gender and thrombotic complications and the strength of their association based on claims data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nGender

<.0011.245 (1.180-1.314)273865,926Men

N/AaReference272781,188Women

aN/A: not applicable.

Table 4. Gender and thrombotic complications and the strength of their association based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nGender

<.0011.693 (1.542-1.859)106412,708Men

N/AaReference82916,763Women

aN/A: not applicable.

Comorbidities and Thrombotic Complications
We examined the associations between a thrombotic
complication and preexisting conditions such as hypertensive
disease, diabetes, cancer, respiratory disease, heart disease,
cerebrovascular disease, liver disease, pregnancy, HIV, personal
history of thrombosis, sleep apnea, smoking, and obesity. All
comorbidities were significantly associated with thrombosis in
both data sets (Tables 5 and 6). Although the relative ORs
differed in the two data sets, the results were consistent. In both

data sets, patients with cerebrovascular disease had the second
highest odds to have thrombotic complications, and patients
with heart diseases had very similar odds to have a thrombotic
complication. In addition, patients with HIV, cancer, and obesity
had relatively lower odds to have thrombosis in both data sets.
A major difference was that personal history of thrombosis had
the highest odds in the claims data set but ranked fifth in the
EHR data set. This difference might be due to the small number
of patients (n=250) with a personal history of thrombosis in the
EHR data set.
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Table 5. Comorbidity and thrombotic complications and the strength of their association based on claims data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nComorbidity

<.0016.316 (6.950-6.704)389041,513Hypertension

<.0014.386 (4.140-4.646)195916,688Diabetes

<.0011.947 (1.841-2.058)209235,684Cancer

<.0012.745 (2.591-2.908)184723,156Respiratory disease

<.00112.452 (11.755-13.191)24018743Heart disease

<.00119.776 (18.399-21.258)14062542Cerebrovascular disease

<.0013.187 (2.880-3.527)4504044Liver disease

<.0019.619 (8.906-10.389)9893316Kidney disease

<.0011.944 (1.462-2.587)51712HIV

<.00173.938 (62.318-87.727)473189History of thrombosis

<.0012.854 (2.669-3.051)117812,970Sleep apnea

<.0012.810 (2.628-3.005)117713,141Smoking use

<.0012.802 (2.651-2.961)229330,288Obesity

Table 6. Comorbidity and thrombotic complications and the strength of their association based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nComorbidity

<.00113.675 (12.373-15.113)11723079Hypertension

<.0017.853 (7.070-8.723)6711894Diabetes

<.0015.048 (4.359-5.845)261890Cancer

<.0015.891 (5.045-6.879)171717,858Respiratory disease

<.00113.661 (12.366-15.093)11182768Heart disease

<.00115.053 (12.632-17.937)253294Cerebrovascular disease

<.0016.340 (5.25-7.656)160416Liver disease

<.0017.648 (6.902-8.476)7182144Kidney disease

<.0014.368 (2.544-7.499)1760HIV

<.0019.154 (7.044-11.896)91159History of thrombosis

<.0016.454 (5.327-7.820)155395Sleep apnea

<.00124.206 (19.633-29.842)223159Smoking use

<.0013.722 (3.207-4.321)2371073Obesity

External Intervention and Thrombotic Complications
We examined three external interventions (veno-venous ECMO,
mechanical ventilation, and extraneous oxygen use) and their
association with thrombotic complication. The ORs and P values
are summarized in Table 7 and Table 8 for claims and EHR
compatible data sets, respectively. Veno-venous ECMO and

extraneous oxygen interventions were strongly associated with
thrombotic complications in both data sets. Mechanical
ventilation was significantly associated with thrombotic
complications in the claims data set; however, the number of
cases in the EHR compatible data set was too low for appropriate
analysis.

Table 7. External interventions and thrombotic complications and the strength of their association based on claims data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nExternal Interventions

<.00128.794 (18.005-46.047)3634Veno-venous ECMOa

<.00124.955 (21.447-29.037)324372Mechanical ventilation

<.00115.364 (13.057-18.078)231423Extraneous oxygen use

aECMO: extracorporeal membrane oxygenation.
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Table 8. External interventions and thrombotic complications and the strength of their association based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nExternal interventions

<.00113.839 (8.054-23.779)2528Veno-venous ECMOa

<.00115.332 (3.092-76.016)33Mechanical ventilation

<.0016.418 (4.687-8.790)56137Extraneous oxygen use

aECMO: extracorporeal membrane oxygenation.

Medication Intervention and Thrombotic
Complications
We examined six medication interventions (lopinavir/ritonavir,
dexamethasone, remdesivir, monoclonal antibody, tocilizumab,
and antimalarials) and their association with thrombotic
complication using EHR data. The ORs and P values are
summarized in Table 9 for the EHR data set. Approximately
1.74% of the COVID-19 patients, the highest proportion in this
group, took dexamethasone. A previous report showed that
dexamethasone was associated with a reduction in mortality in
patients with advanced COVID-19 [33]. Our analysis showed

that these patients are 5 times more likely to have thrombotic
complications. Approximately 1.26% of the COVID-19 patients,
the second highest proportion in this group, took remdesivir.
Remdesivir was suggested to be beneficial in shortening the
time to recovery in hospitalized COVID-19 patients [34]. Our
analysis showed that these patients are also 3 times more likely
to have thrombotic complications.

For the claims data set, information was available for three of
the above medicines, and the results of this analysis are shown
in Table 10. Approximately 2.71% of the COVID-19 patients,
the highest proportion in this group, took dexamethasone, and
they were 3 times more likely to have thrombotic complications.

Table 9. Medication and thrombotic complications and the strength of their association based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nMedication interventions

.024.599 (1.265-16.723)310Lopinavir/ritonavir

<.0015.375 (4.396-6.573)134405Dexamethasone

<.0013.185 (2.434-4.168)66325Remdesivir

<.00112.852 (6.467-25.541)1518Monoclonal antibody

<.0014.835 (3.333-7.013)37119Tocilizumab

.00115.332 (3.093-76.016)33Antimalarials

Table 10. Medication and thrombotic complications and the strength of their association based on claims data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo Thrombotic complication, nMedication interventions

<.00116.221 (3.876-67.893)35Lopinavir/ritonavir

<.0013.418 (2.083-3.788)4423706Dexamethasone

<.0012.074 (1.775-2.422)1772346Antimalarials

Lab Results and Thrombotic Complications
We examined six lab results that were recorded as abnormal
from the EHR data set. The results of the analysis are

summarized in Table 11. The claims data set does not have
corresponding lab information.

Table 11. Strength of associations between lab results and thrombotic complications based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nLab result

<.00113.174 (11.824-14.677)14185354D-dimer level

<.00121.634 (17.404-26.891)180714,279Platelet count

<.00117.344 (15.416-19.513)15285635Prothrombin time

<.0017.455 (6.758-8.224)12085544Fibrin degradation
products

<.0018.533 (7.742-9.405)11174183Fibrinogen

<.00110.95 (9.455-12.682)168812,439C-reactive protein
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Ethnicity and Thrombotic Complications
We examined ethnicities and their associations with thrombotic

complications using the EHR data set (Table 12). The claims
data set does not have ethnicity-related information.

Table 12. Strength of associations between ethnicity and thrombotic complications based on electronic health record data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nEthnicities

.060.800 (0.575-1.012)531007Asian

<.0011.357 (1.181-1.558)2853293Black

<.0010.606 (0.478-0.768)761770Hispanic

N/AaReference119317,527White

aN/A: not applicable.

Region and Thrombotic Complications
The insurance claims data set includes patients from all regions.
With P<.001, the Northcentral region had the highest OR and
the West had the lowest OR for thrombotic complications (Table
13). The EHR data set includes mostly patients in the Northeast
where the MGB is located, and therefore the corresponding
analysis was not available.

The regions are divided as shown in Multimedia Appendix 1.
Our analysis demonstrated that COVID-19 patients in the
Northcentral region of the United States have an OR of 1.562,
while patients in the West have an OR of 0.701 to have
thrombotic complications. This finding correlates well with the
Area Deprivation Index (ADI) of regions [35]. We have included
the ADI values of Iowa (Northcentral) and California (West)
in Figure 4 to highlight this point.

Table 13. Strength of associations between region and thrombotic complications based on insurance claims data.

P valueOdds ratio (95% CI)Thrombotic complication, nNo thrombotic complication, nRegion

N/AaReference100727,742Northeast

<.0011.562 (1.439-1.695)163125,912Northcentral

<.0010.908 (0.843-0.977)258878,557South

<.0010.701 (0.622-0.791)38114,964West

aN/A: not applicable.

Figure 4. Area Deprivation Index of Iowa (left) and California (right). Deep red indicates the most disadvantaged area and deep blue indicates the least
disadvantaged area. Iowa belongs to the Northcentral region where COVID-19 patients have an odds ratio of 1.562 of having thrombotic complications.
California belongs to the West region, where COVID-19 patients have an odds ratio of 0.701 of having thrombotic complications.
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Discussion

Principal Findings
We found factors related to the demographics, comorbidities,
therapeutic interventions, and labs of COVID-19 patients that
are strongly associated with the risk of experiencing thrombotic
complications. The analysis approach adopted in this study can
be leveraged to work across heterogeneous patient databases
from different health care and research organizations by using
deidentified patient count data. This study used claims and EHR
data sets as a case study, but the approach can also be
generalized to handle multiple data sources.

The counts were queried with ICD-10 diagnosis codes of the
phenotypes being studied. This facilitates collaboration in
tackling difficult local and global health issues. In this case
study, we analyzed thrombotic complications associated with
demographic and clinical factors in COVID-19 patients using
insurance claims and EHR databases. We found the design to
be very productive in our collaboration where we used claims
data to draw hypotheses and EHR data for validation. The two
data sets are mostly consistent and enrich each other, except in
cases for a very small sample size in EHR-derived data.

The claims and EHR databases have different storage formats,
query syntaxes, and security concerns. Our design was to use
the common ICD-10 code to run queries on each database and
store the query results in CSV files, so that we could use the
same R code to read the CSV files and perform the statistical
analysis. This also minimized data exchanges between the two
geographically dispersed teams.

When selecting factors that are associated with thrombotic
complications, we focused on four main categories:
demographics, comorbidities, interventions, and lab results. A
problem we encountered was that some categories of data might
be missing from one data set; for example, the claims database
does not have information on all the same prescription drugs
as found in the EHR data set. We performed the analysis using
only one data set when we deemed the factors of interest to be
potentially important. Our analysis of the EHR data set showed
that the three most frequently used medications are
dexamethasone, remdesivir, and tocilizumab. These medications
were associated with thrombotic complications with ORs of
5.375, 3.185, and 4.835, respectively. These were also the
medications considered in a previous model developed to predict
the requirement of ICU and VTE for COVID-19 patients [28].
Patient lab data, including the D-dimer level, platelet count,
prothrombin time, fibrin degradation products, and fibrinogen,
are available only in the EHR data set. We believed that these
factors are clinically associated with thrombotic complications,
which was supported by our analysis results. D-dimer level,
one of the top three factors in the lab results category, had an
OR of 13 for thrombotic complications, and was also used to
predict VTE development in COVID-19 patients in the previous
study [28]. All of the top three findings, D-dimer level, platelet
count, and prothrombin time, were also previously used in a
machine-learning model to predict the need for invasive
mechanical ventilation and the mortality of COVID-19 patients

[36]. This further validated the strength of the model when
applied to large and diverse data sets.

All patients with the preexisting conditions listed in Tables 5
and 6 had much higher odds of having thrombotic complications
than other patients in both data sets. It is interesting to note that
for patients with underlying cerebrovascular disease, the odds
of thrombotic complications in insurance claims data were
19-fold higher and the odds in EHR-derived data were 15-fold
higher, ranking second in the comorbidities for COVID-19
patients. It is also interesting to note that for patients with heart
disease, the odds for thrombotic complications in both data sets
were approximately 13-fold higher, and both ranked third in
the comorbidity listings. This further highlights the consistency
of the two data sets.

For COVID-19 patients that received external interventions of
veno-venous ECMO and extraneous oxygen use, each
intervention had much higher odds for thrombotic complications
in both data sets.

MarketScan claims data can potentially be very useful in
understanding the impact of COVID-19 by monitoring these
cases longitudinally to document short-term and long-term
patient outcomes.

Comparison to Prior Work
We found that COVID-19 patients aged 60 years and older were
approximately 5 times more likely to have thrombotic
complications than those under 60 years old. Although it is well
documented that older patients are more susceptible to
thrombotic complications [37], this research provides a
quantitative measurement of the degree to which this is true in
COVID-19 patients.

In terms of gender, men were 1.25 times more likely in the
claims data (and 1.69 times more likely in EHR-derived data)
to have thrombotic complications compared to women. Although
the ORs were slightly different between the two data sets, both
showed that men are statistically more likely than women to
have thrombotic complications. This finding is consistent with
previous studies indicating that men are more likely to be
afflicted with thrombotic complications [32].

Strengths and Limitations
This study used two distinct data sets with 184,831 COVID-19
patients and very comprehensive demographic and clinical
information. This allowed us to investigate thrombotic
complications from different aspects. We designed an approach
that worked with both data sets and found factors strongly
associated with thrombotic complications. This approach
facilitated teams with different data formats to collaborate.
Furthermore, our findings are consistent with the existing
literature.

This study focused on patients who received a COVID-19
diagnosis between February 1, 2020, and September 30, 2020,
in the United States, and the EHR-derived data included mostly
patients in the northeast region of the country. Thus, this data
source does not cover the full domestic United States or global
perspective. Although we used data from over 184,000
COVID-19 patients and a very small P value threshold (P<.001)
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to draw and verify hypotheses on whether a clinical factor
affected thrombotic complications, the overall patient count
used is relatively small compared with the global patient counts.

We examined factors individually, but it is possible that some
factors might be correlated. This was the first phase of the
research, and the main goal was to verify the consistency of the
two data sets, demonstrating that all factors are associated with
thrombotic complications. The second phase of this research
will focus on multivariables analysis, as described below.
Moreover, this study did not investigate the temporal
relationship between interventions and the thrombosis
complications. 

Future Directions
To determine how each factor contributes to a patient’s
thrombotic complications, we will explore explainable
machine-learning models [38-40] to train models with all the
factors we identified in this study. The databases can provide

deidentified individual patient data, which can be used to train
explainable machine-learning models. The models will not only
predict a COVID-19 patient’s risk of thrombotic complications
but also determine each factor’s contribution.

Conclusions
In this work, we examined heterogeneous patient databases and
performed an analysis that does not depend on individual
patient–level data. This proved to be a valuable approach for
collaboration between health care and research organizations
with data from different sources, in different storage formats,
and with different patient privacy constraints. Via analysis across
research collaborators with heterogeneous data sources, we
found important demographic and clinical factors associated
with thrombotic complications in patients with COVID-19. Our
research provides for a collaborative and early risk stratification
approach, as a critical step toward helping to ensure efficient
resource allocation and better outcomes for the COVID-19
patient population.
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Abstract

Background: The use of artificial intelligence (AI) in the field of rehabilitation is growing rapidly. Therefore, there is a need
to understand how physical therapists (PTs) perceive AI technologies in clinical practice.

Objective: This study aimed to investigate the knowledge and attitude of PTs regarding AI applications in rehabilitation based
on multiple explanatory factors.

Methods: A web-based Google Form survey, which was divided into 4 sections, was used to collect the data. A total of 317
PTs participated voluntarily in the study.

Results: The PTs’ knowledge about AI applications in rehabilitation was lower than their knowledge about AI in general. We
found a statistically significant difference in the PTs’ knowledge regarding AI applications in the rehabilitation field based on
sex (odds ratio [OR] 2.43, 95% CI 1.53-3.87; P<.001). In addition, experience (OR 1.79, 95% CI 1.11-2.87; P=.02) and educational
qualification (OR 1.68, 95% CI 1.05-2.70; P=.03) were found to be significant predictors of knowledge about AI applications.
PTs who work in the nonacademic sector and who had <10 years of experience had positive attitudes regarding AI.

Conclusions: AI technologies have been integrated into many physical therapy practices through the automation of clinical
tasks. Therefore, PTs are encouraged to take advantage of the widespread development of AI technologies and enrich their
knowledge about, and enhance their practice with, AI applications.

(J Med Internet Res 2022;24(10):e39565)   doi:10.2196/39565
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Introduction

Background
The use of artificial intelligence (AI) has been growing rapidly
in the fields of health care and rehabilitation [1]. Many of AI’s

clinical benefits have been mentioned in the literature. AI is
defined as the ability of a machine to perform a functional task
moderated intelligently by humans [2]. AI uses algorithms to
learn, think, and then assist in various clinical practices such as
radiology [3], dentistry [4], dermatology [5], and rehabilitation
[6]. In addition, AI provides up-to-date clinical information
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from scientific resources such as journals, books, and
evidence-based practice, which assists health care providers in
clinical decision-making. Furthermore, AI technologies help to
reduce medical errors in daily human practices [7-9].

Today, AI technologies are used in multidisciplinary health care
research fields, and researchers are exploring and investigating
the practical implications of using such technologies. In
rehabilitation, AI has been used to enhance the patient care
process by assisting physical therapists (PTs) either in providing
a comprehensive assessment or in predicting patients’
performance or determining a diagnosis [10]. Moreover, research
has revealed more uses of AI in medical and rehabilitation
practices, such as problem solving, x-ray diagnosis, planning
treatment protocols, and physical manipulation of patients [11].
All these functions of AI are core elements of physical therapy
professional practice. Consequently, it is worth stating that many
physical therapy practices might be susceptible to automation
by AI technologies. In the study by Brougham and Haar [12],
futurists are quoted as predicting that a third of the jobs that
exist today could be taken by smart technology, artificial
intelligence, robotics, and algorithms by 2025.

Machine learning (ML), a subset of AI, enables practitioners to
use known quantities from data to make predictions [13]. In
addition, ML is used to enable computerized decision-making
and provide predictions based on patient data, and it can also
be used as a tool to provide immediate preventive care for
patients with specific conditions [14]. In 2020, a study was
conducted by Ye et al [15] to validate a tool that was developed
based on ML algorithms to predict older adults’ fall risk. The
researchers found that the ML-based fall risk tool was a valid
tool for producing automatic early warnings, which may prevent
falls among older adults. In fact, patients with orthopedic and
neurological disorders need an intensive rehabilitation physical
therapy program that might last for months to improve their
functional disabilities. Subsequently, PTs might face challenges
in designing therapeutic interventions based on their
understanding of the patients’ performance. In such cases, an
ML-based AI decision support system would help PTs in
determining diagnosis and monitoring the rehabilitation
intervention.

By contrast, as AI technologies become more widespread, the
need for AI education among PTs becomes essential. A
qualitative study was conducted in the United Kingdom by
Castagno and Khalifa in 2020 [2] to explore the knowledge and
attitudes of health care providers regarding current and future
uses of AI. The researchers reported a lack of full understanding
of AI fundamentals as well as concerns about the potential
consequences of the use of AI in clinical practice among health
care professionals. Given the fact that AI technologies may
perform some of the PTs’ work, it is necessary to urgently
investigate PTs’ perception and preparation for using these
advanced technologies. Understanding PTs’ perception would
help in maximizing confidence in, and enhancing comfort
regarding, the use of 21st century advanced technologies in
physical therapy practices.

Objectives
Because of the fast pace of innovation in AI and digital
technologies, it is impossible to ignore the current debate about
the importance of these technologies in clinical practice,
especially in rehabilitation. However, we have to first set the
stage for this digital revolution by ascertaining PTs’ knowledge
and attitudes regarding this new era of health and rehabilitation
practices. Although previous research has identified the various
applications of AI in health care and rehabilitation [16], little
has been investigated about PTs’ knowledge and attitudes
regarding AI applications. Therefore, the aim of this study was
to explore PTs’ understanding of the AI technologies used in
health care and rehabilitation. In addition, this study assessed
the relationship between PTs’ knowledge and multiple
demographic variables, including sex, educational qualification,
years of experience, workplace setting, and number of AI
applications at work. The results of this study would help in
filling the gap in current research recommendations as well as
academic and clinical practices.

Methods

Participants
PTs were invited to voluntarily participate in the study. Only
participants working in Saudi Arabia as licensed PTs could
participate. In March 2021, a survey link was created using
Google Forms (Google LLC). In the prefatory section of the
survey, a brief description was provided to inform the
participants about the goal of the study and to confirm the
confidentiality and anonymity of their data. To obtain informed
consent, a question about the participants’ agreement to
participate in the study was placed at the beginning of the
survey.

Ethics Approval
Institutional review board approval was received from the Center
of Excellence in Genomic Medicine Research
(14-CEGMR-Bioeth-2021), approved by the National
Committee of Bioethics, Jeddah, Saudi Arabia (KACST:
HA-02-J-003).

Instrument
The survey was developed through deep searching in the
literature [2,12] and feedback from physical therapy experts.
The face validity and content validity of the survey [17,18] were
established by inviting 8 PTs who were experts in the field of
rehabilitation and survey studies to review and rate each item
of the survey for its appropriateness, clarity, ordering, and
construct. Next, each expert’s comments were reviewed by the
principal investigator to improve the quality of the survey
questions and establish the content validity of the survey based
upon 80% agreement of the experts’ feedback. The content
validity index was 0.8 for the whole survey; however, the
content validity index was between 0.8 and 1 for each item.

The survey, which was divided into 4 sections, consisted of 20
questions. The first section of the survey asked about the
demographic characteristics of the participants to determine the
sample age, sex, years of experience, educational qualification,
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number of AI applications at work, and subspecialization. The
second section asked about participants’ knowledge about AI
in the field of health care and rehabilitation. The third section
sought participants’opinions regarding the advantages and uses
of AI as well as its impact on the future of rehabilitation. The
final section concerned the ethical implications of using AI and
participants’ willingness to explore the AI field. The answers
to the survey questions were assessed using yes or no questions
and a 5-point Likert scale (ranging from strongly agree to
strongly disagree).

In this study, we investigated whether PTs’ knowledge and
attitudes regarding AI medical applications differed depending
on the respondent’s sex, years of experience, educational
qualification, employment sector, and number of AI applications
at work. For this study, years of experience were categorized
as >10 years or <10 years. The work sector categories were
nonacademic or academic. Educational qualification categories
were undergraduate or postgraduate (master’s degree and PhD),
whereas the number of AI applications at work was categorized
as no AI application or at least one AI application.

Procedures
The electronic open survey was distributed using social media,
including WhatsApp, Facebook groups, and Twitter. In addition,
contact was made with PTs via email with a request to forward
the survey to other PTs if they knew one. The survey was open
from March 2021 to May 2021. Before distributing the survey,
the minimum sample size was calculated using G*Power
(version 3.1; Heinrich Heine University) to achieve a power of
0.80. In the G*Power software, a logistic regression test was
conducted for a priori power calculation with an odds ratio (OR)
of 1.5 and significance level of .05. The minimum sample
needed to achieve a power of 0.80 was 280 for our study. This
indicates that the sample size attained in this study (n=317) was

sufficient to detect an effect. The report of this study has been
written according to the Checklist for Reporting Results of
Internet E-Surveys guidelines [19].

Statistical Analysis
After the data were collected, they were coded and entered into
a spreadsheet using Microsoft Excel 2016. Data were analyzed
using SPSS software (version 28.0; IBM Corp). Descriptive
statistics were used to describe the sample’s demographic
characteristics in frequencies and percentages. Chi-square tests
and binary logistic regression analysis were used to investigate
the differences in PTs’ perceptions regarding AI applications
in health care and rehabilitation based on demographic
characteristics. A P value of ≤.05 was considered statistically
significant.

Results

Descriptive Statistics
A total of 317 PTs from different workplace settings participated
in the study. The mean age of the participants was 33.38 (SD
7.31) years. With regard to the respondents’ sex, 52.4%
(166/317) of the participants were male, and 47.6% (151/317)
were female. Most (243/317, 76.7%) of the participants were
working in nonacademic sectors, mainly at outpatient clinics
and hospitals. Nearly half (152/317, 47.9%) of the participants
were general PTs. The majority (193/317, 60.9%) of the
respondents reported that they had not come across any AI
application at work. Only a few (11/317, 3.5%) of the
participants had been exposed to AI applications at work >4
times. Of the 317 respondents, 137 (43.2%) reported that they
obtained information about AI primarily from social media,
whereas 114 (36%) stated that they obtained information about
AI primarily from articles and journals. Detailed demographic
characteristics of the participants are presented in Table 1.
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Table 1. Demographic characteristics of the participants, exposure to artificial intelligence (AI) applications at work, and sources of AI information
(N=317).

ValuesCharacteristics

33.38 (7.31); 33 (22-63)Age (years), mean (SD); median (range)

Sex, n (%)

166 (52.4)Male

151 (47.6)Female

Employment sector, n (%)

74 (23.3)Academic

243 (76.7)Nonacademic

Educational qualification, n (%)

188 (59.3)Undergraduate degree

129 (40.7)Postgraduate degree

Subspecialty, n (%)

15 (4.7)Cardiorespiratory

152 (47.9)General

8 (2.5)Geriatrics

102 (32.2)Musculoskeletal and sports

23 (7.3)Neurorehabilitation

17 (5.4)Pediatrics rehabilitation

AI applications at work, n (%)

194 (61.2)0

56 (17.7)1

56 (17.7)2 to 4

11 (3.5)>4

Source of AI information (multiple responses), n (%)

137 (43.2)Social media

50 (15.8)Traditional media

97 (30.6)Colleagues or friends

80 (25.2)Class lectures

114 (36)Articles or journals

44 (13.9)Workshops

37 (11.7)Work

29 (9.1)Web-based courses

36 (11.4)No prior information

Knowledge About AI
Table 2 shows the results of the binary logistic regression
analysis to find the statistically significant differences in the

PTs’ AI knowledge—general, health care, and
rehabilitation—based on the demographic variables.
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Table 2. Results of logistic regression analysis to assess the factors associated with artificial intelligence (AI; N=317).

P valueβSE for B95% CI for BBVariable

Knowledge about AI in general

Sex

N/AN/A0.21N/Aa1.48Constant

.0013.970.401.81-8.731.38Male

N/AN/AN/AN/AReferenceFemale

Employment sector

N/AN/A0.31N/A1.55Constant

.074.700.370.94-4.040.67Nonacademic

N/AN/AN/AN/AReferenceAcademic

Experience (years)

N/AN/A0.21N/A1.79Constant

.082.000.390.93-4.280.69>10

N/AN/AN/AN/AReference<10

Educational qualification

N/AN/A0.21N/A1.838Constant

.151.720.380.82-3.620.54Postgraduate degree

N/AN/AN/AN/AReferenceUndergraduate degree

AI at workplace

N/AN/A0.19N/A1.62Constant

.0024.66N/A1.76-12.321.54≥1

N/AN/AN/AN/AReference0

Knowledge about AI in health care

Sex

N/AN/A0.17N/A0.50Constant

<.0013.970.282.28-6.921.38Male

N/AN/AN/AN/AReferenceFemale

Employment sector

N/AN/A0.25N/A0.81Constant

.161.510.300.85-2.680.41Nonacademic

N/AN/AN/AN/AReferenceAcademic

Experience (years)

N/AN/A0.16N/A0.83Constant

.0082.120.281.22-3.680.75>10

N/AN/AN/AN/AReference<10

Educational qualification

N/AN/A0.16N/A0.78Constant

.0022.500.301.41-4.400.91Postgraduate degree

N/AN/AN/AN/AReferenceUndergraduate degree

AI at workplace

N/AN/A0.15N/A0.57Constant

<.0017.150.373.41-14.971.96≥1

N/AN/AN/AN/AReference0
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P valueβSE for B95% CI for BBVariable

Knowledge about AI in rehabilitation

Sex

N/AN/A0.16N/A0.04Constant

<.0012.430.241.53-3.870.89Male

N/AN/AN/AN/AReferenceFemale

Employment sector

N/AN/A0.24N/A0.27Constant

.311.320.270.78-2.240.28Nonacademic

N/AN/AN/AN/AReferenceAcademic

Experience (years)

N/AN/A0.15N/A0.26Constant

.021.790.241.11-2.870.58>10

N/AN/AN/AN/AReference<10

Educational qualification

N/AN/A0.15N/A0.28Constant

.031.680.241.05-2.700.52Postgraduate degree

N/AN/AN/AN/AReferenceUndergraduate degree

AI at workplace

N/AN/A0.14N/A–0.21Constant

<.0019.570.325.13-17.872.26≥1

N/AN/AN/AN/AReference0

aN/A: not applicable.

Knowledge About AI in General

Overview
Of the 317 PTs, 280 (88.3%) indicated that they had knowledge
about AI in general. The data indicated that there were no
statistically significant differences in AI general knowledge by
employment sector, experience, or qualification. However, there
was a significant difference by sex (OR 3.97, 95% CI 1.81-8.73;
P=.001); that is, the male PTs were 3.97 times more
knowledgeable about AI in general than the female PTs. In
addition, this study found that the number of AI applications at
work was a statistically significant predictor of AI general
knowledge among PTs (OR 4.66, 95% CI 1.76-12.32; P=.002).

Knowledge About AI in Health Care
Of the 317 PTs, 238 (75.1%) indicated that they had knowledge
about AI in the field of health care. In this study, employment
sector was not a significant predictor of knowledge about AI in
health care among the PTs. However, there was a significant
difference in AI knowledge based on sex (OR 3.96, 95% CI
2.28-6.92; P<.001). Compared with the female PTs, the male
PTs were 3.96 times more likely to be familiar with AI
applications. Participants who had >10 years of experience were
2.12 times more knowledgeable about AI applications than
those with less experience (P=.008). In addition, there was a
significant difference in knowledge about AI in health care
based on educational qualification (OR 2.5, 95% CI 1.41-4.40;

P=.002). The results indicated that PTs with an undergraduate
degree were 2.5 times less knowledgeable about AI applications
than those with a postgraduate degree. Furthermore, the findings
revealed that PTs who had experience of working with at least
one AI application were 7.15 times more knowledgeable about
AI health care technologies than those who had no experience
of working with AI applications (P<.001).

Knowledge About AI in Rehabilitation
Of the 317 PTs, 121 (38.2%) reported that they had knowledge
about AI applications in the rehabilitation field. The results
showed that there was a statistically significant difference in
PTs’ knowledge regarding AI in rehabilitation based on sex
(OR 2.43, 95% CI 1.53-3.87; P<.001): the male PTs were 2.43
times more knowledgeable about AI use in rehabilitation than
the female PTs. In addition, experience and educational
qualification were significant predictors of knowledge about
AI applications in rehabilitation among the PTs: OR 1.79, 95%
CI 1.11-2.87; P=.02, and OR 1.68, 95% CI 1.05-2.70; P=.03,
respectively. Moreover, the number of AI applications at work
was a significant predictor of AI knowledge in rehabilitation
(P<.001). The results implied that having worked with at least
one AI application increases AI knowledge by 9.57 times
compared with having no practical experience at work.
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Attitudes Regarding Advantages of AI
Using a 5-point Likert scale, participants indicated their level
of agreement regarding three advantages of using AI
applications in health care and rehabilitation: reducing therapist

workload, prevention of diseases, and facilitating patient care.
The participants’ levels of agreement (frequencies and
percentages) regarding the advantages of using AI in clinical
practice are detailed in Table 3.
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Table 3. Participants’ attitudes regarding the advantages of using artificial intelligence (AI) in clinical practice (N=317).

Strongly disagreeDisagreeNeutralAgreeStrongly agreeAdvantages of using AI in clinical practice and variables

Reducing therapist workload, n (%)

Sex

1 (0.3)5 (1.6)34 (10.7)59 (18.6)67 (21.1)Male

0 (0)6 (1.9)36 (11.4)68 (21.5)41 (12.9)Female

Employment sector

1 (0.3)3 (0.9)12 (3.8)35 (11)23 (7.3)Academic

0 (0)8 (2.5)58 (18.3)92 (29)85 (26.8)Nonacademic

Experience (years)

1 (0.3)7 (2.2)32 (10.1)37 (11.7)52 (16.4)>10

0 (0)4 (1.3)38 (12)90 (28.4)56 (17.7)<10

Educational qualification

1 (0.3)5 (1.6)23 (7.3)45 (14.2)55 (17.4)Postgraduate degree

0 (0)6 (1.9)47 (14.8)82 (25.9)53 (16.7)Undergraduate degree

Facilitating patient care, n (%)

Sex

2 (0.6)2 (0.6)20 (6.3)77 (24.3)65 (20.5)Male

0 (0)5 (1.6)25 (7.9)78 (24.6)43 (13.6)Female

Employment sector

0 (0)3 (0.9)9 (2.8)36 (11.4)26 (8.2)Academic

2 (0.6)4 (1.3)36 (11.4)119 (37.5)82 (25.9)Nonacademic

Experience (years)

0 (0)3 (0.9)21 (6.6)61 (19.2)44 (13.9)>10

2 (0.6)4 (1.3)24 (7.6)94 (29.7)64 (20.2)<10

Educational qualification

2 (0.6)3 (0.9)14 (4.4)68 (21.5)42 (13.2)Postgraduate degree

0 (0)4 (1.3)31 (9.8)87 (27.4)66 (20.8)Undergraduate degree

Prevention of diseases, n (%)

Sex

3 (0.9)10 (3.2)53 (16.7)49 (15.5)51 (16.1)Male

2 (0.6)13 (4.1)53 (16.7)52 (16.4)31 (9.8)Female

Employment sector

0 (0)5 (1.6)17 (5.4)25 (7.9)27 (8.5)Academic

5 (1.6)18 (5.7)89 (28.1)76 (24)55 (17.4)Nonacademic

Experience (years)

3 (0.9)8 (2.5)51 (16.1)35 (11)32 (10.1)>10

2 (0.6)15 (4.7)55 (17.4)66 (20.8)50 (15.8)<10

Educational qualification

3 (0.9)11 (3.5)41 (12.9)35 (11)39 (12.3)Postgraduate degree

2 (0.6)12 (3.8)65 (20.5)66 (20.8)43 (13.6)Undergraduate degree
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Reducing Therapist Workload
More male PTs (126/317, 39.7%) than female PTs (121/317,
38.2%) agreed or strongly agreed that using AI reduces therapist
workload. Moreover, a high percentage of the nonacademic
participants (177/243, 72.8%) agreed or strongly agreed that
using AI reduces the workload of PTs in clinical practice,
whereas 77.7% (146/188) of the participants with <10 years of
experience agreed or strongly agreed that using AI reduces the
workload in PTs’ clinical practice. However, on the basis of
educational qualification, a few participants (12/317, 3.8%)
disagreed or strongly disagreed that AI is useful in reducing
PTs’ workload.

Facilitating Patient Care
Of the 317 participants, more male PTs (n=142, 44.8%) reported
their agreement that AI applications have advantages in
facilitating patient care than female PTs (n=121, 38.2%). Of
the 243 participants working in the nonacademic sector, most
(n=201, 82.7%) agreed or strongly agreed that AI technologies
can facilitate patient care in clinical practice. With regard to
educational qualification, 81.4% (153/188) of the participants
who had an undergraduate degree agreed or strongly agreed
that using AI facilitated patient care in clinical settings. On the
basis of years of experience, only 2.8% (9/317) of the

participants disagreed or strongly disagreed that AI would be
useful in facilitating patient care.

Prevention of Diseases
Of the 317 participants, more male PTs (n=100, 31.5%) reported
positive attitudes regarding the advantage of AI technologies
in preventing diseases than female PTs (n=83, 26.2%). In
addition, of the 243 participants working in nonacademic
sectors, 131 (53.9%) indicated that AI applications have a role
in preventing diseases, whereas of the 74 participants working
in academic organizations, 52 (70%) indicated that AI
applications have a role in preventing diseases. In addition, the
study results showed that of the 188 PTs with <10 years of
experience, 116 (61.7%) had positive attitudes regarding using
AI technologies to prevent diseases. Furthermore, participants
with an undergraduate degree had a slightly higher level of
agreement regarding the usefulness of AI technologies in
preventing diseases than those with a postgraduate degree
(109/188, 58%, vs 74/129, 57.3%, respectively).

Uses of AI
Participants were asked to indicate their level of agreement
regarding five aspects of the uses of AI: disease prediction, goal
setting, assistive technologies, diagnostic tool, and education
enhancement. Table 4 shows in detail the attitudes of the PTs
regarding the uses of AI in clinical settings.
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Table 4. Participants’ attitudes regarding the uses of artificial intelligence (AI) in clinical practice (N=317).

Strongly disagreeDisagreeNeutralAgreeStrongly agreeUses of AI in clinical practice and variables

Disease prediction, n (%)

Sex

3 (0.9)5 (1.6)49 (15.5)68 (21.5)41 (12.9)Male

3 (0.9)12 (3.8)63 (19.9)53 (16.7)20 (6.3)Female

Employment sector

1 (0.3)1 (0.3)27 (8.5)28 (8.8)17 (5.4)Academic

5 (1.6)16 (5)85 (26.8)93 (29.3)44 (13.9)Nonacademic

Experience (years)

1 (0.3)5 (1.6)39 (12.3)63 (19.9)21 (6.6)>10

5 (1.6)12 (3.8)73 (23)58 (18.3)40 (12.6)<10

Educational qualification

3 (0.9)5 (1.6)41 (12.9)48 (15.1)32 (10.1)Postgraduate degree

3 (0.9)12 (3.8)71 (22.4)73 (23)29 (9.1)Undergraduate degree

Goal setting, n (%)

Sex

2 (0.6)24 (7.6)22 (6.9)74 (23.3)44 (13.9)Male

3 (0.9)14 (4.4)48 (15.1)63 (19.9)23 (7.3)Female

Employment sector

0 (0)2 (0.6)20 (6.3)32 (10.1)20 (6.3)Academic

5 (1.6)36 (11.4)50 (15.8)105 (33.1)47 (14.8)Nonacademic

Experience (years)

0 (0)19 (6)24 (7.6)60 (18.9)26 (8.2)>10

5 (1.6)9 (6)46 (14.5)77 (24.3)41 (12.9)<10

Educational qualification

2 (0.6)22 (6.9)15 (4.7)58 (18.3)32 (10.1)Postgraduate degree

3 (0.9)16 (5)55 (17.4)79 (24.9)35 (11)Undergraduate degree

Assistive technologies, n (%)

Sex

0 (0)2 (0.6)12 (3.8)88 (27.8)64 (20.2)Male

0 (0)1 (0.3)25 (7.9)70 (22.1)55 (17.4)Female

Employment sector

0 (0)1 (0.3)10 (3.2)41 (12.9)22 (6.9)Academic

0 (0)2 (0.6)27 (8.5)117 (36.9)97 (30.6)Nonacademic

Experience (years)

0 (0)1 (0.3)13 (4.1)75 (23.7)40 (12.6)>10

0 (0)2 (0.6)24 (7.6)83 (26.2)79 (24.9)<10

Educational qualification

0 (0)1 (0.3)8 (2.5)78 (24.6)42 (13.2)Postgraduate degree

0 (0)2 (0.6)29 (9.1)80 (25.2)77 (24.3)Undergraduate degree

Diagnostic tool, n (%)

Sex

5 (1.6)11 (3.5)23 (7.3)78 (24.6)49 (15.5)Male
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Strongly disagreeDisagreeNeutralAgreeStrongly agreeUses of AI in clinical practice and variables

2 (0.6)10 (3.2)43 (13.6)64 (20.2)32 (10.1)Female

Employment sector

0 (0)6 (1.9)11 (3.5)33 (10.4)24 (7.6)Academic

7 (2.2)15 (4.7)55 (17.4)109 (34.4)57 (18)Nonacademic

Experience (years)

0 (0)3 (0.9)22 (6.6)73 (23)31 (9.8)>10

7 (2.2)18 (5.7)44 (13.9)69 (21.8)50 (15.8)<10

Educational qualification

3 (0.9)9 (2.8)14 (4.4)67 (21.1)36 (11.4)Postgraduate degree

4 (1.3)12 (3.8)52 (16.4)75 (23.7)45 (14.2)Undergraduate degree

Education enhancement, n (%)

Sex

2 (0.6)4 (1.3)12 (3.8)73 (23.1)75 (23.7)Male

0 (0)2 (0.6)29 (9.1)66 (20.8)54 (17)Female

Employment sector

0 (0)1 (0.3)6 (1.9)34 (10.7)33 (10.4)Academic

2 (0.6)5 (1.6)35 (11)105 (33.1)96 (30.3)Nonacademic

Experience (years)

0 (0)2 (0.6)9 (2.8)71 (22.4)47 (14.8)>10

2 (0.6)4 (1.3)32 (10.1)68 (21.5)82 (25.9)<10

Educational qualification

2 (0.6)1 (0.3)5 (1.6)62 (19.6)59 (18.6)Postgraduate degree

0 (0)5 (1.6)36 (11.4)77 (24.3)70 (22.1)Undergraduate degree

Disease Prediction
Of the 166 male PTs, 109 (65.7%) agreed or strongly agreed
that disease prediction is one of the uses of AI applications in
clinical settings. In addition, 56.4% (137/243) of the participants
working in nonacademic settings reported their agreement
regarding using AI technologies in disease prediction. Of the
188 participants with <10 years of experience, 98 (52.1%)
agreed or strongly agreed that disease prediction can be provided
by AI technologies. However, on the basis of educational
qualification, 7.2% (23/317) of the participants disagreed or
strongly disagreed that AI could be used for predicting diseases.

Goal Setting
Of the 166 male participants, 118 (71.1%) agreed or strongly
agreed regarding using AI applications for goal setting, whereas
only 26 (15.7%) disagreed or strongly disagreed with the
statement. Of the 74 participants working in academic
organizations, only 2 (3%) disagreed or strongly disagreed that
AI can be used for goal-setting purposes. With regard to years
of experience, the majority (204/317, 64.4%) of the participants
agreed or strongly agreed that goal setting could be facilitated
by AI technologies. Similarly, on the basis of educational
qualification, the majority (204/317, 64.4%) of the PTs agreed
or strongly agreed that goal setting could be facilitated by AI.

Assistive Technologies
Of the 317 participants, 277 (87.4%) agreed or strongly agreed
that AI applications can be used as assistive technologies in
health care and rehabilitation. However, the male PTs (152/166,
91.6%) had a higher level of agreement than the female PTs
(125/151, 82.8%). The results indicated that of the 243
participants working in the nonacademic sector, 214 (88.1%)
agreed or strongly agreed that AI applications are among the
assistive technologies used in the medical field. On the basis of
experience and educational qualification, very few (3/317, 0.9%,
in each category) of the participants disagreed about using AI
applications as assistive technologies in health care.

Diagnostic Tool
Of the 166 male PTs, 127 (76.5%) agreed or strongly agreed
that AI applications can be used to determine patients’
diagnoses. The majority (166/243, 68.3%) of the participants
working in the nonacademic sector indicated that AI may help
clinicians in providing medical diagnoses. In addition, we found
that 63.8% (120/188) of the PTs with an undergraduate degree
agreed or strongly agreed that AI technologies could be used
for diagnostic purposes compared with 57.9% (73/129) of those
with a postgraduate degree.
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Education Enhancement
Of the 166 male participants, 148 (89.2%) agreed or strongly
agreed about using AI technologies to enhance education among
health care providers. In addition, our results revealed that of
the 243 participants working in the nonacademic sector, 210
(86.4%) highly supported using AI technologies for education
enhancement in the medical field. On the basis of experience

and education, very few (2/317, 0.6%, in each category) of the
participants strongly disagreed that AI has a role in enhancing
the educational background of practitioners.

Impact of AI
Participants were asked to indicate their level of agreement
regarding 3 impacts of using AI technologies in health care and
rehabilitation. The detailed results are presented in Table 5.
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Table 5. Participants’ attitudes regarding the impact of artificial intelligence (AI) on the rehabilitation field (N=317).

Strongly disagreeDisagreeNeutralAgreeStrongly agreeThe impact of AI and variables

Reducing human resources, n (%)

Sex

3 (0.9)25 (7.9)23 (10.1)49 (15.5)57 (18)Male

4 (1.3)15 (4.7)50 (15.8)55 (17.4)27 (8.5)Female

Employment sector

1 (0.3)8 (2.5)20 (6.3)30 (9.5)15 (4.7)Academic

6 (1.9)32 (10.1)62 (19.6)74 (23.3)69 (21.8)Nonacademic

Experience (years)

1 (0.3)19 (6)25 (7.9)41 (12.9)43 (13.6)>10

6 (1.9)21 (6.6)57 (18)63 (19.9)41 (12.9)<10

Educational qualification

2 (0.6)17 (5.4)26 (8.2)34 (10.7)50 (15.8)Postgraduate degree

5 (1.6)23 (7.3)56 (17.7)70 (22.1)34 (10.7)Undergraduate degree

Increasing productivity, n (%)

Sex

2 (0.6)3 (0.9)23 (7.3)86 (27.1)52 (16.4)Male

2 (0.6)5 (1.6)34 (10.7)70 (22.1)40 (12.6)Female

Employment sector

0 (0)3 (0.9)14 (4.4)37 (11.7)20 (6.3)Academic

4 (1.3)5 (1.6)43 (13.6)119 (37.5)72 (22.7)Nonacademic

Experience (years)

0 (0)3 (0.9)21 (6.6)73 (23)32 (10.1)>10

1 (1.3)5 (1.6)36 (11.4)83 (26.2)60 (18.9)<10

Educational qualification

2 (0.6)2 (0.6)22 (6.9)66 (20.8)37 (11.7)Postgraduate degree

2 (0.6)6 (1.9)35 (11)90 (28.4)55 (17.4)Undergraduate degree

Improving patients’ quality of life, n (%)

Sex

2 (0.6)5 (1.6)34 (10.7)65 (20.5)60 (18.9)Male

3 (0.9)5 (1.6)36 (11.4)65 (20.5)42 (13.2)Female

Employment sector

0 (0)3 (0.9)14 (4.4)33 (10.4)24 (7.6)Academic

5 (1.6)7 (2.2)56 (17.7)97 (30.6)78 (24.6)Nonacademic

Experience (years)

0 (0)6 (1.9)33 (10.4)52 (16.4)38 (12)>10

5 (1.6)4 (1.3)37 (11.7)78 (24.6)64 (20.2)<10

Educational qualification

2 (0.6)5 (1.6)30 (9.5)48 (15.1)44 (13.9)Postgraduate degree

3 (0.9)5 (1.6)40 (12.6)82 (25.9)58 (18.3)Undergraduate degree
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Reducing Human Resources
Of the 166 male participants, 106 (63.9%) agreed that AI use
has an impact on human resource reduction. In addition, we
found that 58.8% (143/243) of the participants working in the
nonacademic sector were highly of the opinion that the use of
AI technologies may result in the reduction of human resources
in the clinical field. Of the 188 PTs with <10 years of
experience, 104 (55.3%) agreed or strongly agreed that AI use
may result in human resource reduction. The results also showed
that the participants with a postgraduate degree had a higher
level of strong agreement about the impact of AI use on human
resource reduction than those with an undergraduate degree
(50/129, 38.8%, vs 34/188, 18.1%, respectively).

Increasing Productivity
The results showed that the majority (248/317, 78.2%) of the
participants agreed or strongly agreed that work productivity
could be increased by implementing AI in health care. Of the
243 participants working in the nonacademic sector, 191
(78.6%) agreed or strongly agreed that AI use could increase
productivity. Very few (3/129, 2.3%) of the participants with
>10 years of experience disagreed that an increase in
productivity could be achieved by using AI technologies in
health care. The PTs with an undergraduate degree had a slightly
lower level of agreement on the role of AI in improving work
productivity than those with a postgraduate degree (145/188,
77.1%, vs 103/129, 79.8%, respectively).

Improving Patients’ Quality of Life
The study found that more male participants (125/166, 75.3%)
than female participants (107/151, 70.9%) agreed or strongly
agreed that patients’ quality of life can be improved by using
AI technologies in health care and rehabilitation. In addition,
the study results indicated that 72% (175/243) of the participants
working in the nonacademic sector significantly agreed that AI
has a positive impact on patients’ quality of life. Furthermore,
75.5% (142/188) of the participants with <10 years of experience
agreed or strongly agreed that using AI has a positive impact
on patients’ quality of life.

Ethical Implications of Using AI and Willingness to
Explore the AI Field
The study investigated PTs’ ethical concerns that might arise
when implementing AI in health care and rehabilitation settings.
Nearly half (144/317, 45.4%) of the participants expressed
concerns about the inability of AI applications to sympathize
with human beings or understand the complexity of the human
experience, whereas 42.9% (136/317) were concerned about
the inability of AI applications used in health care to provide a
judgment in unpredicted situations that are beyond the scope
of the AI program. In addition, a few (36/317, 11.4%) of the
respondents stated that they were concerned about AI developers
not being from the medical field or having minimal experience
in medical or clinical practice.

In addition, in response to the question “If the clinician’s
judgment clashed with that of the AI application, which one
should be trusted?” only 6% (19/317) of the participants stated
that the AI application’s decision should be trusted. Most
(262/317, 82.6%) of the PTs reported that the clinician’s

judgment should be preferred over that of the AI application,
whereas 11% (35/317) of the respondents expressed a preference
for abiding by the patient’s choice when the clinician’s reasoning
conflicted with the AI application’s decision. However, in
response to a question about whether AI courses should be
included in rehabilitation curricula, 71.9% (228/317) of the PTs
responded in the positive.

Discussion

Principal Findings
The main purpose of this study was to obtain a snapshot of the
overall perceptions and attitudes of PTs regarding AI
applications in health care and rehabilitation. This study assessed
the relationships among multiple factors, including sex,
experience, employment sector, and educational qualification.
To the best of our knowledge, this is the first study that examines
PTs’ thoughts and opinions regarding AI technologies and their
relationships with multiple explanatory variables. The study
findings might add to the existing knowledge regarding why it
is important to enhance PTs’ awareness of the advantages and
uses of AI technologies in clinical practice.

In this study, it was found that the majority (health care:
238/317, 75.1%, and rehabilitation: 121/317, 38.2%) of the
participants had moderate knowledge about AI in health care
and rehabilitation. Most (196/317, 61.8%) of the respondents
stated that they had not heard about AI applications in
rehabilitation. The results were consistent with those of a study
that was conducted in Canada to explore the perceptions of
oncologists, physicists, and radiation therapists about AI, which
reported moderate knowledge about AI applications in medicine
[20]. In addition, similar findings were reported in an Australian
study that highlighted the average knowledge about the impact
of AI among different health care professions [21]. Surprisingly,
the majority (194/317, 61.2%) of the respondents in this study
reported that they had not come across any AI applications at
their workplace. Although AI technologies have been a focus
of medical research, real-world clinical practice still faces
obstacles when it comes to implementing AI. To successfully
implement AI technologies in rehabilitation, PTs need to have
prior knowledge, practical experience, confidence, and
acceptance of AI technologies. This study did not investigate
the barriers to AI implementation in clinical practice; therefore,
research could be conducted in the future to support this study’s
findings.

Generally, the male participants reported having more
knowledge and more positive attitudes regarding AI applications
than the female participants. Similar findings were reported by
Santos et al [22] who found that male students were more
interested than female students in AI and robotics. Moreover,
most (223/317, 70.3%) of the PTs expressed the view that AI
applications would have an impact on health care and
rehabilitation practices. However, participants with <10 years
of experience were more likely to believe that AI would have
an impact on clinical practice. This was consistent with the
results of a previous study by Scheetz et al [21], which indicated
that health care practitioners with fewer years of clinical
practice, including ophthalmologists, radiation oncologists, and

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39565 | p.643https://www.jmir.org/2022/10/e39565
(page number not for citation purposes)

Alsobhi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


dermatologists, agreed that AI would have an impact on the
workforce. The reasons behind this have not been investigated
previously. However, it is possible, as noted in the results, that
clinicians with more experience have less confidence in AI.

In this study, most (218/317, 68.8%) of the participants stated
that they believed that AI would reduce PTs’ workload and
increase their productivity. This finding was similar to those of
studies of AI use among other clinicians [20,23]. However,
employment sector was one of the explanatory factors in this
study. We found that there was a statistically significant
difference in the PTs’ responses based on their primary
workplace. Participants working in the nonacademic sector were
more likely to accept AI applications than PTs who worked in
the academic sector. There are no prior studies on the differences
in PTs’ knowledge and attitudes regarding AI based on their
primary practice setting; therefore, the explanation is not clear,
and more research needs to be conducted in this area. It is
essential to have a better understanding of physical therapy
educators’ knowledge and practical experience of, as well as
confidence in, AI technologies because they are among the
facilitators who would increase the acceptance of AI applications
by future PTs.

Incorporating AI technologies in the physical therapy core
curriculum would help to smoothen future PTs’ engagement
with the new era of intelligent technologies in rehabilitation
practices. Future PTs need to be mentally prepared to explore,
understand, and apply the algorithms of AI applications in their
practice. In this study, 71.9% (228/317) of the participants
indicated that AI courses should be incorporated in the academic
curriculum. Previous studies also suggested integrating different
courses related to AI into undergraduate and postgraduate
programs such as data science, deep learning, and behavioral
science, which may help clinicians to understand and apply AI
in their medical practice [6,24].

In addition, the results of this study indicated that only 6%
(19/317) of the PTs think that the AI application’s decision
should be preferred over that of the clinician, whereas the
majority (262/317, 82.6%) of the PTs stated that they would
abide by the clinician’s decision. A similar result was reported

in the study by Oh et al [25], who found that the majority of the
doctors would favor trusting their own opinion over that of the
AI application when there was a difference of opinion. In this
study, the results indicated that there is insufficient information
about PTs’knowledge of, and experience with, AI applications,
especially in the rehabilitation field. This paper promotes the
necessity for more research to be conducted to increase the
knowledge and practical experience of PTs regarding AI
applications.

This study includes some limitations. First, because the survey
was self-administered, there is a possibility of some bias
regarding the PTs’ responses. In addition, the results cannot be
generalized to other health care professionals because this study
was limited to PTs. In this study, an electronic survey was used
to collect the data, and this may have led to sample selection
bias. Other sampling strategies could be used in the future to
reach out to a more representative sample of PTs. In physical
therapy research, AI applications are being developed rapidly,
but a very limited number of AI techniques are being
implemented and translated into physical therapy practices. This
study’s results indicate low-to-average AI knowledge among
PTs and positive attitudes regarding the different advantages,
uses, and impacts of AI use. However, action is required to
translate AI technologies from research into actual clinical
practice.

Conclusions
The use of AI technologies is growing rapidly in health care
and rehabilitation. Thus, there is a need to increase PTs’
awareness of various AI applications in rehabilitation to provide
competent patient care facilities. The results of this study
indicate that being a man, having >10 years of experience, and
having a postgraduate degree are the anticipated PT criteria that
increase AI knowledge and adoption levels. In addition, the
results highlighted the importance of promoting evidence-based
knowledge translation, particularly with regard to AI
technologies, among PTs. However, to successfully implement
AI in the rehabilitation field, further research on both physical
therapy clinicians and patient expectations should be conducted.
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Abstract

Background: Most individuals with Parkinson disease (PD) experience a degradation in their speech intelligibility. Research
on the use of automatic speech recognition (ASR) to assess intelligibility is still sparse, especially when trying to replicate
communication challenges in real-life conditions (ie, noisy backgrounds). Developing technologies to automatically measure
intelligibility in noise can ultimately assist patients in self-managing their voice changes due to the disease.

Objective: The goal of this study was to pilot-test and validate the use of a customized web-based app to assess speech
intelligibility in noise in individuals with dysarthria associated with PD.

Methods: In total, 20 individuals with dysarthria associated with PD and 20 healthy controls (HCs) recorded a set of sentences
using their phones. The Google Cloud ASR API was used to automatically transcribe the speakers’ sentences. An algorithm was
created to embed speakers’ sentences in +6-dB signal-to-noise multitalker babble. Results from ASR performance were compared
to those from 30 listeners who orthographically transcribed the same set of sentences. Data were reduced into a single event,
defined as a success if the artificial intelligence (AI) system transcribed a random speaker or sentence as well or better than the
average of 3 randomly chosen human listeners. These data were further analyzed by logistic regression to assess whether AI
success differed by speaker group (HCs or speakers with dysarthria) or was affected by sentence length. A discriminant analysis
was conducted on the human listener data and AI transcriber data independently to compare the ability of each data set to
discriminate between HCs and speakers with dysarthria.

Results: The data analysis indicated a 0.8 probability (95% CI 0.65-0.91) that AI performance would be as good or better than
the average human listener. AI transcriber success probability was not found to be dependent on speaker group. AI transcriber
success was found to decrease with sentence length, losing an estimated 0.03 probability of transcribing as well as the average
human listener for each word increase in sentence length. The AI transcriber data were found to offer the same discrimination of
speakers into categories (HCs and speakers with dysarthria) as the human listener data.

Conclusions: ASR has the potential to assess intelligibility in noise in speakers with dysarthria associated with PD. Our results
hold promise for the use of AI with this clinical population, although a full range of speech severity needs to be evaluated in
future work, as well as the effect of different speaking tasks on ASR.

(J Med Internet Res 2022;24(10):e40567)   doi:10.2196/40567
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Introduction

Parkinson disease (PD) is the second most common
neurodegenerative disease, following Alzheimer disease [1].
Approximately 1 million individuals are estimated to be affected
by the disease in the United States [2], and its prevalence
surpasses 6 million people worldwide [3], with numbers
projected to increase in the future [2]. Close to 90% of
individuals with PD evidence problems with voice or speech,
an impairment known as hypokinetic dysarthria, which has a
latency that averages 7 years post–disease onset [4]. This motor
speech disorder is characterized by hypophonia (ie, reduced
loudness), monopitch, monoloudness, articulatory imprecision,
reduced stress, short rushes of speech, and variable rate [5]. As
a result, many individuals affected by the disease complain of
intelligibility problems (ie, their ability to be understood by
others) [6], especially in noisy environments (eg, when dining
out at a restaurant). Additionally, the presence of background
noise has been shown to negatively affect even speakers with
mildly dysarthric speech [7]. Overall, these speech deficits
substantially reduce speakers’ social participation and overall
quality of life [8], as their inability to effectively communicate
with others increases their frustration and social isolation.

The application of artificial intelligence (AI) in the medical
field has brought promising results to enhance communication
and, ultimately, quality of life [9] in a wide range of individuals.
For example, voice-assisted technology, which is used in devices
such as Siri or Alexa, has become increasingly more present
among individuals with a neurodegenerative disease, such as
those with PD [10], and has gradually been incorporated as a
potential available tool for health professionals, such as speech
and language pathologists [11]. The development of automatic
speech recognition (ASR) technologies has substantially
advanced in the past 40 years, especially given the onset of deep
learning mechanisms [12]. Most crucially, the use of ASR has
been shown to be effective in estimating speakers’ intelligibility
deficits for different clinical populations who may present with
speech impairments [13], such as those resulting from a
laryngectomy [14], a cleft palate [15], or head and neck cancer
[16]. Additionally, the clinical validity of ASR has also been
explored in individuals with apraxia of speech and aphasia with
promising results [17,18]. Project Euphonia has achieved a
large-scale data set with over 1 million recordings of disordered
speech, with the ultimate goal to personalize ASR models to
enhance communication in individuals who experience speech
and language difficulties [19,20]. Despite the great
advancements that these findings represent, however, research
on the application of ASR for individuals with the motor speech
disorder of dysarthria has been more limited [21-23], and it has
underscored the high degree of variability that characterizes
dysarthric speech [13], especially with increased speech severity
levels [24]. Dimauro et al [25] explored the use of ASR with
28 individuals with dysarthria associated with PD, 22 healthy
older adults, and 15 healthy young controls. In their study, the
speech-to-text system focused on the recognition error rates of
words from different speech tasks. Although their results upheld
the use of AI as a promising resource for clinical populations,
it is important to note, however, that their experiment was

conducted in quiet conditions, which may not reflect the real-life
challenges speakers with PD face in everyday communication.
More recently, Gutz et al [26] used the Google Cloud ASR API
for intelligibility measurement with 52 speakers with dysarthria
associated with amyotrophic lateral sclerosis and 20 healthy
controls. Additionally, the authors used noise-augmented ASR
to assist the AI system in discriminating between healthy speech
and mildly dysarthric speech. Results from their study showed
high variability and poor internal validity of machine word
recognition rate, suggesting that this technology may have
limited clinical applicability for this population at this time.

Our previous pilot work examined ASR performance in
multitalker babble noise to measure speech intelligibility from
a reading task in 5 speakers with PD and 5 healthy adults [27].
Preliminary results supported the feasibility of AI technologies
to simulate real-life challenges posed by ambient noise. Our
current study was aimed at expanding our previous work with
speakers with dysarthria associated with PD to preliminarily
validate the use of ASR in noise with this clinical population.
To that end, this study reports on the development, pilot-testing,
and validation of a web-based app, Understand Me for Life [27],
to assess speech intelligibility in noise using the Google Cloud
ASR API in speakers with dysarthria associated with PD.
Specifically, our aims were to (1) examine how ASR compared
to human transcription, the current gold standard, when
determining intelligibility accuracy scores for speakers with
hypokinetic dysarthria associated with PD; and (2) determine
the extent to which ASR could accurately discriminate between
speakers with dysarthria and healthy controls.

Methods

Ethics Approval
This study was approved by the Institutional Review Board at
Long Island University, Brooklyn (21/01-002-Bkln).

Speakers
In total, 20 individuals with PD (12 women and 8 men; mean
age 73.3 years; age range 62-81 years) and 20 age- and
sex-matched neurologically healthy adults participated in the
speech recordings for this study. Individuals with PD had to
meet the following inclusion criteria: (1) having a medical
diagnosis of PD, (2) having experienced changes in their voice
that represented a current concern, (3) having a stable
anti-Parkinsonian medication, (4) passing the Montreal
Cognitive Assessment [28], and (5) being a native speaker of
English. Exclusion criteria included having received intensive
voice-focused treatment in the past 2 years prior to the study
and having received deep brain stimulation. Neurologically
healthy speakers (12 women and 8 men; mean age 70.5 years;
age range 59-84 years) with no history of motor speech
impairments served as controls. Table 1 presents the speakers’
biographical details and clinical characteristics.

Dysarthria severity ranged from mild to moderate in these
speakers and was assessed from a conversation sample by an
experienced speech and language pathologist. Consensus with
a second speech and language pathologist was obtained for the
final dysarthria severity estimates [29].
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Table 1. Speakers’ biographical details and clinical characteristics.

Patient’s voice complaintDysarthria severityYPDaSexAge (years)Speaker

Voice is softer and sounds are not as well-articulatedMild9Female77P1b

Voice is softerMild-moderate1Male77P2

HoarsenessMild6Female70P3

Less control over shaping words, changes in loudness, and occasional
rapid breathing

Mild4Female72P4

Voice is much lower and softer and reduced intelligibilityMild-moderate7Female72P5

Increased fatigue, hoarseness, and lack of clarityMild-moderate8Female80P6

Reduced fundamental frequency range for singing and “scratchy
feeling” in throat

Mild8Female80P7

Lower pitch, hoarseness, voice is much softer, and reduced intelligi-
bility

Mild-moderate9Female67P8

Recent coughing, softness of voice, and voice sounds rougher and
softer than usual.

Mild5Female65P9

Slurring, voice is softer, and intelligibility has been affected.Mild7Female78P10

Occasional reduction in loudnessMild8Female60P11

Fluctuations in voice and voice is much softerMild7Male66P12

Occasional reduction in loudness and stutteringMild8Male73P14

Voice is softerMild-moderate7Female80P14

Voice is softer and more strainedMild-moderate13Male73P15

Voice is softer, trouble finding words, and sometimes intelligibility
is affected

Mild4Male78P16

Voice is very soft, problems with intelligibility, and fast speaking rateModerate13Male62P17

Voice is softer, breathiness, and have to clear throat more oftenMild-moderate8Male81P18

Voice is softerMild8Female80P19

Soft voice and hoarsenessModerate7Male76P20

N/AN/AN/AdFemale68HC1c

N/AN/AN/AMale71HC2

N/AN/AN/AFemale64HC3

N/AN/AN/AMale67HC4

N/AN/AN/AFemale72HC5

N/AN/AN/AFemale77HC6

N/AN/AN/AMale72HC7

N/AN/AN/AMale71HC8

N/AN/AN/AFemale67HC9

N/AN/AN/AMale78HC10

N/AN/AN/AFemale59HC11

N/AN/AN/AMale61HC12

N/AN/AN/AFemale75HC13

N/AN/AN/AFemale66HC14

N/AN/AN/AFemale63HC15

N/AN/AN/AMale63HC16

N/AN/AN/AFemale84HC17

N/AN/AN/AMale84HC18
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Patient’s voice complaintDysarthria severityYPDaSexAge (years)Speaker

N/AN/AN/AFemale65HC19

N/AN/AN/AFemale83HC20

aYPD: years postdiagnosis.
bP: patient (speaker with dysarthria associated with Parkinson disease).
cHC: healthy control.
dN/A: not applicable.

Speech Stimuli and Recording Procedures
A set of 100 grammatically and semantically correct sentences
was created for this study. Sentences differed in length, from 5
to 9 words (eg, “Take care of my house while I am away”), and
contained high frequency words in the English language (The
English Lexicon Project) [30]. The data set was then divided
into 4 different blocks of 25 randomized sentences each, with
blocks having an equal number of sentences from each sentence
length. Each speaker was randomized to 1 block of stimuli for
speech recordings, so that each block was read by 10 different
speakers. Recordings were self-paced and conducted in a quiet
room in the speakers’ homes using a customized web-based
app, Understand Me for Life [27], that the speakers could access
from their mobile phones. The first author met with speakers
over the Zoom videoconferencing platform (Zoom Video
Communications) to explain the recording procedure and address
any potential questions. Careful directions were provided to
ensure a constant 8-cm (3.15 inches) mouth-to-microphone
distance [31,32]. Given the possibility of PD-related motor
impairments hindering adequate recordings (eg, tremors), care
partners were recruited to assist speakers when necessary.
Speakers were allowed to rerecord a sentence in cases of
extraneous noise in the background. A brief familiarization
phase was provided at the beginning of the recording session
so that speakers could practice using the interface. Feedback
from speakers was obtained for later app optimization.

For each recorded sentence, the app automatically embedded
the speakers’voice signal into +6-dB signal-to-noise multitalker
babble noise [33] to provide an intelligibility score, defined as
the percentage of words accurately understood by the ASR
system. Automatic feedback on performance was provided at
the end of the recording session and not after each sentence to
avoid any potential priming effects that could influence sentence
production on subsequent items [34].

Multitalker Babble Noise
Multitalker babble is thought to be the most common type of
environmental noise experienced by listeners [35], which,
therefore, makes it more ecologically valid in speech perception
experiments. For this study, 10-second sample recordings from
National Public Radio were used. Audio files were manually
checked to control for sudden changes in the speech signal (eg,
increase in vocal intensity). Prolonged silences (ie, over 500
ms) were trimmed, followed by the equalization of the audio
spectrum in a moving window. An equal number of male and
female speakers was implemented in the creation of background
noise [36]. The equalized audios were finally combined to render
10-talker babble [33].

Listeners
In total, 30 neurologically healthy adults (25 women and 5 men;
mean age 23.1 years; age range 18-31 years) participated as
listeners in the study. Listeners were recruited via flyers and
word of mouth across the New York City area. Inclusion criteria
for participation required listeners to be native speakers of
English; have no history of speech, language, or communication
impairment; have no prior experience with motor speech
disorders; and pass a bilateral pure-tone hearing screening at
25-dB hearing level at 500, 1000, 2000, and 4000 Hz [37].
Listeners were paid US $20 for their participation in the study.

Human Transcription
Listeners completed the intelligibility assessment task free field
(ie, without headphones) in a quiet space at the Long Island
University campus, in Brooklyn, New York. The task was
accessible through the Understand Me for Life portal on a
MacBook Pro laptop (Apple Inc). Listeners maintained a
distance of 85 cm from the loudspeakers (Logitech Z150), and
the loudspeakers were placed 31 cm from each other.
Listener-to-loudspeaker distance represented the typical distance
between conversational partners [38]. The task took
approximately 30-40 minutes to complete.

A brief familiarization phase was presented before the start of
the experiment and contained 3 sentences produced by a
neurologically healthy adult male speaker. Listeners were
instructed to write down word by word what they heard and not
worry about punctuation marks. Each listener was randomly
assigned to 1 speaker per block, with block presentation being
random across listeners. Therefore, each listener heard a total
of 4 speakers and 100 sentences. Sentences were presented in
multitalker babble, hence replicating the AI condition. To avoid
abrupt onsets and offsets of stimuli, 400 ms of noise were
inserted at the beginning of each sentence, and each sentence
was followed by 50 ms of babble noise [39]. To obtain an
average score for subsequent transcription accuracy calculations,
each speaker was assigned to 3 listeners. None of the listeners
required a break during the completion of this task.

Data Analysis

Automatic Intelligibility Assessment
Automatic intelligibility assessment (AIA) was conducted using
the Google Cloud ASR API, a speech-to-text AI system with
documented low word error rate for individuals with healthy
speech that is thought to be the best platform to handle dysarthric
speech, although software performance is still dependent on
speech severity, with high word error rates in cases of more
severely affected speech [40].
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For a given produced utterance (S) and the corresponding target
sentence (T), stimuli were suitably padded with whitespace to
ensure that both S and T were of equal length (L). Each word
in S was codified with ws and each word in T with wt, where s
and t were numbers from 0 to L – 1. Accuracy was calculated
by the formula as follows:

where σ(ws,wt) = 1 if ws = wt, and 0 otherwise. This step was
implemented to avoid providing a score to words that appeared
in both S and T but were out of order [27].

Manual Intelligibility Assessment
Transcription accuracy scores were calculated as the percentage
of words correctly transcribed. Orthographic transcriptions are
considered the most objective measure to assess intelligibility
in dysarthria [33]. Listeners’ orthographic transcripts had to
match the target to be accepted as correct [32,41]. Obvious
spelling errors or errors involving homonyms did not impact
calculation scores and were assessed as correct responses.
Omissions or additions of morphemes (eg, flower for flowers)
were coded as an error.

Statistical Analysis
The goal of the first phase of statistical analysis was to assess
the degree to which the AIA could score as well or better than
the average human transcriber (ie, listener). As described above,
3 listeners orthographically transcribed sentences from the same
speakers, and their data were condensed into a percentage
accuracy measure for each sentence, which summarized the
percentage of words the human listener correctly transcribed.
For each question, the average percentage accuracy, denoted as
âij, human avg, was computed for each sentence j within each
speaker i to reduce intralistener variability. The AIA system
also received a percentage accuracy measure for each sentence
or speaker, which we denoted as âij, AIA. The success of the AIA
system was defined as follows:

The AIA system was considered to give a successful
transcription if its percentage accuracy score was at least as
good as the average of the human listeners’ accuracies for
sentence j within each speaker i. The data were then condensed
up to the speaker level by computing the proportion of successes
of the AIA system over the j = 1 , ... , 25 sentences read by
speaker i as follows:

This procedure provided an estimate of the probability of success
of the AIA system transcription for randomly selected speakers.
Standard binomial statistics were used to quantify uncertainty
in this analysis and present the results with appropriate statistical
summaries and CIs. We investigated whether data provided
evidence that the AIA transcriber success differed whether the
system was transcribing a healthy control (HC) or a speaker
with dysarthria associated with PD and whether sentence length
had an effect on AIA success, via a logistic regression analysis.

The goal of the second phase of statistical analysis was to
compare the ability of the resulting AIA transcription data
summaries to discriminate between healthy controls and
speakers with dysarthria. To investigate this goal, we applied
linear discriminant analysis to identify optimal discrimination
thresholds for both the listener transcriptions and the AIA
transcriptions and summarized the discrimination ability of each
via typical confusion matrices and correct percentage
classification summaries. All statistical analyses were conducted
in R statistical software (version 4.1.1; R Foundation for
Statistical Computing) [42] and a discriminant and classification
analysis was conducted via the lda function in the MASS
package [43].

Intralistener reliability was assessed via percentage agreement
on several (approximately 10) duplicate speaker sentences.
Interlistener reliability was controlled for in this assessment by
condensing each of the 3 listeners’ percentage accuracy
measures for each speaker or sentence into the average.

Results

A summary of intrarater reliability is shown in Figure 1. The
average percentage agreement of repeated responses of this
study’s listeners was 80%.

The success summaries of the AIA transcriber at the speaker
level are presented in Figure 2. The figure shows estimates of
the probability of success for each speaker (ordered by score)
with a 95% CI. The mean probability of success is indicated by
the red horizontal line. The figure illustrates that the expected
success probability of the AIA transcriber for a randomly
selected speaker was approximately 0.8 (95% CI 0.65-0.91),
with the AIA system scoring 80% of target sentences as well
or better than the human transcribers for half (22/40, 55%) of
the study’s speakers. The success probability estimates stratified
by speaker group (HC or speaker with dysarthria) are shown in
Figure 3. The figure suggests that the AIA transcriber had a
slightly more difficult time accurately transcribing the sentences
read by speakers with dysarthria, with a slight decline in the
estimate of probability of success for speakers #14, #18, and
#19.
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Figure 1. Distribution of intrarater percentage agreement across the 30 listeners.

Figure 2. Estimates of the probability that the automatic intelligibility assessment transcriber will be as accurate as human transcribers for each speaker.
The vertical bands are 95% CIs on the estimate of probability of success. Black dotted line=0.5 and red dotted line=median AI probability of success.
AI: artificial intelligence; C: control; P: patient with dysarthria.

Figure 3. Estimates of the probability that the automatic intelligibility assessment transcriber will be as accurate as human transcribers for each speaker:
(A) healthy controls and (B) speakers with dysarthria. AI: artificial intelligence; C: control; P: patient with dysarthria.
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We further analyzed these data via a logistic regression model.
The response was the (logit) probability of AI success and the
predictors were speaker group (HC or speakers with dysarthria)
and sentence type. Speaker-to-speaker variance was controlled
for by including speaker as a random effect. The fitted model
estimates are presented in Table 2. The advantage of this
approach is that each row provides a significance test for each
term provided we have controlled for the effects of the other
terms. In this regard, after controlling for speaker and sentence
length, we see that these data provide weak evidence that AI
success differs significantly by speaker group (ie, between HC
and speakers with dysarthria; P=.23). Further, sentence length
was found to have a significant negative impact on AI success
(P<.001). The results are represented in an effects plot in Figure
4. The left panel illustrates that an estimate of the probability
of AI success for speakers with dysarthria is 0.78, but this value
is not significantly different from the estimate of the probability

of AI success for HCs (0.82; P=.23). The right panel illustrates
an estimated dependence of the probability of AI success on
sentence length, with each increase in sentence length decreasing
AI success probability by an estimated 0.03.

Percentage accuracy distributions by transcriber (human or AIA
system) and speaker group are presented in Figure 5. The box
plots in Figure 5 indicate that the median accuracy score for
speakers with dysarthria was farther from the median accuracy
score for healthy controls as compared to the distance between
the 2 medians for the human transcriber data. This finding
suggests that the AIA system data may offer better
discrimination and classification ability for speaker group.

Confusion matrices recording the classification rates of
discriminants based on human transcription data and AIA system
data are presented in Table 3.

Table 2. Fitted logistic regression model coefficients.

P valuez valueSEEstimateEffect

<.0017.0220.447743.14414Intercept

.23–1.2070.21156–0.25525Speaker group

.001–4.1050.05763–0.23658Sentence length

Figure 4. Estimated effects and CIs from the logistic regression of probability of AI success as a function of (A) speaker group, (B) sentence length,
and speaker random effect. AI: artificial intelligence; HC: healthy controls.

Figure 5. Box plots of the estimates of AIA system success by speaker category and transcriber: (A) human listener and (B) AIA system. AI: artificial
intelligence; AIA: automatic intelligibility assessment; HC: healthy controls.
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Table 3. Classification summary of the speakers based on linear discriminants fit to the human transcription data and automatic intelligibility assessment
system data.

Classified group via discriminantTrue group

Discriminant from artificial intelligence data (overall predictive
accuracy: 0.675)

Discriminant from human listener average data (overall predictive
accuracy: 0.6)

PDHCPDbHCa 

515515HC

128911PD

aHC: healthy control.
bPD: Parkinson disease.

Discussion

Principal Findings
This study aimed to develop, pilot-test, and validate the use of
a web-based app, Understand Me for Life, to automatically
measure speech intelligibility in noise in speakers with
hypokinetic dysarthria associated with PD. Additionally, a
secondary objective of the study was to determine whether ASR
could discriminate between the speech of healthy controls and
that of speakers with dysarthria.

Literature on ASR performance on clinical populations,
especially those with motor speech disorders, is still sparse. To
validate the use of speech-to-text technology to determine
intelligibility accuracy scores for speakers with dysarthria, ASR
performance was benchmarked relative to that of human
transcribers [19]. Results showed that the ASR system had an
80% chance of performing as well as or better than a human
transcriber on any random speaker. The potential capacity of
ASR to outperform human listeners has been shown in recent
studies [19], although further work is required with longer
utterances and different speech tasks, as summarized in the
limitations section below. Our findings also echo those reported
with other clinical populations, such as those with a diagnosis
of apraxia of speech and aphasia [17,18]. Additionally, our data
provided no evidence that the mean probability of ASR success
differed between the 2 groups of speakers, either a speaker with
dysarthria or a healthy control. Thus, the success of the
speech-to-text system did not depend on whether the speaker
was neurologically healthy or presented with hypokinetic
dysarthria associated with PD. It is important to acknowledge,
however, that our speakers did not evidence dysarthria across
all severity ranges; this limitation will be addressed in future
work. Sentence length did influence ASR, with a decrease in
accuracy observed for longer sentences, which was an expected
result and is in agreement with prior literature [19,26].

The second aim of the study was to determine whether ASR
could accurately discriminate between speakers with dysarthria
and healthy controls. Results showed that both the human and
the AIA system data provided the same classification rates for
healthy controls (15/20, 75% correctly classified and 5/20, 25%
incorrectly classified as speakers with dysarthria), hence
evidencing equal specificity (ie, 75%). The AIA system data,
however, yielded a slightly better classification success for
speakers with dysarthria (12/20, 60% correct PD classifications

compared to the human transcription data that only yielded 9/20,
45% correct PD classifications), which suggests stronger
sensitivity than the one obtained for human transcribers (ie,
60% vs 45%). In traditional studies using human listeners,
performance on intelligibility assessments has not shown
significant differences between speakers with mild dysarthria
secondary to PD and healthy controls [33], hence suggesting
that group classification based on intelligibility scores may
depend on speech severity. In our study, AI correctly classified
12 speakers with dysarthria (out of 20), a result that could be
explained by the severity levels of our sample ranging from
mild to mild-to-moderate only.

Limitations and Future Work
The study’s limitations warrant future work in this research
area. It should be noted that our sample of speakers with
dysarthria did not include those with more severe speech
deficits. Therefore, these results offer a preliminarily promising,
albeit not conclusive, clinical tool for measuring intelligibility
in individuals with dysarthria associated with PD. Nevertheless,
ASR performance with a more diverse speech severity range in
speakers with dysarthria associated with PD should be explored.
It is likely that increased speech severity in individuals with PD
would impact ASR, as this increase was also found in speakers
with dysarthria associated with amyotrophic lateral sclerosis
[26]. An additional limitation from this study is that the speech
stimuli were derived from read sentences rather than from
conversational speech. Although sentences rendered a higher
level of predictability and, thus, control, conversational speech
would have greater ecological validity. Finally, we should also
acknowledge that previously reported studies used different
ASR methodology compared to this study and that, as discussed
in Jacks et al [18], ASR technology is in constant and rapid
evolution, rendering any results on ASR in need of systematic
reevaluation for the proper and valid use of ASR-assisted clinical
tools.

Our ongoing work is motivated by the concept of
self-management, which, in the context of a chronic illness such
as PD, has become increasingly relevant. Self-management
relates to the patient’s ability to identify a given behavior (eg,
voice changes) and react or problem-solve in accordance with
such observation [44]. Having the knowledge on how to respond
to the worsening of disease symptoms and when to seek medical
advice has been shown to be crucial contributors to patients’
well-being [45]. The implementation of ASR in speech
intelligibility assessment, therefore, can potentially serve to
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establish preventative measures before the onset of speech and
intelligibility degradation and control measures (eg, referral to
a speech therapist) if speech deficits already exist.

Conclusions
This study validated the use of ASR to measure intelligibility
in real-life settings (ie, using background noise) in speakers

with mild-to-moderate dysarthria associated with PD. Therefore,
our preliminary data show that ASR has the potential to assess
intelligibility in noise in this clinical population. Results hold
promise for the use of AI as a future clinical tool to assist
patients and speech and language therapists alike, although the
full range of speech severity needs to be evaluated in future
work, as well as the effect of different speaking tasks on ASR.
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Abstract

Background: Conversational agents (CAs) are increasingly used in health care to deliver behavior change interventions. Their
evaluation often includes categorizing the behavior change techniques (BCTs) using a classification system of which the BCT
Taxonomy v1 (BCTTv1) is one of the most common. Previous studies have presented descriptive summaries of behavior change
interventions delivered by CAs, but no in-depth study reporting the use of BCTs in these interventions has been published to
date.

Objective: This review aims to describe behavior change interventions delivered by CAs and to identify the BCTs and theories
guiding their design.

Methods: We searched PubMed, Embase, Cochrane’s Central Register of Controlled Trials, and the first 10 pages of Google
and Google Scholar in April 2021. We included primary, experimental studies evaluating a behavior change intervention delivered
by a CA. BCTs coding followed the BCTTv1. Two independent reviewers selected the studies and extracted the data. Descriptive
analysis and frequent itemset mining to identify BCT clusters were performed.

Results: We included 47 studies reporting on mental health (n=19, 40%), chronic disorders (n=14, 30%), and lifestyle change
(n=14, 30%) interventions. There were 20/47 embodied CAs (43%) and 27/47 CAs (57%) represented a female character. Most
CAs were rule based (34/47, 72%). Experimental interventions included 63 BCTs, (mean 9 BCTs; range 2-21 BCTs), while
comparisons included 32 BCTs (mean 2 BCTs; range 2-17 BCTs). Most interventions included BCTs 4.1 “Instruction on how
to perform a behavior” (34/47, 72%), 3.3 “Social support” (emotional; 27/47, 57%), and 1.2 “Problem solving” (24/47, 51%). A
total of 12/47 studies (26%) were informed by a behavior change theory, mainly the Transtheoretical Model and the Social
Cognitive Theory. Studies using the same behavior change theory included different BCTs.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39243 | p.658https://www.jmir.org/2022/10/e39243
(page number not for citation purposes)

Martinengo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:lorainne.tudor.car@ntu.edu.sg
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: There is a need for the more explicit use of behavior change theories and improved reporting of BCTs in CA
interventions to enhance the analysis of intervention effectiveness and improve the reproducibility of research.

(J Med Internet Res 2022;24(10):e39243)   doi:10.2196/39243
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behavior change; behavior change techniques; conversational agent; chatbot; mHealth

Introduction

Conversational agents (CAs), or chatbots, are computer
programs that simulate conversations with humans [1]. Although
the first CAs were developed in the mid-1960s, it was not until
the early 2000s that their availability and popularity markedly
increased [2]. CAs can be used to automate a variety of tasks,
such as the provision of news or weather forecasts and the
facilitation of web-based shopping [3]. CAs may be deployed
as stand-alone apps or websites, integrated into multifunctional
apps, or included in messaging apps such as Telegram, Facebook
Messenger, and Slack [2]. They may use text or voice-assisted
interfaces or may include an embodied agent using virtual
characters to simulate both verbal and nonverbal aspects of
human communication [4]. CAs can be further classified as
simple rule-based agents or smart, artificial intelligence
(AI)–based agents using natural language processing or machine
learning to generate the responses [2].

Following the trends in other industries, health care has seen
increasing adoption of CAs in recent years [1]. Health care CAs
are versatile tools able to cater to several health needs, such as
providing timely information [5], supporting mental health
disorder management [6,7], assisting with triage in clinical
settings [8,9], supporting chronic disease self-management, or
delivering lifestyle change interventions, such as physical
activity [10] and dietary changes, that increasingly incorporate
elements of behavior change in the intervention design. In
general, health care CAs appear to be effective in improving
individuals’ outcomes [11,12] and are acceptable to users, who
often describe them as friendly and trustworthy.

Increasingly, health care CAs are used to deliver behavior
change interventions, defined as complex interventions,
comprising an interplay of 1 or several heterogeneous behavior
change techniques (BCTs) [13]. BCTs are “observable and
replicable components designed to change behavior” [13]. BCTs
are considered the smallest active ingredient in an intervention,
and can be used alone or in combination with other BCTs [13].
Adequate categorization of the BCTs included in an intervention
allows for more efficient coding, leading to easier replication
when designing similar interventions [13]. Several methods to
classify BCTs have been developed, of which the Behavior
Change Technique Taxonomy version 1 (BCTTv1) [14] is the
most established and commonly used.

Several reviews have synthesized the evidence about behavior
change interventions delivered by digital health tools and CAs,
such as a systematic review reporting on the use of BCTs in
effective digital diabetes prevention interventions [15], a
mapping review offering a description of the current uses of
CAs for behavior change [16], and a scoping review describing

the use of embodied CAs to support healthy lifestyle [17]. These
reviews presented descriptive data, without an in-depth analysis
of the type of BCTs used in the interventions, the use of behavior
change theories to guide the interventions, the frequency with
which each BCT was used, and potential associations between
BCTs and intervention effectiveness. Therefore, this scoping
review aims to analyze the use of BCTs in behavior change
interventions delivered by CAs; specifically, it describes the
health behaviors and disorders targeted by the intervention,
describes the types of CAs used to deliver the behavior change
interventions, identifies the theories or frameworks guiding the
design of the behavior change interventions, identifies the most
common type of BCTs used in CA-delivered interventions in
health care, compares the BCTs employed in different types of
CAs and for different health disorders, and compares the BCTs
employed in the experimental and comparison interventions of
studies evaluating CA-delivered behavior change interventions.

Methods

Overview
The scoping review was performed according to the Joanna
Briggs Institute guidelines [18] and reported in alignment with
the PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
reporting guidelines (Multimedia Appendix 1) [19]. The protocol
was registered in Open Science Framework Registries [20] in
April 2021 and was published in a peer-reviewed journal in July
2021 [21].

Search Strategy
The search strategy was designed using a comprehensive list
of words and phrases that define CAs (Multimedia Appendix
2). We searched PubMed, Embase (Ovid), and CENTRAL
(Cochrane Central Register of Controlled Trials), from their
inception, and the first 10 pages of Google and Google Scholar
[22,23] on April 26, 2021.

Eligibility Criteria
This scoping review included primary, experimental studies in
English evaluating the use of CAs to deliver health care
interventions focusing on behavior change. Eligible study
designs were randomized controlled trials (RCTs), quasi-RCTs,
cluster-randomized trials, controlled before-and-after studies,
uncontrolled before-and-after studies, interrupted time series,
and pilot and feasibility studies. We excluded nonexperimental
study designs, such as observational studies, qualitative studies,
opinion pieces, editorials, conference abstracts, and secondary
studies.

We included studies on text-based, voice-based, and embodied
CAs, defined as conversational interfaces featuring a human-like
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avatar able to mimic the verbal and nonverbal components of
a face-to-face conversation [24]. The eligible studies reported
any health care intervention focused on behavior change to
improve or promote a healthy lifestyle, or to support the
management of physical or mental health conditions. Lastly,
behavior change was an essential aspect of the eligible studies,
with or without reference to an associated behavior change
theory, in line with previous research in this area [25]. The
BCTs were coded according to the BCTTv1 [14]. The taxonomy
consists of 93 BCTs grouped into 16 distinct categories, aimed
at providing a cross-domain template to facilitate research and
intervention replication.

Screening, Data Extraction, and Analysis

Screening
Screening for eligibility was performed in 2 stages. First, 2
researchers (NYWL and WWTG) worked independently to
screen the titles and abstracts of all retrieved studies using
Covidence [26]. Studies were excluded if their focus or study
design did not align with our predefined eligibility criteria.
Studies included in the first round of screening were uploaded
to EndNote X9 (Clarivate), and the full-text papers were
retrieved and screened for eligibility by 3 researchers working
independently (AIJ, NYWL, and WWTG). Discrepancies in
any screening stage were resolved through discussions between
the reviewers, or by engaging a fourth reviewer (LM). The
search and screening processes were documented in a study
selection flowchart [27].

Data Extraction
The data were extracted using a Microsoft Excel (Microsoft
Corporation) form developed by the research team, based on a
data extraction form used in a previous scoping review [2], and
a section on behavior change was added. The form was piloted
in 3 studies and amended according to team members’ feedback
before being used for data extraction. Reviewers worked in pairs
(AIJ worked with LM and NYWL worked with WWTG) to
extract data from 10 papers (20%) and individually for the
remaining 42 papers (80%). Data extracted by all reviewers
were subsequently reexamined by 2 researchers (LM and AIJ).
Reviewers met regularly during this process to ensure a common
understanding of the data extraction process and the concordance
of the extracted data. The data extracted by each pair of
reviewers were compared, and any disagreements were resolved
through consensus or consultation with a third reviewer, acting
as an arbiter.

The data extraction form contained the following items: first
author, year of publication, title of the article, study design,
target disorder, description of the behavior change intervention,
CA name, delivery channel, dialog technique, input and output
modalities, end goal of the intervention, use of behavior change
theories or frameworks, and BCTs mapped according to the
BCTTv1 [14].

Data Analysis
Data were analyzed using descriptive statistics and frequent
itemset mining (FIM) to explore possible BCT clustering [28].
Data were presented in a diagrammatic or tabular form
accompanied by a narrative summary.

Frequent Itemset Mining
The FIM analysis was performed by implementing the Apriori
algorithm using the arules package version 1.7-1 [29] in R
version 4.1.2 (R Foundation for Statistical Computing) [30].
FIM aims to find patterns or associations in a group of items
(itemset) by sorting the items that frequently appear together
in the data set. The analysis starts by calculating support (how
frequently an item appears in the data set) and confidence
(number of times individual items “x” and “y” appear together
in the data set) thresholds and discarding any itemset with
support or confidence values below the predetermined minimum
threshold.

For this analysis, we assessed the 10 most frequently appearing
patterns, for the overall data set and for each clinical domain.
For the overall data set, the minimum threshold for algorithm
support and confidence was set at 0.10 and 0.90, respectively,
or itemset appearing in at least 10% of the data set (≥4 studies)
and appearing together at least 90% of the time. For each clinical
domain, the minimum thresholds were 0.20 for support and 0.90
for confidence to account for the fewer number of studies in
each sub data set [31].

Results

Overview of Search Strategy
The search strategy retrieved 2579 papers after removing
duplicates, of which 349 were eligible for full-text screening.
Among these, 52 papers were finally included in this review.
We reported 47 studies, as 4 studies were reported in 2 papers
each and 1 study included a corrigendum. Figure 1 presents the
study selection process.
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Figure 1. Study selection flowchart. BCT: behavior change technique; CA: conversational agent.

Characteristics of the Included Studies
Multimedia Appendix 3 presents a summary of the studies
included in this review [6,11,32-79]. Over half of the studies
(26/47, 55%) were published from 2019 onward
[11,32,34,37,40,42-46,48-55,58-61,65,66,71,72,76-78],
including 6 published in the first quarter of 2021
[42,46,49,54,55,60]. All papers except 1 [32] were published
in high-income countries, and 24/47 studies (51%) were
published in the United States [6,32,34,36,39,43,45,47,
48,51,52,54,56-58,61-64,67,69-75].

Most studies included a control group except 5/47 (11%)
single-group pretest posttest trials [43,46,55,58,65,66], 3/47
(6%) feasibility studies [59-61], and 1/47 (2%) pilot study [48].

A total of 26/47 studies (55%) were RCTs
[6,11,33,35-37,39-41,44,45,49,50,53,54,62-64,68-75,77,78].
In 36/47 studies (77%), the primary outcomes were associated
with improvement of the target disorder [6,33,36,
38-45,47-59,62-64,67,68,70-75,77-80], 5/47 studies (11%)
reported technical-related primary outcomes (eg, technical
performance, system crashes) [11,60,65,66,69,76], and 6/47
studies (13%) reported primarily user experience outcomes (eg,
engagement with the CA, user satisfaction) [32,34,35,37,46,61].
Most interventions aimed to support treatment or monitoring
(22/47, 47%) [6,33,35-44,46,48-50,53-55,59,60,80] or to
promote healthy lifestyle change (18/47, 38%) [11,32,34,
45,61-66,68-76,78,79]. Table 1 presents a summary of the
included studies.
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Table 1. Characteristics of included studies (N=47).

Studies, n (%)Study characteristics

Year of publication

21 (45)Before 2019

26 (55)2019 or after

Country

24 (51)United States

6 (13)United Kingdom

3 (6)Japan

3 (6)Korea

3 (6)Switzerland

2 (4)Australia

1 (2)France

1 (2)Germany

1 (2)India

1 (2)Netherlands

1 (2)Spain

1 (2)Sweden

Study design

26 (55)Randomized controlled trial

9 (19)Pilot study

5 (11)Single-group pretest posttest trial

5 (11)Feasibility study

1 (2)Microrandomized controlled trials

1 (2)Nonrandomized comparison study

Study outcomes

23 (49)Clinical

12 (26)Clinical; user experience

6 (13)User experience; clinical

3 (6)Technical; clinical

2 (4)Technical; clinical; user experience

1 (2)Clinical; technical

Clinical focus of the interventions

17 (36)Lifestyle behavior change

16 (34)Treatment and monitoring

4 (9)Treatment and monitoring + education

4 (9)Education

3 (6)Education + lifestyle behavior change

2 (4)Treatment and monitoring + lifestyle behavior change

1 (2)Education + treatment and monitoring

1 (2)Lifestyle behavior change + education

Clinical domains

19 (40)Mental health

14 (30)Chronic disorders
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Studies, n (%)Study characteristics

14 (30)Lifestyle modification

Clinical Domains

Mental Health Interventions
Most CAs focused on mental health (19/47, 40%)
[6,32-47,79,80], either supporting mental well-being (5/19,
26%) for healthy individuals [46,47,79,80] or patients recovering
from cancer [33]; enabling self-improvement interventions such
as problem solving [34] or communications skills [35]; or
assisting participants in the management of a mental health
disorder (14/19, 74%) [6,36-46], including depression (with or
without anxiety; 3/19, 16%) [6,36,37], emotional distress (2/19,
11%) [38,39], bipolar disorder [40], panic disorder [41], fear
of heights [42], adult attention deficit disorder [43], substance
use disorder [44], gambling [45], and social exclusion [46].

All except 2 interventions [44,47] included a control group, and
10/19 studies (53%) were RCTs [6,33-37,39,41,45,46]. A total
of 6 studies included an active comparison with another digital
intervention [34,38,39,46], a paper-based version of the CA
intervention [40], or mood monitoring [33]. Besides, 6 studies
provided information about the target disorder
[6,35,37,41,43,48], and 10 experimental interventions (10/17,
59%) were reported as more effective than the comparisons
[6,33-37,39,41,45,46].

Chronic Disorder Management Interventions
A total of 14/47 studies (30%) offered interventions focusing
on a chronic disease other than mental illness [49-63]. Most
studies (4/14, 29%) targeted a metabolic disorder including
obesity (n=1) [63], prediabetes (n=1) [62], or type 2 diabetes
(n=2) [51,56]. Three studies evaluated a pain management
intervention for osteoarthritis (n=2) [57,58] or for general
management of chronic pain (n=1) [54]. Other studies focused
on asthma [61], atrial fibrillation [52,53], HIV [49], hypertension
[50], insomnia [60], irritable bowel syndrome [55], and prostate
cancer [59]. The interventions aimed to support treatment and
monitoring tasks (8/14, 57%) or provide education (4/14, 29%).

Half of the included studies were feasibility or pilot studies,
and 5/14 studies (36%) were RCTs [49,50,53,54,62].
Comparison interventions included a nurse-led instruction
mirroring the CA intervention [50], physical activity monitoring
using a pedometer [63], provision of information [57,58],
treatment as usual [51-53], and waitlist controls [54,55].
Furthermore, 6/14 studies (43%) were single-group interventions
without a comparison group [48,55,58-61]. Only 2 studies
described the experimental interventions as more effective than
the comparisons (2/8, 25%) [51,52,54].

Lifestyle Change Interventions
A total of 14/47 studies (30%) included interventions to support
lifestyle modification [11,64-79], particularly increasing physical
activity (10/14, 71%), either as the sole intervention (n=6)

[64,69,74-77,79] or in combination with another approach such
as diet improvement (n=2) [65-67], or diet improvement plus
stress relief (n=1) [70]. Four studies (4/14, 29%) targeted an
aspect of women’s health including preconception care (n=3)
[71-73,78] and breastfeeding support (n=1) [68]. One study
offered a smoking cessation intervention [11]. In 12 studies,
the interventions aimed to facilitate lifestyle change (12/14,
86%) [11,63-76,78], while 2 studies offered education [67,77].

Among this, 1/14 (7%) study was a single-group pretest-posttest
trial [65,66], while most studies (11/14, 79%) were RCTs
[11,63,64,68-75,77,78]. In 7/13 studies (54%) comparison
interventions consisted of face-to-face versions of the
intervention [74-76], abridged interventions that excluded the
CA [11,64,65,70], or a similar version of the intervention with
differing reward systems [77,79]. Other comparisons included
information-only interventions (3/13, 23%), treatment as usual
(1/13, 8%), or waitlists (2/13, 15%). Most experimental
interventions were reported to be more effective than the
comparisons (9/13, 69%).

Characteristics of CAs
Table 2 summarizes the characteristics of the included CAs.

A total of 39 CAs were included. Six CAs were reported in 2
or more manuscripts. Four CAs (Carmen [74-76], Tanya
[52,53,68], Tess [37,62], and Todaki [41,43]) were reported in
2 papers each, and 2 CAs (Gabby [70-73] and MYLO
[34,38,39]) were reported in 3 manuscripts. Three CAs were
adapted for different target disorders. Embodied CA Tanya was
used as an educational tool for patients with atrial fibrillation
[52,53] and to offer breastfeeding support [68], CA Tess was
used for mental health [37] and diabetes care [62], and Todaki
was used to deliver CBT for panic disorder [41] and to manage
adults with attention deficit disorder [43]. Finally, MYLO was
used in student and older adult [38] populations by 2 distinct
research groups.

The majority of CAs featured 1 or more anthropomorphic
characteristics, such as the assignation of gender, name, or a
human-like display. Most CAs (41/47, 87%) responded to a
name, 27/47 CAs (57%) were presented as female agents, and
20/47 (43%) were embodied CAs. Most CAs used rule-based
algorithms to design the flow of conversations, either by
themselves (35/47, 75%) or complemented with AI (2/47, 4%).
CAs were more often available through a smartphone app
(14/47, 30%) or web page (13/47, 28%). In all but 3 CAs (44/47,
94%), the primary method for users’ inputs was text; 7/47 of
these CAs (15%) also accepted verbal or visual inputs, whereas
3/47 CAs (6%) received only verbal inputs. Almost 80% of all
CAs (36/47, 77%) displayed a “coach-like” personality,
characterized by an encouraging, motivating, and nurturing
conversational style.
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Table 2. Characteristics of CAsa (N=47).

Values, n (%)CA characteristics

Type of CA

20 (43)Embodied CAs

12 (26)No visual representation

10 (21)Human-like cartoon avatar

5 (11)Nonhuman cartoon avatar

Gender

27 (57)Female

16 (34)No gender assigned (no avatar/no human avatar)

2 (4)Male

2 (4)Defined by the user

CA “level of intelligence”

34 (72)Rule-based CAs

9 (19)Artificial intelligence CAs

4 (9)Rule-based + artificial intelligence CAs

Dialog modality

28 (60)Predetermined text

8 (17)Free text

7 (15)Predetermined and free text

4 (9)Not specified

Delivery channel

14 (30)Smartphone app

13 (28)Web based

7 (15)Desktop

6 (13)Messaging apps

6 (13)Two or more delivery channels

1 (2)Tablet computer

Users’ input modalities

37 (79)Text

7 (15)Text + others (voice, images, video)

3 (6)Voice (± video)

CA output modalities

29 (62)Text + others (voice, images, video)

15 (32)Text

3 (6)Voice (± images, video)

CA personality

36 (77)Coach like

9 (19)Health care professional like

2 (4)Not specified

aCA: conversational agent.
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Type of CA and Clinical Domains
Embodied CAs were used to deliver almost two-thirds (9/14,
64%) of the interventions promoting lifestyle modification
[64,65,68-76], 43% (6/14) of the chronic disease management
interventions [49,51-53,59,60,63] and only 26% (5/19) of the
mental health interventions.

By contrast, most mental health CAs did not include an avatar
(8/19, 42%) [34,35,38-40,45,47,81], or they were represented
by a nonhuman avatar (5/19, 26%) [6,33,41,43,44]. Human-like
avatars were present in 1/19 (5%) mental health intervention
[37], 6/14 (43%) chronic disease management interventions
[54,55,57,58,61,62], and 3/14 (21%) lifestyle change
interventions [66,67,77,78].

Behavior Change Theories and Techniques

Behavior Change Theories
A total of 12/47 (26%) studies incorporated a behavior change
theory to guide the CA intervention design, including 4/14
(29%) studies targeting a chronic disorder [51,54,59,61], 7/14

(50%) studies [65,71-76,78,79] evaluating a lifestyle change
intervention, and 1/19 study (5%) [37] on mental health. The
Transtheoretical Model was the most used behavior change
theory, either alone [37,71-73,78] or together with the Social
Cognitive Theory [51,65,74-76]. In addition, 4/19 (21%) mental
health studies and 2/14 (14%) studies targeting a chronic
disorder based their interventions on theories derived from the
behavior [34,38,39], communication [57,58], learning [59], or
psychological domains [33] (Table 3).

The use of theories aimed to guide the design of the intervention
or to monitor participants’ stages of change as they progressed
through the intervention, as exemplified by 3 studies [71-73,78]
using the Transtheoretical Model and 1 study using the Health
Action Process Approach [54]. It was not clear how the use of
theories influenced the intervention design or the choice of
BCTs. For example, 4 studies using the Transtheoretical Model
included a wide variety of BCTs, ranging from 3 [78] to 10
[72,73]. Similarly, 4 studies [51,65,74-76] using the
Transtheoretical Model and the Social Cognitive Theory
incorporated between 6 [51] and 19 [75,76] BCTs.

Table 3. Behavior change theories informing the CAa-based interventions (N=47).

Studies, n (%)Theories guiding CA interventions

29 (62)No theory

11 (23)Behavior change theories

4 (9)Transtheoretical Model

4 (9)Transtheoretical Model + Social Cognitive Theory

1 (2)Theory of Planned Behavior + Self-Determination Theory + Technology

Acceptance theories

1 (2)Health Action Process Approach

1 (2)Habit Formation Model

1 (2)Behavior change theories + other theories

1 (2)Unified Theory of Acceptance and Use of Technology + Cognitive Theory

Multimedia Learning

6 (13)Other theories

3 (6)Perceptual Control Theory

2 (4)Communication Accommodation Theory

1 (2)Stress and Coping Theory + Broaden and Build Theory of Positive Emotion

aCA: conversational agent.

Incorporated BCTs
The experimental interventions incorporated 63 BCTs from 15
categories, whereas the comparison interventions included 32
BCTs from 10 categories. However, only 24 BCTs were
incorporated into experimental interventions in 5 or more
studies, whereas 12 BCTs were reported in only 1 study each.
The most incorporated BCT across interventions was 4.1
“Instruction on how to perform a behavior” (34/47, 72%),
followed by 3.3 “Social support (emotional)” (27/47, 57%) and

1.2 “Problem solving” (24/47, 51%), whereas only 1 study
included a BCT from category 14 (14.4 “Reward
approximation”) in the experimental intervention, and none
included BCTs from category 16 “Covert learning.” Figure 2
shows the frequency of presentation of all 63 BCTs in
experimental and comparison interventions.

The average number of BCTs included in the experimental
interventions was 9 (range 2-21 BCTs). By contrast, comparison
interventions (n=38) included an average of 2 BCTs (range 0-17
BCTs).
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Figure 2. Number of studies using each BCT in the experimental and comparison interventions. BCT: behavior change technique; Int: intervention.

Use of BCTs According to the Clinical Domain
The number of BCTs in experimental interventions was
consistent across all clinical domains. Mental health
interventions included an average of 8 BCTs (range 3-16 BCTs),
chronic disorder management interventions included an average
of 9 BCTs (range 2-18 BCTs), and lifestyle change interventions
included an average of 10 BCTs (range 3-21 BCTs). The number
of BCTs included in comparison interventions varied from an

average of 2 BCTs in chronic disorder management (range 1-3
BCTs) and mental health interventions (range 1-2 BCTs) to a
mean of 6 BCTs (range 1-17 BCTs) in lifestyle change
interventions.

Mental health interventions incorporated 41 BCTs in
experimental interventions. The most common BCTs were 3.3
“Social support (emotional)” (12/19, 63%), 11.2 “Reduce
negative emotions” (11/19, 58%), 4.1 “Instruction on how to
perform a behavior” (9/19, 47%), and BCTs 1.1 “Goal setting

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39243 | p.666https://www.jmir.org/2022/10/e39243
(page number not for citation purposes)

Martinengo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


(behavior),” 1.2 “Problem solving,” 2.2 “Feedback on behavior,”
7.1 “Prompts/cues,” 8.1 “Behavioral practice/rehearsal,” and
8.3 “Habit formation” that were included in 7/19 (37%) studies
each.

Lifestyle change interventions included 46 BCTs. The most
common BCT was 1.2 “Problem solving” (11/14, 79%),
followed by 4.1 “Instruction on how to perform a behavior”
(10/14, 71%) and BCTs 1.1 “Goal setting (behavior),” 1.4
“Action planning,” and 2.3 “Self-monitoring of behavior,”
included in 9/14 (64%) studies each.

Chronic disorder management interventions included a total of
41 BCTs. Almost all studies included BCT 4.1 “Instruction on
how to perform a behavior” (13/14, 93%), followed by 7.1
“Prompts/cues” (8/14, 57%), 3.3 “Social support (emotional)”
(7/14, 50%), and BCTs 1.2 “Problem solving,” 8.1 “Behavioral
practice/rehearsal,” and 8.3 “Habit formation,” all included in
6/14 studies (43%).

Figure 3 presents a summary of the most commonly used BCTs
according to the clinical domain. Multimedia Appendix 4
presents a table summarizing the use of each BCT according to
the clinical domain.

Figure 3. Commonly used BCTs according to the clinical domain. BCT: behavior change technique.

BCT Clustering According to the Clinical Domain Using
FIM
The overall data set (n=47) generated 206 rules with an average
support of 0.12, suggesting that the rules applied to at least 12%
of the data set or about 6 studies. In general, 26% of the studies
included BCTs 4.1 “Instruction on how to perform a behavior”

and 8.1 “Behavioral practice/rehearsal,” whereas 23% of the
studies included BCTs 4.1 “Instruction on how to perform a
behavior,” 7.1 “Prompts/cues,” and 8.3 “Habit formation.”

The mental health domain (n=19) generated 45 rules with an
average support of 0.22. About one-quarter of studies (26%)
included 1 of 3 rules: the first itemset included BCTs 1.5
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“Review behavior goal(s),” 2.2 “Feedback on behavior,” and
3.3 “Social support”; followed by the itemset comprising BCTs
3.3 “Social support” and 12.6 “Body changes”; and the itemset
containing BCTs 3.3 “Social support,” 4.1 “Instruction on how
to perform a behavior,” and 11.2 “Reduce negative emotions.”
Conversely, the lifestyle change domain (n=14) generated 1322
rules with an average support of 0.24. About 64% of the studies
included BCTs 1.2 “Problem solving” and 2.3 “Self-monitoring
of behavior,” whereas 57% of the studies also included BCT
1.1 “Goal-setting (behavior).” Finally, the chronic disorder
management domain (n=14) generated 230 rules with an average
support of 0.23. Most studies (93%) included BCT 4.1
“Instruction on how to perform a behavior,” whereas 57% also
included BCT 7.1 “Prompts/cues.”

Multimedia Appendix 5 presents a table describing the top 10
itemsets for all included papers and each clinical domain.

Use of BCTs According to the CA Type
Interventions delivered by any type of CA included an average
of 9 BCTs. However, the number of BCTs in experimental
interventions varied by type of CA: embodied CAs included
2-19 BCTs, CAs represented by an avatar included 3-14 BCTs,
and CAs with nonspecified or nonvisual representation
incorporated 4-21 BCTs.

Embodied CAs included a total of 49 BCTs in the interventions.
The most common BCTs were 3.3 “Social support (emotional)
(14/20, 70%), and BCTs 1.2 “Problem solving,” 2.3
“Self-monitoring of behavior,” and 4.1 “Instruction on how to
perform a behavior,” which were found in 13/20 (65%) studies
each. By contrast, CAs represented by an avatar included a total
of 38 BCTs in the interventions. The most common BCTs were
4.1 “Instruction on how to perform a behavior” (13/15, 87%),
and BCTs 3.3 “Social support (emotional)” and 7.1
”Prompts/cues” included in 10/15 (67%) studies each. Finally,
CAs with nonspecified or nonvisual representation incorporated
a total of 47 BCTs. Four BCTs (1.2 “Problem solving,” 4.1
“Instruction on how to perform a behavior,” 7.1 ”Prompts/cues,”
and 8.3 “Habit formation”) were included in 6/12 (50%) studies,
and BCT 11.2 “Reduce negative emotions” was included in
5/12 (42%) studies. Multimedia Appendix 6 provides further
information about the use of BCTs according to the type of CA.

Discussion

Principal Findings
This scoping review included 47 studies reporting behavior
change interventions delivered by CAs, targeting chronic
disorders, lifestyle change, and mental health. The interventions
included a total of 63 BCTs, but only 24 were consistently found
in 5 or more interventions. The BCTs represented aspects of
health education (BCT 4.1), self-management (BCTs 1.1, 1.2,
and 2.3), and social support (BCT 3.3). Several behavior change
theories informed the intervention design in 12/47 (26%) studies
of the included studies. However, studies informed by the same
theory employed different sets of BCTs. Our findings align with
previous systematic reviews reporting that similar BCTs were
frequently incorporated into effective lifestyle change
interventions [82], or into digitally delivered interventions [15].

We did not find a relationship between the use of theories, the
type of theory used, and the number and type of BCTs included
in the interventions. Furthermore, a small number of studies
[11,61] guided the intervention design, using modified BCT
taxonomies that addressed smoking cessation [11] and diet
modification [61]. These data suggest that the choice of BCTs
may be primarily determined by the target behavior rather than
the use of a behavior change theory. The impact of using a
behavior change theory is nevertheless unclear. A 2010
systematic review [83] reported that the use of a behavior change
theory was associated with increased effectiveness of the
interventions, although just over 20% of studies included a
theory. Conversely, a systematic review by Van Rhoon et al
[15] reported the use of theories in 16/21 (76%) studies but did
not assess intervention effectiveness. In addition, a recent
overview of systematic reviews [84] reported the use of theories
in the intervention design of 19%-52% of the included studies,
although there was no clear association with the intervention
effectiveness.

The categorization of studies in 3 distinct clinical domains
suggested different prioritizations in mental health, lifestyle
change, and chronic disorders, although the delivery of health
education, evidenced by the frequent occurrence of BCTs 4.1
“Instruction on how to perform a behavior,” 8.1 “Behavioral
practice/rehearsal,” and 8.3 “Habit formation,” was consistent
across all clinical domains.

Mental health interventions frequently included BCTs 3.3
“Social support (emotional)” and 11.2 “Reduce negative
emotions.” Specifically, BCT 3.3 may be associated with the
use of psychotherapeutic techniques such as cognitive behavioral
therapy or motivational interviewing, while the inclusion of
BCT 11.2 suggests the use of relaxation techniques and
mindfulness to support stress management and emotional
regulation. Therefore, behavior change in mental health settings
appeared to be closely interlinked with the therapeutic strategies.
Concurrently, the inclusion of other BCTs, such as instructions
to perform a behavior (BCT 4.1), goal setting (BCT 1.1) and
reviews (BCT 1.5), problem solving (BCT 1.2), and feedback
(BCT 2.2), may be aligned with general principles of patient
participation in decision making [85], as well as highlight the
importance of health education [86,87], particularly relevant in
self-initiated digital interventions.

Lifestyle change interventions frequently included
problem-solving (BCT 1.2) techniques to help users better
understand their barriers to behavior change, and goal setting
(BCT 1.1) and self-monitoring (BCT 2.3) to work toward the
target behavior. These BCTs were often included together and
this may suggest a synergistic relationship. At the same time,
the importance of ensuring adequate health literacy to improve
population outcomes was emphasized by the frequent inclusion
of BCT 4.1 “Instruction on how to perform a behavior.”

Chronic disorder management interventions favored not only
the inclusion of instructional BCTs, such as guidance to perform
a target behavior (BCT 4.1) but also reminders (BCT 7.1
“Prompts/cues”) to facilitate the acquisition of new routines
(BCT 8.3 “Behavioral practice/rehearsal”). Self-management
of chronic illnesses is essential to ensure improved patient
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outcomes and adequate quality of life but requires that
individuals engage in a steep learning curve as they adapt to
living with a long-term condition and develop new habits.

In general, the relationship between the number and type of
BCTs and the effectiveness of the interventions was inconsistent
and appeared to be determined by the clinical domain. Effective
lifestyle change interventions tended to include a higher number
of BCTs, a finding that was not replicated in the other clinical
domains. At the same time, lifestyle change interventions were
comparatively more effective than those in other clinical
domains, particularly chronic disorders. Effective interventions
in the lifestyle change and mental health domains frequently
included BCTs related to goal setting and planning, timely
provision of feedback, health education, and rewards on
completed tasks. Previous studies reported varied results. A
2017 systematic review of 48 studies [82] evaluating the
management of overweight and obesity in adults found small
pooled effect sizes for short- and long-term diet and physical
activity interventions. Effective interventions included a larger
number of BCTs, particularly BCTs encouraging goal setting
and self-monitoring of behavior. Similarly, a systematic review
on the BCTs and technical features of digital interventions for
the prevention of type 2 diabetes [15] found that effective
interventions included a larger number of BCTs or BCTs related
to social support, goal setting, and feedback.

There was an unexpected relationship between the CA types
and the clinical domain, manifested by a predominance of
embodied CAs in lifestyle change interventions, and the use of
nonhuman or nonavatar CAs in mental health interventions.
The reasons for these findings are unclear and beyond the scope
of this review; however, further research may help clarify the
role of avatars, or virtual humans, if any, in delivering behavior
change interventions. Other reviews have reported the use of
embodied CAs to support mental health interventions,
particularly autism [20,24], but methodological differences limit
the comparisons with our findings. Provoost et al’s scoping
review [4] used a broader definition of embodied CA, while a
systematic review by Laranjo et al [87] included only AI-based
CAs.

Strengths and Limitations
This scoping review has several strengths. First, we used a
comprehensive literature search of peer-reviewed and gray
literature that prioritized the sensitivity of the search terms to
capture a broad range of publications reporting the use of CAs
in health care. However, relevant studies may have been omitted.

Second, we included studies reporting on a wide variety of
physical and mental health conditions, and categorized the
studies into 3 distinct clinical domains, revealing differences
in the type of BCTs selected in each domain.

There are also some limitations. First, many studies did not
provide exact BCT codes when describing the interventions,
therefore categorization of BCTs was inferred from the paper’s
description by the research team, based on thorough analysis,
rigorous team discussion, and reviews to establish consensus.
Second, given the descriptive nature of scoping reviews, we
were unable to explore in more depth the relationship between
the choice of BCTs and the effectiveness of the intervention,
or the type of CA used to deliver the intervention.

Future Research and Practice Recommendations
This review has highlighted several areas that warrant further
research. First, reporting guidelines to ensure accurate reporting
of the BCTs included in behavior change interventions according
to standardized taxonomies, such as the BCTTv1 [14], should
be implemented. Such guidelines would facilitate reproducibility
of research, assessment of active intervention components, and
evidence synthesis. Second, further research is needed to
increase our understanding of the impact of behavior change
theories in the design of interventions, the choice of BCTs, and
the effectiveness of the intervention. Third, the impact of CAs
to deliver behavior change interventions should be further
explored, particularly the influence of a conversational interface
on engagement, adherence, and effectiveness of the intervention
when compared with less interactive digital technologies.
Furthermore, comparisons between rule-based CAs and those
incorporating machine learning or natural language processing
should be further investigated. Fourth, the possible role of the
type of CA in delivering behavior change interventions, as
suggested in our findings, should be further explored. Fifth, the
relationship between the ideal combination of BCTs required
to design effective interventions may be evaluated using data
mining techniques such as FIM or multiple correspondent
analysis. Lastly, the relationship between behavior change
interventions and mental health requires further evaluation.

The use of CAs to deliver behavior change interventions appears
promising, particularly to support lifestyle change, although
better reporting of BCTs included in the interventions is
warranted to facilitate analysis of active components, design
more effective interventions, and ensure reproducibility of
research. The role of CA types in delivering behavior change
interventions should be further explored.
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Abstract

Background: With the recent use of IT in health care, a variety of eHealth data are increasingly being collected and stored by
national health agencies. As these eHealth data can advance the modern health care system and make it smarter, many researchers
want to use these data in their studies. However, using eHealth data brings about privacy and security concerns. The analytical
environment that supports health care research must also consider many requirements. For these reasons, countries generally
provide research platforms for health care, but some data providers (eg, patients) are still concerned about the security and privacy
of their eHealth data. Thus, a more secure platform for health care research that guarantees the utility of eHealth data while
focusing on its security and privacy is needed.

Objective: This study aims to implement a research platform for health care called the health care big data platform (HBDP),
which is more secure than previous health care research platforms. The HBDP uses attribute-based encryption to achieve
fine-grained access control and encryption of stored eHealth data in an open environment. Moreover, in the HBDP, platform
administrators can perform the appropriate follow-up (eg, block illegal users) and monitoring through a private blockchain. In
other words, the HBDP supports accountability in access control.

Methods: We first identified potential security threats in the health care domain. We then defined the security requirements to
minimize the identified threats. In particular, the requirements were defined based on the security solutions used in existing health
care research platforms. We then proposed the HBDP, which meets defined security requirements (ie, access control, encryption
of stored eHealth data, and accountability). Finally, we implemented the HBDP to prove its feasibility.

Results: This study carried out case studies for illegal user detection via the implemented HBDP based on specific scenarios
related to the threats. As a result, the platform detected illegal users appropriately via the security agent. Furthermore, in the
empirical evaluation of massive data encryption (eg, 100,000 rows with 3 sensitive columns within 46 columns) for column-level
encryption, full encryption after column-level encryption, and full decryption including column-level decryption, our approach
achieved approximately 3 minutes, 1 minute, and 9 minutes, respectively. In the blockchain, average latencies and throughputs
in 1Org with 2Peers reached approximately 18 seconds and 49 transactions per second (TPS) in read mode and approximately 4
seconds and 120 TPS in write mode in 300 TPS.

Conclusions: The HBDP enables fine-grained access control and secure storage of eHealth data via attribute-based encryption
cryptography. It also provides nonrepudiation and accountability through the blockchain. Therefore, we consider that our proposal
provides a sufficiently secure environment for the use of eHealth data in health care research.

(J Med Internet Res 2022;24(10):e37978)   doi:10.2196/37978

KEYWORDS

blockchain; attribute-based encryption; eHealth data; security; privacy; cloud computing; research platform for health care;
accountability; Internet of Things; interoperability; mobile phone
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Introduction

Background
The development of modern technologies such as the Internet
of Things (IoT), cloud computing, big data, and blockchain
affects many aspects of human life. Primarily, these technologies
have introduced changes in health care. The quality of health
care services and operations has also improved because of the
digitization of the health care system. Furthermore, with the
advancement in sensors, the eHealth data generated by IoT
devices for health care are increasingly being collected by health
facilities and national health agencies. These eHealth data
generally include electronic medical records (EMRs) and
personal health records (PHRs), which contain a considerable
amount of personal information such as any disease a patient
may have and the patient’s medical record number. Thus, some
eHealth data subjects have expressed security and privacy
concerns related to the use of eHealth data. For this reason, the
use of eHealth data is currently governed by many legal
regulations, including the Health Insurance Portability and
Accountability Act [1], General Data Protection Regulation
(GDPR) [2], and California Consumer Privacy Act [3].
However, the security of eHealth data has frequently been
breached, and the number of cyberattacks launched to hijack
eHealth data intended for health care services is on the rise [4].

Nevertheless, using eHealth data for health care research has
many advantages (eg, improving treatment and prescriptions
for patients, increasing the efficiency of health care systems,
and expanding knowledge of diseases), so many researchers
hope to use them for their studies [5]. However, the
interoperability, utility, and data linkage of eHealth data as well
as privacy laws (eg, Health Insurance Portability and
Accountability Act, GDPR, and California Consumer Privacy
Act) and analytics tools must be considered when a research
platform for health care is built. Furthermore, security and
privacy measures (eg, anonymization and access control) for
an open research environment for eHealth data are needed, and
many privacy laws must be complied with. Owing to these
complex requirements, most research platforms for health care
development are being led by national governments. For
example, as depicted in Figure 1, the Ministry of Health and
Welfare of South Korea [6] operates a closed network–based
analysis center that supports a research environment for
analyzing eHealth data. However, researchers must visit the
analysis center as they are not able to connect to it remotely or
on the web. Not only is this analysis center inconvenient to visit,
but it also presents a challenge to efficiently analyzing eHealth

data as programming errors can only be corrected via books
because of the closed nature of the network. Moreover, the
eHealth data requested by the researchers are immediately
deleted after use, which reduces the utility of the data.

The National Health Service (NHS) in England also offers
eHealth data to researchers and clinicians through a Data Access
Request Service (DARS) [7]. The NHS DARS provides various
analytical tools such as Databricks, R Studio, and Hue in the
data access environment, and it does not require the researcher
to visit the research analysis center, unlike the center in South
Korea. The NHS DARS also provides many security solutions
(eg, 2-factor authentication, data-sharing audits, and
anonymization) to ensure the security and privacy of eHealth
data. Furthermore, the Swiss Personalized Health Network
offers a secure infrastructure for the exchange and use of eHealth
data for research [8]. In the Swiss Personalized Health Network,
eHealth data can be accessed only from reliable hospitals and
universities or the virtual private network, which are
environments. Researchers must take the web-based ethics
training and are required to complete 2-factor authentication.
However, data subjects (ie, patients) are still concerned about
unauthorized data reuse and sharing, and they hope to be
involved in eHealth data access decisions [9]. In addition, even
if eHealth data are deidentified and anonymized, reidentification
is still possible via other big data [10,11]. In other words, studies
on health care research platforms are needed to provide a more
secure analytical environment in light of the apprehension of
data subjects regarding the security and privacy of their eHealth
data.

Therefore, we propose a secure research platform for health
care, referred to as the health care big data platform (HBDP).
In this study, we considered only a secure and open research
environment, although a research platform for health care has
many requirements. The HBDP uses a private blockchain to
provide a decentralized persistent log database (DB) in which
user activities on the platform are recorded with a time stamp
by a smart contract. This helps the platform administrator
conduct the appropriate follow-up and monitoring of security
threats. Furthermore, the HBDP uses attribute-based encryption
(ABE) to ensure the security and privacy of eHealth data and
prevent eHealth data leakage by insiders. To the best of our
knowledge, this is the first study on a secure research platform
that is focused on accountability to secure the use of eHealth
data in an open environment based on blockchain and ABE.
The main contributions of this study are summarized in Textbox
1.
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Figure 1. Access procedure for analyzing eHealth data in South Korea.

Textbox 1. Main contributions of this study.

Main contributions

• We propose the health care big data platform (HBDP), which supports the accountability, access control, and encryption of stored eHealth data
using attribute-based encryption and a private blockchain in an open environment. In particular, we focused on accountability in access control.
We also analyzed previous research platforms for health care from a security perspective.

• For accountability in access control, a smart contract is designed to record in real time the success or failure of user activities (eg, log-in and use
of eHealth data) on the HBDP. In particular, the contract enables user monitoring and illegal user detection in the HBDP anytime.

• To prove and demonstrate the feasibility of the HBDP, we implemented a framework for the HBDP using Hyperledger Fabric (The Linux
Foundation) [12], OpenABE library (Zeutro) [13], and OpenStack (Open Infrastructure Foundation) [14], and we evaluated its security by using
case studies on the detection of illegal users.

Prior Work

Overview
To analyze prior work, we first collected and analyzed
well-known health care standards for the interoperability of
eHealth data. After analyzing the standards, we searched existing
health care studies related to the blockchain using the terms
“blockchain” AND “access OR data sharing OR access control”
AND “healthcare” for literature review in IEEE Xplore, Wiley
Online Library, ScienceDirect, and MDPI. The results identified
501 papers in IEEE Xplore, 943 articles in the Wiley Online
Library, 2599 articles in ScienceDirect, and 24,219 articles in
MDPI. To select suitable studies, we added some filters (ie,
published from 2018 to 2022 and cited by ≥5 journals) based
on these results. We also reviewed the abstracts and titles of the
papers. On the basis of these works, we finally selected 9 papers
(ie, IEEE Xplore: n=4, 44%; Wiley Online Library: n=2, 22%;
ScienceDirect: n=2, 22%; and MDPI: n=1, 11%).

Furthermore, we searched health care research platforms from
2015 to 2022 using the terms “healthcare research platform”
and “clinical research platform” in Google Scholar. The results
showed approximately 849,000 and 1,480,000 papers for each
keyword, respectively. To identify suitable studies, we also
reviewed the abstracts and titles. In particular, we examined the
security solutions in each study and finally selected 6 papers.
This section analyzes the identified studies via these processes
in detail.

Standards for Interoperability of eHealth Data
For a long time, eHealth data have been limited to being shared
and accessed between health care providers owing to
interoperability issues such as differences in representation (eg,
vocabularies and terminologies), equipment, and data formats.
These issues currently make it difficult for health care providers
to ensure continuity of care for patients or analyze eHealth data
in health care. Therefore, many health care organizations are
publishing interoperability standards for eHealth data in health
care. Clinical Document Architecture (CDA) [15] is an
XML-based markup standard for clinical document exchange
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designed by Health Level 7 (HL7). CDA prescribes the structure
and semantics of clinical documents for interaction between
health care systems. The central aspect of CDA is easily
exchanging clinical documents and making them readable.
However, CDA-based documentation has the disadvantage of
making it complex and difficult. For this reason, CDA has been
extended to Consolidated CDA with improved complexity and
interoperability. Fast Healthcare Interoperability Resources
(FHIR) [16] is a standard to ensure the interoperability of health
care systems or services also developed by HL7. The FHIR
improved the limitations of the previously developed HL7
versions 2 and 3 (eg, implementation complexity and structured
data model) to make the exchange of medical information easier.
Furthermore, it was developed based on the representational
state transfer architecture, so it is easy to implement health care
services for mobile phones, wearable devices, and tablet devices
beyond computers. Thus, the FHIR is currently one of the most
popular standards for the interoperability of eHealth data in
health care. The Observational Medical Outcomes Partnership
(OMOP) Common Data Model (CDM) [17] is an open
community standard for the eHealth data model managed by
Observational Health Data Sciences and Informatics. The
OMOP CDM solves the interoperability issues of eHealth by
structuring the data model and the content of observational data.
The OMOP CDM structures eHealth data to provide a common
data model and converts them into a common representation
through the OMOP to provide the common physical and logical
interoperability model. When a health care DB is designed via
the OMOP CDM, it can use standardized analysis tools and
help analyze eHealth data systematically. It also increases the
efficiency of joint research. Digital Imaging and
Communications in Medicine (DICOM) [18] is a data format
standard for the interoperability of medical imaging such as
magnetic resonance imaging, computed tomography, and x-rays.
DICOM has defined the format of medical imaging so that
medical images captured by various imaging devices can be
transmitted and exchanged. DICOM is generally stored,
processed, and transmitted via the picture archiving and
communication system and is the best known today in health
care. Cross-Enterprise Document Sharing (XDS) [19] is an
integrated profile for eHealth data developed by Integrating the
Healthcare Enterprise in 2004. In particular, XDS can share
various standard-based clinical documents such as the HL7
CDA, general strings, and binary data. In other words, XDS
represents a comprehensive and universal technology. In
addition to the aforementioned standards, various standards are
being established for the interoperability of eHealth data by
many health care organizations. We consider that these standards
do not provide perfect interoperability of eHealth data but can
still be addressed in the near future. Thus, the interoperability
of eHealth data is the main requirement in the research platform
for health care, but it is not the main focus of this study.

Secure eHealth Data Sharing via Blockchain
The blockchain has many advantages (eg, data integrity,
decentralization, and programmable smart contract), so many
research areas have been trying to use it. In particular, the
blockchain has been widely used to address the integrity,
scalability, and sharing of eHealth data. However, in addition,

eHealth data require security mechanisms such as access control,
cryptography, and authentication owing to privacy and security
issues. For this reason, many studies generally use these security
mechanisms with the blockchain. Table 1 shows the strengths
and weaknesses of these studies and the HBDP. Yang et al [20]
proposed an architecture that can use blockchain in the existing
health care system. The architecture has recorded all accesses,
such as select, insert, and delete, using two smart contracts (ie,
summary contract and record relationship contract) to ensure
the integrity of data records. The architecture also performs
access control via an access control list. Madine et al [21]
proposed a blockchain-based, patient-centric PHR management
system. The system uses trusted oracles that perform proxy
re-encryption to share the PHRs securely. Furthermore, the
system uses a reputation system to track an oracle’s behavior
and give a rating score to identify the misbehaving oracles.
Thus, the system lets them fetch, store securely, and share
medical data. Zhang et al [22] presented the architecture for
sharing clinical data based on blockchain. The architecture used
the FHIR standard and blockchain to solve clinical data
interoperability and is called FHIRChain. The FHIRChain helps
enable collaborative clinical decision-making among physicians.
It also allows for the sharing of clinical data in a trustless and
decentralized environment and for auditing through the smart
contract. Shahnaz et al [23] designed the role-based access
control (RBAC) framework for EMRs using smart contracts.
They focused on solving the scalability problem of blockchain
via the off-chain scaling mechanism.

Tanwar et al [24] proposed a permission-based system
architecture that could share eHealth data using blockchain. In
this architecture, patients can join the blockchain network
through the client application and update their eHealth data on
the blockchain network via chain code. They can also grant or
revoke permission to clinicians and researchers for their eHealth
data. In conclusion, the architecture achieves patient-centric
eHealth data sharing. Figueroa et al [25] used attribute-based
access control for the security of a radio frequency identification
system for health care. They focused on solving system
problems such as scalability, synchronization, and single point
of failure using blockchain. Ultimately, the system offers access
control to use the medical assets from a suitable location.
Daraghmi et al [26] designed a blockchain-based EMR
management system called MedChain. They improved the block
time and system performance using proof of authority. They
also used time-based smart contracts for the privacy and
monitoring of EMRs. In brief, they provided a secure
environment, data integrity, auditability, and accessibility using
authentication techniques, hash function, and proxy
re-encryption. Kaur et al [27] proposed blockchain-based storage
for securely sharing and querying eHealth data. The storage
uses CouchDB considering the unstructured eHealth data. It
also stores EMRs in the off-chain and hash of EMRs on the
blockchain to ensure the integrity of EMRs and improve the
efficiency of storage. Guo et al [28] proposed the multi-authority
ABE scheme for cloud-based telemedicine systems. In
particular, the scheme protects the integrity of eHealth data (eg,
diagnostic opinions) using the blockchain. Furthermore, the
scheme updates and revokes the access policy easily.
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Most studies [20-28] only focused on blockchain for secure
sharing and ensuring the integrity of eHealth data among
hospitals. They generally mentioned traceability and
accountability via the blockchain, but they did not represent
methods for monitoring and accountability. However, these
methods should be presented to ensure a secure environment.
In particular, accountability is essential in a health care research
platform in open environments. For these reasons, unlike other

studies, the HBDP focused on the description of the detection
method based on the blockchain to ensure accountability. In
addition, in the HBDP, even if eHealth data are exported, the
data are not ensured usability as they can only be decrypted and
used in the HBDP. As mentioned previously, this study is the
first to focus on accountability to use eHealth data in an open
environment securely.

Table 1. Strengths and weaknesses of blockchain-based studies and the health care big data platform (HBDP).

WeaknessStrengthSecurity solutionsSystem nameStudies

—aYang et al [20] ••• The proposed architecture only
focused on reading health
records and did not discuss
sharing of health records.

Interoperability among existing health
care systems

Encryption
• Access control

—Madine et al [21] ••• Not useful for an emergency
where the patient is not able to
delegate permission

A patient-centric PHRb management
system is proposed.

Encryption
• Blockchain

FHIRChainZhang et al [22] ••• The architecture only presented
the possibility of health data
tracking.

No SPoFc problem and fine-grained
access control

Audit
• Access control

—Shahnaz et al
[23]

••• The proposed architecture re-
quires transaction costs and
fees for access control.

The proposed architecture solves the
scalability problem of blockchain via
off-chain scaling.

Access control

—Tanwar et al [24] ••• Lack of flexible and fine-
grained access control

A patient-centric eHealth data sharing
is achieved.

Access control

—Figueroa et al
[25]

••• The architecture requires
transaction costs and fees for
access control.

No SPoF problem and fine-grained
access control

Access control

MedChainDaraghmi et al
[26]

••• No detailed description of the
implementation of the pro-

posed system using the PoAd

Efficient consensus mechanism and
ensuring privacy via time-based smart
contracts

Encryption
• Authentication

—Kaur et al [27] ••• Not useful for an emergency
where the patient is not able to
delegate permission

Sharing of unstructured eHealth data
and off-chain storage

Authorization

—Guo et al [28] ••• The specific method is not
presented to ensure the trace-
ability of the schema.

The ABEe scheme is proposed as suit-
able for the distributed telemedicine
system.

Encryption
• Access control

HBDPOurs ••• The platform focuses only on

3 SRsf.

The detailed methods for accountabili-
ty in access control are proposed.

Encryption
• Audit
• Access control

aNot presented.
bPHR: personal health record.
cSPoF: single point of failure.
dPoA: proof of authority.
eABE: attribute-based encryption.
fSR: security requirement.

Health Care Research Platforms
The use of eHealth data in health care research can
fundamentally improve health care owing to the rapid
development of big data analytical technologies. For this reason,

several studies have proposed health care research platforms
that can be used for research using eHealth data. In this section,
we review the literature with a focus on the security perspective
of these research platforms. Ozaydin et al [29] proposed the
design of a data warehouse, which is a Healthcare Research and
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Analytics Data Infrastructure Solution (HRADIS). The HRADIS
focuses on infrastructure for integrating disparate eHealth data
to improve the efficiency of health care. The HRADIS includes
an account management framework for RBAC for some eHealth
data. Lunn et al [30] proposed a cloud-based digital health
research platform for a national longitudinal cohort study. The
platform collects and manages eHealth data of sexual and gender
minority adults. In this platform, all microservices are within
the subnet using virtual private cloud, and eHealth data at rest
are stored in the MySQL DB securely after encryption.
Furthermore, the platform uses open authorization for
programming interfaces, SMS text message–based 2-factor
authentication, and logging services to identify malicious users
and ensure the security of eHealth data. Ashfaq et al [31]
described the regional health care information platform in
Halland, Sweden. The platform basically operates within
Swedish regulations and the GDPR regarding patient data. On
the platform, eHealth data can only be accessed through internal
clients secured in the regional IT firewalls. The client can only
use related researchers in the approved health care project via
the ethical review board in Sweden. In particular, the platform
provides anonymized eHealth data to ensure privacy. Conde et
al [32] presented an open source–based research platform to
support clinical and translational studies, ITCBio. The ITCBio
platform supports role and access management tools to promote
research collaboration and ensure security. It also provides
dynamic consent, which enables ongoing and flexible
communication between patients and researchers. De Moor et
al [33] described a scalable and adaptable platform for the
interoperability of eHealth data systems and clinical research
systems. They also presented the security architecture based on
many security-related standards in detail. In particular, this
architecture supports various security solutions such as identity
management and credential delegation. Jones et al [34] proposed
the Secure Anonymised Information Linkage databank, which
is ensured physical, technical, and procedural control. The
Secure Anonymised Information Linkage databank provides
encrypted communication and prevents eHealth data from being
transferred outside the user’s devices. It also performs user
authentication via user credentials and 2-factor authentication
tokens.

Several studies [29-34] have proposed health care research
platforms for using eHealth data. However, most studies have

focused on an efficient research environment. Some studies also
did not describe security solutions in detail despite the security
and privacy of eHealth data being major considerations in health
care research platforms. Moreover, as mentioned previously in
the Background section, eHealth data subjects are still concerned
about the security and privacy of eHealth data. Thus, a study is
necessary for a more secure platform for health care research
that guarantees the usability of eHealth data while focusing on
its security and privacy. The next section proposes a secure and
expandable collaborative research platform for health care called
the HBDP.

Methods

Overview
This study designed a secure and open environment for health
care research. To accomplish this, we first identify potential
security threats on a health care research platform. Second, we
propose security requirements (SRs) for a secure health care
research platform based on these threats. Finally, we present a
secure collaborative research platform for health care called the
HBDP that can provide a secure analysis environment while
meeting these requirements.

Security Threats and Requirements on a Health Care
Research Platform

Overview
A health care research platform should properly understand and
mitigate security threats to provide a secure analytical
environment. This subsection first identifies potential security
threats of health care research platforms. We then define the
SRs for mitigating these threats.

Security Threats
Various security threats, such as the abuse and illegal export of
eHealth data, can arise on a health care research platform.
However, we identified well-known security threats in the health
care domain as threats to the health care research platform. In
other words, many threats can occur on the platform, but we
explicitly focused on threats that can occur frequently. A
detailed description of the leading security threats is outlined
in Textbox 2.

Textbox 2. Leading security threats on a health care research platform.

Leading security threats

• Unauthenticated users: on a health care research platform, unauthenticated users attempt an attack to obtain the authenticated user’s credentials
[35-37]. In addition, attackers can invalidate the authentication factor to access eHealth data [38]. Hence, a health care research platform must
ensure, through user authentication, that only authenticated users have access.

• Unauthorized users: a health care research platform must ensure that only approved eHealth data are available to authorized users through
appropriate authorization mechanisms [38,39]. Moreover, the abuse and illegal sharing of eHealth data can occur on a health care research
platform even by authorized users. Therefore, a health care research platform also requires a security solution that audits for these activities.

• Leaks of eHealth data by insiders: the greatest security threat for a health care research platform is a breach of eHealth data by insiders [35-37,40].
A prime example of an insider is the eHealth data administrator of the health care research platform. The administrator can easily leak eHealth
data as they have general authorization over them. Furthermore, insiders are difficult to detect as they are defined as suitable users within the
health care research platform. For these reasons, even if eHealth data on a platform are illegally leaked, the utility of leaked data must not be
ensured.
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SRs for Mitigating These Threats
A collaborative health care research platform in an open
environment should satisfy the diverse SRs that mitigate many
types of security threats. However, in this study, we only focused

on 3 SRs, which are highly related to accountability in access
control for a secure health care research platform based on the
aforementioned identified threats. The detailed descriptions of
the SRs are outlined in Textbox 3.

Textbox 3. Security requirements (SRs) for mitigating security threats.

SRs for threat mitigation

• SR 1 (access control): access control is a framework that includes authentication and authorization, which is the primary SR and the most important
consideration for a health care research platform. It must be performed on this platform so that only authenticated and authorized users can use
eHealth data via appropriate devices. For this reason, many existing health care research platforms provide authentication or authorization using
various methods [29-34].

• SR 2 (encryption of stored eHealth data): on a health care research platform, the encryption of stored eHealth data ensures the security and privacy
of eHealth data when the data are not being used [30,34]. In addition, even if eHealth data are leaked, the data should not be useful. Hence, the
encryption of stored eHealth data is one of the most important SRs.

• SR 3 (accountability): when the authenticated and authorized user exports or uses eHealth data via the research platform for health care, the
platform administrator or eHealth data provider needs to be able to track and search all the user’s activities on the platform at any time. In addition,
the platform administrator must identify illegal users and conduct the appropriate follow-up or monitoring in the event of security issues. For
these reasons, some health care research platforms provide logging systems or services [30,34].

• Other SRs: the collaborative research platform in an open environment should satisfy various other SRs. For example, anonymization and
deidentification are needed for the privacy of eHealth data as the data are sensitive and private [31,32,34]. Secure communication is also necessary
to prevent sniffing and tampering with eHealth data and network packets [30,31,34]. In addition, more SRs for the integrity and availability of
eHealth data are required [41]. However, as mentioned previously, we focused on the three SRs (ie, access control, encryption of stored eHealth
data, and accountability) to support accountability in access control.

Proposed HBDP

Overview
The HBDP uses ABE for the privacy and access control of
eHealth data. In particular, the privacy of eHealth data is ensured
through column-level encryption even if insiders leak the data.
The platform also uses a smart contract to record user activities
(eg, log-in and decryption) in the blockchain. Thus, the
blockchain allows platform administrators to identify illegal
users and conduct appropriate follow-up and monitoring. In
other words, the blockchain operates as a distributed logging

system in real time and ensures the integrity and nonrepudiation
of recorded user activities. In this section, to present the HBDP,
we first explain the assumptions and main components in a
framework. We then describe the phases of the HBDP in detail.

Assumptions
To describe a framework and scenarios of HBDP, we first define
some assumptions. In particular, we present assumptions about
other SRs (eg, secure communication, deidentification, integrity,
and availability) that the HBDP does not cover. The detailed
assumptions are outlined in Textbox 4.

Textbox 4. Assumptions about other security requirements.

Assumptions

• As eHealth data contain a considerable amount of personally identifiable information, they are generally provided to users after deidentification
and anonymization on the platform. Data linkage is also performed to increase the usability of eHealth data before they are provided to users.
However, this study did not cover deidentification, anonymization, and data linkage. Thus, all the eHealth data on the platform are assumed to
be deidentified and linked via trusted third-party organizations. In addition, eHealth data are assumed to be provided by institutions registered
on the platform.

• This study did not cover secure communication between the health care big data platform (HBDP) and the users. Therefore, we assume that the
HBDP is securely communicating with its users by using transport layer security protocol–based communication, which is used for secure
communication on the internet and across networks. This assumption also holds for communication on the blockchain network.

• Users are assumed to be researchers or physicians with a specific institution that is registered on the HBDP. Thus, they do not need to prove that
they are researchers or physicians affiliated with the institution when they register on the platform, but authentication and authorization for access
to eHealth data for users are performed on the platform. Furthermore, we also assume that the HBDP provides a variety of analytical tools and
methods for researchers to efficiently analyze eHealth data and that the user analysis process is recorded on the distributed ledger, including the
analytical tools used.

Main Components
We present a secure collaborative platform for health care
research that ensures the privacy and security of eHealth data,
called the HBDP. Figure 2 shows a brief overview of our

proposed framework for the HBDP. Our proposed framework
has 3 main components: users, the HBDP, and the blockchain
network. A detailed description of the main components is
outlined in Textbox 5.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37978 | p.682https://www.jmir.org/2022/10/e37978
(page number not for citation purposes)

Kang & KimJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Overview of our proposed framework for the health care big data platform.

Textbox 5. Main components of our proposed framework.

Framework components

• Users: physicians and researchers who analyze and use eHealth data to treat patients or use them for health care research are representative of
this group. They should be required to have a device such as a smartphone or a fingerprint scanner with a GPS for authentication and access
control on the platform.

• Health care big data platform (HBDP): the HBDP keeps eHealth data secure and provides an environment where users can use and analyze the
data. The platform consists of a security agent and databases (DBs) in a cloud computing environment. DBs are configured as eHealth DBs and
user DBs. The eHealth data DB stores eHealth data. The user DB stores user information such as the user ID, hashed password, and user attributes
(eg, user department and position). The security agent is a key component of the platform. It performs encryption and decryption of eHealth data
using attribute-based encryption. It also requests, as a blockchain client, the blockchain network to record or obtain user activities.

• Blockchain network: the blockchain network consists of a single smart contract, a distributed ledger, and peers. The transactions recorded on the
blockchain network are immutable unless the ledgers of all peers are modified. For this reason, the blockchain can be used as a distributed logging
system that provides strong accountability, so we use the blockchain network for the tracking of user activities on the HBDP. More specifically,
the blockchain communicates with the security agents on the HBDP and helps ensure the accountability and nonrepudiation of the platform.
Peers are health facilities and research institutes registered on the platform. They can be endorsing peers or committing peers depending on their
system performance. The smart contracts record user activities with time stamps on the distributed ledger, which helps the distributed ledger in
the blockchain act as logs for the HBDP.

Phases of the HBDP

Overview

To support secure analytical environments, the HBDP has 4
phases (ie, user registration, storage, download, and use). Each
phase is configured to satisfy our defined SRs (ie, the user
registration and download phases meet the access control
requirement, the storage phase meets the encryption of stored
eHealth data requirement, and the use phase achieves
accountability). A detailed description of each phase is provided
in the following sections.

User Registration Phase

The user registration phase is the first operation for
authentication in “access control,” which is one of the SRs of

a health care research platform. This phase is stored with the
user ID and attributes in the user DB on the HBDP. Figure 3
shows a sequence of the user registration phase; the details are
described in this section. The user accesses the HBDP and enters
the user ID, password, and attributes (eg, the user’s department
and position). At this time, we assume that this user is authorized
by an institution participating in the HBDP. The security agent
on this platform then inserts the entered user information into
the user DB. The security agent requests device enrollment from
the user with the registration result. The user accesses the
platform using their device and enters the registered ID,
password, and device identifier. The user device then requests
the security agent to enroll it along with the entered ID and
password. The security agent performs password-based
authentication using the received ID and password. If this
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authentication is successful, the device ID value is inserted into
the user DB, and the security agent relays the result of the device

enrollment to the device. After that, the user can access the
HBDP at any time.

Figure 3. User registration phase.

Storage Phase

Attempts to leak eHealth data stored by the HBDP may
frequently occur. Even if eHealth data are inevitably leaked in
these attempts, the nonusability of the data should be ensured.
For this reason, in the storage phase, as shown in Figure 4, the
security agent encrypts eHealth data using the locations of
institutions registered on the platform before storing the eHealth
data on the platform.

In particular, some columns are sensitive columns that provide
usability for researchers during the analysis of eHealth data or

can be combined with other big data to identify individuals.
The storage phase is the operation that ensures the “encryption
of stored eHealth data,” which is one of the SRs for health care
research platforms. This phase ensures that, even if eHealth data
are illegally shared or leaked by the administrator or a malicious
attacker on the platform, their usability is not ensured because
of column-level encryption. Moreover, column-level encryption
allows users to use decrypted eHealth data only at their
institutions as the decryption of eHealth data fails if the user’s
real-time location does not match the user’s institution.

Figure 4. Storage phase.

Download Phase

The download phase is the prerequisite for the authorization
process in the “access control” for the SRs of the health care
research platform. This phase encrypts all contents of
column-level–encrypted eHealth data via user attributes (eg,

user position and department) to enable the user to download
eHealth data. Therefore, the data provided during the download
phase are encrypted, so they are impossible to analyze even if
a third party obtains them. The download phase is not an
essential phase but can increase the efficiency when
collaborative research is conducted. For example, if all
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collaborative researchers are authorized on the platform, the
researcher sends eHealth data after the first analysis to another
researcher for collaboration. Another researcher can then
proceed with further work based on the analyzed eHealth data
on the platform. Figure 5 shows the download phase on the
platform. A detailed description of the download phase is
provided in the following paragraph.

The user first logs into the HBDP and selects the eHealth data
on the download page. The security agent on the platform then
sends a query for the eHealth data requested by the user to the

eHealth data DB. The eHealth data DB provides
column-level–encrypted eHealth data to the security agent. After
that, the security agent requests user information, such as the
user’s attributes and ID, from the user DB. The user DB provides
the requested user information to the security agent. The security
agent encrypts the column-level–encrypted eHealth data one
more time using the provided user information and offers the
full encrypted eHealth data. The eHealth data provided during
the download phase are encrypted, so they are impossible to
analyze even if a third party obtains them.

Figure 5. Download phase.

Use Phase

The use phase performs “access control,” which is one of the
SRs for the health care research platform. This phase also
ensures “accountability” as the use activity of the user on the
platform is recorded with a time stamp in the distributed ledger.
Figure 6 shows the sequence of the use phase; the details are
described in the following paragraphs.

The user logs into the HBDP (ie, password-based authentication)
and uploads encrypted eHealth data. The security agent on the
platform then requests user and device information from the
user DB for decryption and fingerprint authentication. The user
DB provides the security agent with the user attributes and user
device ID. The security agent uses the device ID value to request
fingerprint authentication and real-time location from the user
device. The user enters a fingerprint via the enrolled device on
the platform for second user authentication. If the user succeeds
in fingerprint authentication, the device sends a real-time GPS
location to the security agent. The security agent decrypts the
eHealth data uploaded by the user using the location and user
attributes. In particular, at this time, full decryption is performed
on encrypted rows, and column-level decryption is then
performed on column-level–encrypted columns (ie, sensitive
columns). After the decryption of the eHealth data, the security
agent requests the blockchain peer to record the decryption
result with a time stamp in the blockchain. Blockchain peers
execute a smart contract to record the decryption result on the

distributed ledger, and the smart contract inserts the decryption
result on the distributed ledger. When the decryption result is
recorded in the distributed ledger, the smart contract returns the
execution result to the blockchain peers. The blockchain peers
send the received execution result to the security agent. Finally,
the security agent provides the decrypted eHealth data to the
user, and the user is able to use the data only on the platform.
In conclusion, for the user to use eHealth data on the HBDP,
the data must be decrypted on the platform.

Algorithms 1 and 2 are a pseudocode of the security agent.
Algorithms are composed of password-based authentication
and decryption of the eHealth data along with the detection of
illegal users. In particular, algorithm 1 (Figure 7) first checks
whether the user’s ID is locked; if the user’s ID is not locked,
it authenticates the user’s credentials. The security agent then
requests to record the result of the user log-in activity in the
blockchain.

By contrast, algorithm 2 (Figure 8) first performs
fingerprint-based authentication for the user’s real-time location.
After that, the security agent decrypts the data using the created
policy via user information, including the location. Finally, the
security agent requests to record the result of the use activity
of the user in the blockchain. In particular, before recording the
result from the procedure, the security agent checks the
distributed ledger for the most recent consecutive failed
activities in the previous records.
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Figure 6. Use phase.

Figure 7. Algorithm 1: pseudocode of authentication for the security agent.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e37978 | p.686https://www.jmir.org/2022/10/e37978
(page number not for citation purposes)

Kang & KimJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 8. Algorithm 2: pseudocode of use for the security agent.

Implementation
To demonstrate and prove the feasibility of the HBDP, we
implemented the main components of a framework based on
the software development life cycle. The software development
life cycle is generally configured as requirement analysis,
design, implementation, testing, and evolution steps. Following
these steps, we first identified SRs (see the SRs in the Security
Threats and Requirements on a Health Care Research Platform
section). Second, the components were designed based on 3
identified SRs (ie, access control, encryption of stored eHealth
data, and accountability). Third, we implemented these
components. Textbox 6 shows the specifications for the
configuration and implementation environment in detail. We
configured the blockchain network for detecting illegal users
and a cloud environment to create a scalable, collaborative, and
secure environment in the HBDP. In particular, we built the
cloud environment using OpenStack (Open Infrastructure
Foundation), an open-source cloud operating system, and then
developed a web server using the Python-based Flask framework
(Python Software Foundation) [42]. We also developed an

Android app for user authentication, the security agent for
detecting illegal users and monitoring, and a chain code to record
and manage user activities. Fourth, the components are tested
using a security analysis of the HBDP via case studies in the
Results section. Finally, the components are analyzed in the
Discussion section to evaluate them.

Figure 9 shows an overview of our implementation and the
interactions between the main components. As mentioned
previously, our implementation is a proof of concept for
demonstrating the features realized by the HBDP.

On a research platform for health care, the cloud environment
not only provides various big data analytical tools in the form
of software as a service but also provides an environment where
researchers can collaborate. The cloud environment also
provides scalability and an open environment.

Figure 10 shows some pages from the HBDP. Figure 10A is a
page that is shown when a user successfully logs in by entering
a registered user ID and password. Users who successfully log
in can access this platform at any time and download eHealth
data that can be used on the page shown in Figure 10B.
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Textbox 6. Specifications of our implementation environment.

Environment specifications

• Processor: Intel Xeon processor E5620 2.40 GHz

• Memory: 32 GB

• Operating system: Ubuntu Linux 18.04.5 LTS

• Smartphone: Galaxy S21 (SM-G991N)

• Languages: Go language, Java, Python, and C++

• Docker engine: version 20.10.7

• OpenStack: version 5.2.0 (Stein)

• MySQL: version 5.7.36

• Android: version 11

• Hyperledger Fabric: version 1.4

Figure 9. Overview of our implementation.

Figure 10. Implemented health care big data platform (HBDP).
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We also developed an Android app to use fingerprint
authentication and real-time location information. In particular,
we used Firebase (Firebase Inc) [43] for messaging the Android
app. Figure 11 shows some pages of the implemented app. In
Figure 11A, the app performs user registration and device
enrollment on the platform. In addition, Figure 11B shows
device enrollment for fingerprint authentication and real-time
location information. Finally, Figure 11C shows a fingerprint
authentication request when the user wants to use encrypted
eHealth data.

Furthermore, we used the OpenABE library (Zeutro) to perform
the encryption and decryption of eHealth data. The eHealth data
were anonymous and deidentified open data from the Korea
Disease Control and Prevention Agency. The data were from
the National Health and Nutrition Examination Survey in South
Korea, and they included ID, gender, age, region, and income.
In particular, we defined the sensitive columns in our
implementation as age and region. Figure 12 shows the eHealth
data at each phase on the platform. Figure 12A shows the
eHealth data with column-level encryption when they are stored

on the platform by the security agent. In addition, when the user
downloads eHealth data, they are offered after full encryption
of the column-level–encrypted eHealth data using the user
attributes stored on the platform, as shown in Figure 12B.
Finally, Figure 12C shows the decrypted eHealth data, which
can be used by authorized users on the platform.

Generally, blocks in the blockchain are identified by hashes,
and the blocks are connected because they have a hash of the
previous block. In other words, alteration is impossible unless
the blocks of all participants are modified. Therefore, on the
platform, the private blockchain is used as a decentralized
persistent logging system. We built the blockchain network
using Hyperledger Fabric (The Linux Foundation) and designed
a smart contract for accountability. Figure 13 shows a web page
for detecting illegal users (ie, unauthenticated and unauthorized
users) using the distributed ledger. This page helps platform
administrators search for specific user activities as well as
identify and respond to the actors when security threats arise.
In short, the distributed ledger in our implementation provides
accountability and nonrepudiation to the HBDP.

Figure 11. Android app.

Figure 12. Encryption and decryption of eHealth data in the health care big data platform.
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Figure 13. Web page for detection of illegal users.

Results

Overview
To show the proof of concept, the previous section implemented
the HBDP. This section describes case studies of illegal user
detection for security analysis via the implemented HBDP. This
section also presents the results of several conducted
experiments, which show the efficiency of the private blockchain
and ABE cryptography.

Case Studies of Detection of Illegal Users

Overview
In addition to the aforementioned security threats, many security
threats (eg, the misuse and abuse of eHealth data) can arise on
a health care research platform in an open environment. Thus,

a secure health care research platform must be able to detect
and trace the threats. This subsection describes how to detect
two representative security threats—unauthenticated and
unauthorized users—through the distributed ledger on the HBDP
in an open environment. Moreover, we present the possibility
of detecting other security threats through monitoring and access
control processes.

Detection of an Unauthenticated User
One of the most common attacks attempted by unauthenticated
users is the brute-force attack. Therefore, in this scenario, we
assume that an unauthenticated user continuously tries to log
into (ie, launches a brute-force attack on) the HBDP by stealing
the user ID. Figure 14 shows the sequences for detecting an
unauthenticated user on the platform. A detailed explanation of
this case study is provided in the following paragraphs.

Figure 14. Detection of unauthenticated user.
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The attacker first steals the user ID that is used on the HBDP
and then connects to the platform and inputs the stolen user ID
and a random password. The security agent that receives the
user ID and password retrieves the user information from the
user DB and performs password-based user authentication. After
that, the security agent requests the blockchain peer to record
the log-in result in the distributed ledger. The blockchain peer
records the log-in result through the execution of a smart
contract and sends the recorded result to the security agent. The
security agent receives the recorded result and then informs the
attacker of the log-in failure. The attacker receives the result of
the failed log-in and then continuously tries to log in using a
random password with the stolen user ID. If the aforementioned
sequence is repeated and the log-in fails 2 more times, the user
ID is blocked by the security agent. In addition, the security
agent requests fingerprint authentication to unblock the user ID

from the device enrolled in the HBDP. As a result, platform
users will be able to recognize that there has been an illegal
log-in attempt. Furthermore, the security agent forwards these
attempts to the platform administrator to help them analyze
illegal log-in attempts based on the distributed ledger in detail.

Prevention of the Misuse (or Abuse) of eHealth Data by
an Unauthorized User
The eHealth data that can be downloaded from the HBDP
depend on the user’s department and position. For this reason,
there is a possibility that unauthorized users can receive
encrypted eHealth data from an authorized user. Therefore, we
assume that an unauthorized user of the eHealth data wants to
use illegally shared or leaked eHealth data. Figure 15 shows
the procedure for detecting the illegal sharing of eHealth data.
The details are described in the following paragraphs.

Figure 15. Detection of unauthorized user.

The unauthorized user first obtains encrypted eHealth data in
the wrong way from the authorized user. After that, the
unauthorized user connects to the HBDP and uploads the
illegally shared eHealth data to be used after log-in to the
platform. The security agent that receives the eHealth data
obtains user information from the user DB and requests
fingerprint authentication from the enrolled device. The
unauthorized user performs fingerprint authentication. If
authentication is successful, the device sends a real-time location
along with the signature to the security agent. The security agent
then decrypts the eHealth data with the received attributes and
real-time location after verification of the signature. However,
the decryption of eHealth data fails because the unauthorized
user’s attributes do not match the user attributes used for the
encryption of the eHealth data. The security agent requests that
the decryption result be recorded on the distributed ledger and
then informs the unauthorized user that the decryption has failed
after the unauthorized user’s activity is recorded on the ledger.

If the aforementioned sequence is repeated and the decryption
fails one more time, the user ID is blocked by the security agent.
The security agent also sends these attempts to the platform
administrator to help them analyze illegal use attempts based
on the ledger in detail.

In our implementation, various security threats can be detected
and blocked, as can unauthenticated and unauthorized users.
For example, even if attackers try to decrypt the eHealth data
by stealing the user’s ID and password, decryption is impossible
as fingerprint authentication fails. In addition, even if fingerprint
authentication is successful by manipulating the device,
decryption is impossible because of incorrect real-time location
information. In other words, the HBDP has ensured the security
and privacy of eHealth data. Furthermore, the platform
administrator can detect illegal users through periodical
monitoring as all user activities on the HBDP are recorded in
the distributed ledger. In particular, to use even leaked data,
they should be decrypted on the HBDP depending on the use
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phase. Thus, the administrator can detect this behavior through
monitoring. Finally, the HBDP also does not ensure the
usefulness of eHealth data via column-level encryption even if
leaks by malicious users occur. In conclusion, the HBDP can
provide researchers with an open and secure environment in
which to efficiently analyze eHealth data.

Performance Evaluation of the HBDP

Overview
Our main concepts are the proposal of a secure research platform
for health care and the detection of illegal users using the
distributed ledger. For this concept, we presented case studies
in the previous section. However, performance is an important
factor in proving system efficiency, so we briefly present and
describe a performance evaluation of the implemented HBDP
in this section.

Average Time for Cryptography
To measure the average time, we performed 10 rounds of
encryption and decryption with changes in the number of rows
and sensitive columns, as shown in Textbox 7.

Figure 16 shows the average encryption and decryption times
for the number of rows per number of sensitive columns. Figure

16A shows the average column-level encryption time based on
the number of rows. In Figure 16A, if the maximum number of
rows is 200,000 and the number of sensitive columns is 5, the
maximum average time is approximately 10 minutes.
Furthermore, Figure 16B shows the average full encryption
time for changes in the number of rows versus each number of
encrypted sensitive columns when the user downloads eHealth
data from the platform (see the Download Phase section).
Significantly, as this work encrypts the rows, the number of
encrypted sensitive columns does not greatly affect the full
encryption time. In other words, the encryption time is not
dramatically increased with an increase in the number of
encrypted sensitive columns. Figure 16C shows the average full
decryption including column-level decryption time for the
number of rows versus each number of encrypted sensitive
columns when the user uses eHealth data on the HBDP (see the
Use Phase section). As this work performs decryption twice,
the decryption time required increases dramatically compared
with full encryption. If the maximum number of rows is 200,000
and the number of sensitive columns is 5, the average time is
approximately 27 minutes, so the HBDP has limitations in use
for actual cases. However, we believe that several methods can
solve this problem. A discussion of these methods is detailed
in the following subsections.

Textbox 7. Simulation parameters for evaluation of cryptography.

Simulation parameters

• Rounds: 10

• Number of rows: 50,000, 100,000, and 200,000

• Number of sensitive columns within 46 columns: 1, 3, and 5

• Type of cryptography: column-level encryption, full encryption after column-level encryption in the download phase, and full decryption including
column-level decryption in the use phase

Figure 16. Average time of cryptography.

Blockchain Performances
The private blockchain is a distributed logging system that helps
detect illegal users on the HBDP. For this reason, we did not
evaluate the block and query times and focused only on the
accountability and nonrepudiation provided by blockchain
features. Therefore, in this section, the write and read times of
the designed smart contract are evaluated using Hyperledger
Caliper (The Linux Foundation) [44]. We first executed 5 rounds
of writing transactions onto the ledger of the blockchain
network, with 1000 transactions in each round at rates of 100,

150, 200, 250, and 300 transactions per second (TPS), as shown
in Textbox 8. We then executed 5 rounds of reading transactions
into the ledger’s blockchain network at rates of 100, 150, 200,
250, and 300 TPS, with 1000 transactions in each round after
writing 100 transactions. In particular, at this time, we assume
that the platform administrator searches 100 records of previous
user activity.

Figure 17 and Figure 18 show the average latencies and
throughputs of our executions. In Figure 17A, the 1Org with
1Peer in write mode takes <3 seconds in 300 TPS, which is a
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much lower latency than other networks. Conversely, the 1Org
with 1Peer in write mode has a higher throughput
(approximately 150 TPS) than other networks, as shown in
Figure 18A. The 1Org with 1Peer in read mode has an average
latency of approximately 14 seconds and a throughput of
approximately 63 TPS in 300 TPS, as shown in Figure 17B and

Figure 18B. For the 2Orgs with 2Peers in read mode, the average
latency and throughput reach approximately 19 seconds and 47
TPS, respectively, in 300 TPS. The results show that many
organizations and peers reached high latency and low throughput
in both read and write modes, so the latency and throughput are
inversely proportional in write mode.

Textbox 8. Simulation parameters for evaluation of the blockchain.

Simulation parameters

• Rounds: 5

• Transactions: 1000 each

• Transaction rates: 100, 150, 200, 250, and 300

• Transaction mode: read and write

• Networks: 2Orgs with 2Peers, 2Orgs with 1Peer, and 1Org with 1Peer

• Orderer: solo

Figure 17. Average transaction latencies.

Figure 18. Transaction throughputs.
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Discussion

Principal Findings
In the Results section, we first conducted a security analysis of
the HBDP. The results showed that the HBDP provides a secure
environment. We then presented the average times for
cryptography and blockchain performance of the HBDP to
evaluate its efficiency. As a result, some performances (eg, high
decryption time depending on the number of encrypted columns)
showed to need improvement. Therefore, we first discuss these
results in this section. Some limitations of the HBDP are then
presented. In addition, we compare the HBDP with prior works.
Finally, we describe our further works on blockchain and IoT.

The HBDP provides a secure research environment but has
several challenges to solve to be efficient. Thus, this subsection
discusses our results and these challenges in detail. First, to
prove accountability in the HBDP, we presented case studies
on detecting unauthenticated and unauthorized users via the
implemented HBDP. In addition, we described some methods
to detect other security threats via the process of access control
and monitoring. The results showed that the HBDP supports
accountability in access control.

Second, as the number of sensitive columns increased,
column-level encryption and full decryption including
column-level decryption times increased significantly in our
results. This issue would cause inconvenience to users in a real
environment. To address this issue, we present some solutions.
First, when eHealth data have many sensitive columns, efficient
cryptography times can be achieved by merging these columns
into 1 column to perform encryption and decryption. Second,
the security agent can be configured first to perform decryption
of some columns to show eHealth data and then decrypt other
columns in the background process. This method may make the
user feel that the delay is minimal compared with the previous
approach. Finally, in the cloud environment, multiple security
agents can be configured to perform parallel processing [45-47].
This method is efficient and the most widely used approach.
Unfortunately, our work did not use these methods, but they
are expected to provide better cryptography times.

Finally, the read mode in blockchain has higher latency and
lower throughput than the write mode by approximately ≥60%.
In general, blockchain performance has higher latency and lower
throughput in write mode than in read mode, but our evaluation
showed the opposite result. This result might have been due to
the process of looking up and reading all the records of 100
transactions. Nevertheless, the blockchain can be used
sufficiently as a distributed logging system for the HBDP as it
did not show poor performance. To prove this effectiveness,
our discussion can be extended through a performance
comparison evaluation with existing studies. However, we did
not conduct the performance comparison because of differences
in the implementation environment and configuration. The
blockchain performance is generally affected by the role
configuration of peers and orderers, differences in consensus
algorithms, and blockchain type. Furthermore, even if a smart
contract performs the same function, the performance can vary
depending on how the smart contract is implemented. In

conclusion, we consider that a comparison of the performances
is useless in perfect nonequivalent environments.

Limitations
A health care research platform must offer an efficient
environment as the primary purpose of the HBDP is to analyze
eHealth data and then use the resulting values for research. For
this environment, the interoperability of eHealth data, analytical
and visualization tools, and data linkage are needed, but the
HBDP implemented a few functions for eHealth data. Hence,
in our future work, the HBDP will offer an efficient research
platform that provides various analytics and visualization tools
(eg, Hadoop, Tableau, and Spark) as software as a service.

Furthermore, in this study, the HBDP only focused on three
SRs (ie, access control, encryption of stored eHealth data, and
accountability), but various additional SRs (eg, deidentification)
are needed for a more secure environment. In addition, even
after deidentification of eHealth data, the possibility of
reidentification remains. Thus, our future work should also
provide other SRs and methods to reduce the risk of
reidentification through reidentification assessments in advance
[48,49].

Finally, the main scope of this study was access control and
accountability for a research platform for health care, so the
HBDP did not ensure the integrity and availability of eHealth
data. In the HBDP, by also writing the hash of eHealth data on
the distributed ledger, integrity can be ensured but not
completely. For this reason, the HBDP needs solutions to ensure
the integrity and availability of eHealth data for a complete
research platform for health care. Availability and integrity can
be generally ensured by existing cryptography technologies (eg,
diverse types of firewalls, message authentication codes,
intrusion detection systems, and hash functions). We also
consider that some studies [50-54] are helpful for an efficient
health care research platform.

Comparison With Prior Work
For discussions of the HBDP, this section compares the HBDP
with the existing health care research platforms based on defined
SRs. Table 2 shows that the HBDP and previous research
platforms met specific SRs. First, access control (ie,
authentication and authorization methods) was partially
addressed in all studies [29-34] and was also addressed in the
HBDP. In particular, some of the studies [31,32,34] granted
access to eHealth data through direct approval from the relevant
authorities or contracts. However, this access control is
cumbersome and complex, and there is a possibility of overly
limiting the use of data. Some studies [29,34] used RBAC for
access control, but RBAC cannot easily provide fine-grained
access control. By contrast, ABE encryption generally achieves
fine-grained access control as administrators can create detailed
security policies using various attributes [55-57]. ABE has also
been able to achieve flexible access control recently [58,59].
Hence, the HBDP enables fine-grained access control through
the various sensing data of IoT devices as we use ABE
encryption, unlike existing research platforms for health care.
Furthermore, two studies that provided encryption for stored
eHealth data were those by Lunn et al [30], Jones et al [34], and
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the HBDP. This encryption is needed to prevent illegal leaks
by insiders and malicious attackers. Even anonymized eHealth
data must be encrypted when they are stored on a research
platform to make reidentification difficult and useless if the
eHealth data are leaked. Finally, accountability is an audit trail
that helps the platform administrator take appropriate action
when a security incident occurs and mitigate security threats
via monitoring. However, the logging system was implemented
in a centralized form in the studies by Lunn et al [30] and Jones

et al [34]. A centralized system has difficulty operating a logging
service when the system is unavailable, and there is a possibility
that the integrity of logs can be undermined by attackers. The
HBDP uses a logging system in a decentralized form via
blockchain and, thus, even if 1 node is unavailable, logging is
still possible and ensures the integrity of logs as all peers own
the distributed ledger. Moreover, we presented detailed methods
of illegal user detection to prove accountability in the HBDP,
unlike previous platforms.

Table 2. Comparison of the health care big data platform (HBDP) and related studies.

StudiesSRsa

OursJones et al
[34]

De Moor et
al [33]

Conde et al
[32]

Ashfaq et al
[31]

Lunn et al
[30]

Ozaydin et
al [29]

SR 1b

✓✓✓✓✓Authentication

✓✓✓✓✓✓Authorization

✓Fine-grained access control

✓ (Sensitive
data and
medical con-
dition)

✓ (Sensitive
data and
identifiable
data)

✓ (Full data
and medical
report)

SR 2c—encryption (encryption level and
content of eHealth data)

SR 3d

✓Decentralization

✓✓Centralization

✓Illegal user detection methods

aSR: security requirement.
bAccess control.
cEncryption of stored eHealth data.
dAccountability.

Private Blockchain
eHealth data subjects hope to strengthen their rights by
participating directly in eHealth data access decisions. They are
also concerned with the privacy and security of eHealth data.
However, when they directly participate in access decisions, it
has the potential to stifle or unduly limit the usability of eHealth
data in research (eg, the approval of researchers’ requests to use
eHealth data is delayed for a long time or they are
unconditionally refused). Therefore, the subjects’ rights must
be ensured in other ways. With the distributed ledger of the
blockchain, we expect that providers can supervise although
not directly participate in access decisions. For example, eHealth
data subjects can easily search the use history and users of their
eHealth data at any time via the distributed ledger on the
platform and object to the use if there are any issues. In addition,
as the recorded history of the blockchain is difficult to alter, it
is expected to elicit greater trust from eHealth subjects. Although
we did not implement this supervisory function, we expect that
further research will help address concerns about the use of
eHealth data as well as advance the rights of eHealth data
subjects.

Interoperability on IoT Devices
The eHealth data from various sensors and IoT devices are
rapidly increasing and being collected in many health facilities.
These eHealth data can improve public health and provide
high-quality customized health care services when they are used
in research, so they must be offered on a health care research
platform. In general, IoT devices are connected to and managed
by IoT platforms. However, it is currently difficult to share or
use collected eHealth data because of the various interoperability
issues on IoT platforms. In particular, secure interoperability
cannot be guaranteed as each IoT platform has different access
control methods and security policies for IoT devices. Therefore,
our future research will provide various and detailed eHealth
data to researchers by ensuring the secure interoperability of
IoT platforms on the HBDP.

Conclusions
The use of eHealth data in health care research offers promising
potential and advantages. However, eHealth data are more
sensitive than other big data as they contain more personal
information, so the privacy and security of eHealth data must
be ensured for them to be used in studies. In addition, eHealth
data subjects are still concerned about unauthorized data reuse
and sharing within existing health care research platforms. Thus,
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we designed a more secure collaborative platform for health
care research called the HBDP. This platform ensures the
privacy and security of eHealth data using a private blockchain
and ABE cryptography. The private blockchain operates as a
decentralized persistent log DB in which all activities occurring
on the HBDP are recorded with time stamps. As a result, the
records in the blockchain (ie, distributed ledger) help platform
administrators and users detect and respond to unauthenticated
and unauthorized users on the HBDP. ABE cryptography
ensures privacy even if eHealth data are leaked from the
platform and enables detailed and fine-grained access control

using situational information. Furthermore, we developed and
tested the HBDP, blockchain network, and an Android app using
Hyperledger Fabric, OpenStack, and OpenABE library to show
the feasibility of the platform. We also described the detection
of illegal users (ie, unauthenticated and unauthorized users) via
case studies. As this study focused only on a secure environment
for health care research, some future work is needed to provide
an efficient and complete research platform. Nevertheless, we
believe that the HBDP will provide a sufficiently secure
environment for the use of eHealth data in health care research.
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Abstract

Background: The COVID-19 outbreak highlighted the importance of rapid access to research.

Objective: The aim of this study was to investigate research communication related to COVID-19, the level of openness of
papers, and the main topics of research into this disease.

Methods: Open access (OA) uptake (typologies, license use) and the topic evolution of publications were analyzed from the
start of the pandemic (January 1, 2020) until the end of a year of widespread lockdown (March 1, 2021).

Results: The sample included 95,605 publications; 94.1% were published in an OA form, 44% of which were published as
Bronze OA. Among these OA publications, 42% do not have a license, which can limit the number of citations and thus the
impact. Using a topic modeling approach, we found that articles in Hybrid and Green OA publications are more focused on
patients and their effects, whereas the strategy to combat the pandemic adopted by different countries was the main topic of
articles selecting publication via the Gold OA route.

Conclusions: Although OA scientific production has increased, some weaknesses in OA practice, such as lack of licensing or
under-researched topics, still hold back its effective use for further research.

(J Med Internet Res 2022;24(10):e40011)   doi:10.2196/40011

KEYWORDS

COVID-19; open access; OA; SARS-CoV-2; scholarly communication; topic modeling; research; dissemination; accessibility;
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Introduction

Background
On January 30, 2020, the World Health Organization declared
the COVID-19 outbreak a “public health emergency of
international concern,” and declared a pandemic on March 11,
2020, at which point the virus had infected more than 150,000

people in 154 countries [1-3]. One year later (March 2021) the
number of infected people reached 3.8 million worldwide [4].

The scientific community is facing one of its greatest challenges
for research: to quickly develop solutions for the COVID-19
pandemic. This exceptional situation requires a collective
scientific effort that has been reflected daily in the publication
of hundreds of scientific documents and resources (ranging from
articles and reviews to clinical guides or protocols and data).
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We are likely witnessing the greatest concentration ever of
scientific resources specifically directed to the resolution of a
common problem [5]. The effectiveness of both the publication
system and the different components of traditional scientific
communication (journals, databases, and repositories) is crucial
to perform medical research as well as other types of research
focus (ie, economic, educational, psychological) about this new
coronavirus, such as delineating risk factors, clinical features,
and treatment strategies, including vaccines [6].

Research topics have also rapidly changed during the pandemic,
focusing on different areas of interest (Figure 1): COVID-19
and treatment (green cluster), populations at risk (light blue
cluster), effects of the pandemic on mental health and impacts
of social distancing (red cluster), public health (purple cluster),
and coronavirus terms or families (yellow cluster).

We adopted a metaresearch approach to investigate the scholarly
communication on this disease, particularly focusing on the
open access (OA) uptake, along with the evolution of topics
about COVID-19 in different OA publication venues.

Figure 1. Co-occurrence map within the 50 most frequent keywords among cited SARS CoV-2–related publications with at least 200 publications
(data extracted from PubMed: January 1, 2020, to March 1, 2021). Image created using VOSviewer [7].

Changes in the Scholarly Publication System
COVID-19 has challenged scientists to overcome the “normal”
pace of scholarly communication. The main objection that the
current system faced from the beginning of the pandemic is
two-fold: science that is closed by default and the overload of
articles, with 1000 COVID-19–related publications per week
estimated at the beginning of the pandemic in PubMed [5]. As
a result, a global health crisis has been readily recognized as an
information crisis or “infodemic” [8,9].

During the pandemic, numerous efforts were undertaken to
make COVID-19 research publicly available as fast as possible.
On January 31, 2020, the Wellcome Trust called on researchers,
funders, and journals to share data and make findings
immediately available to inform the public health response to
this outbreak [10]. Signatories to this statement include relevant
publishers (Elsevier, Wiley, Springer, Taylor and Francis, among
others). This was also followed by large scientific journals,
especially biomedical journals (eg, JAMA, British Medical
Journal [BMJ], Science, Oxford, Cambridge, or New England
Journal of Medicine) [5], at least temporarily. However,

publishers have not always liberated their copyright licenses,
and for those who did, it was mainly as an exceptional practice
rather than a change of policy.

New pressures and new opportunities were introduced for the
scholarly publishing system [11]. Horbach [12] analyzed 669
articles and found that medical journals had accelerated their
publication process (eg, the time between submission and
publication decreased on average by 49%). However, some
studies show evidence of adverse effects, including unethical
practices by predatory journals during the pandemic, reduction
of journals’ quality standards, or biases (eg, most of the
scientific output has been from Western countries or
English-only publishing at the expense of local communities
that could have relevant insights on the topic) [12-14].

State-of-the-Art and Previous Bibliometric Studies
Bibliometric techniques have been used to present an overview
of COVID-19 research. Efforts have been made to analyze the
coverage of different data sources of COVID-19 publications
[15-17], using altmetrics (ie, Wikipedia and Mendeley) [18,19],
analyzing the effectiveness and impact of collaboration [20,21],
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gender differences [22], topic evolution [16,23], scholarly
communication flow during this pandemic [24,25], as well as
OA of these research outputs[5,15].

Although a high volume of scientific publications are being
produced (150,000 peer-reviewed COVID-19 outputs were
published in the Dimensions database between January 2020
and April 2021, and 40,000 COVID-19 preprints were posted
in this period), the percentage of publications on OA differs
from that of databases, with 72.81% in Dimensions and 88.8%
in PubMed [5,11,15,26]. The majority of OA publications follow
the “Bronze” route and are mainly published without a license
(representing 76.4% of all OA papers recorded at early stages
of the pandemic in PubMed) [15]. However, most bibliometric
studies and OA analyses were performed in the early stages of
the pandemic.

As pointed out by Colavizza et al [16], the early stage of
pandemic research was dominated by the topic of the
coronavirus outbreak. However, in analyzing 27,370
publications by topics using Medical Subject Heading (MeSH)
terms in PubMed, Wang and Hong [23] found that epidemiology
and public health interventions have gathered the highest
attention. Within these categories, the most popular topics were
prevention and control of COVID-19, whereas other topics have
been less popular, such as drug therapy. However, little is known
about the differences in OA typologies or licenses, which could
help researchers and scientific policymakers understand and
guide the status of COVID-19 research.

Accordingly, the aim of this study was to investigate the research
communication about this disease, the level of openness of
papers, and the main topics of research. We also were guided
by the following research questions: What effect has the

emergency situation had on scholarly communication? How
have OA publishing models affected citation rates? What effect
does the presence of a proper license have on the citation of
published papers? How have the topics covered in the
publications evolved during the pandemic? Does the OA
publishing model have an effect on the analyzed topics?

Methods

Sources and Search Strategy
In this study, different databases and tools were used to collect
and analyze COVID-19–related publications, relevant
information about OA (typology and licenses), and the main
topics covered (Figure 2). The platforms chosen were PubMed,
Lens, Microsoft Academics, and Unpaywall that collectively
cover a large proportion of free biomedical publications. For
this study, we selected PubMed as it is the only database that
has been able to record the largest number of publications on
this topic since the beginning of the pandemic, including early
articles, in an updated manner (daily updating). Other databases
such as Web of Science (WoS) or Scopus have a delay of
indexing relative to PubMed [15,27]. Furthermore, PubMed is
a more well-suited database for biomedical research, whereas
Scopus and WoS are more multidisciplinary databases.
Moreover, PubMed offers free access to all users, while Scopus
and WoS are subscription-based.

The search was performed on March 16, 2021, in the Lens data
platform (considering only the PubMed database) by the
following query, suggested by the National Library of Medicine
and the National Center for Biotechnology Information:
2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2
OR (wuhan AND coronavirus)

Figure 2. Workflow used to select the sample for the study (sources and indicators).
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Data Selection, Scope of the Study, and Limitations
We focused our analysis on the period from January 1, 2020,
to March 1, 2021. This period corresponds with the peak cases
in the population and the initial vaccination protocol
(immunized) [28]. The query retrieved a total of 99,969
scientific works about COVID-19 in PubMed, 2595 (2.60%)
of which did not have a DOI and 1764 (1.76%) of which were
not recognized by Unpaywall. Therefore, the study considered
a total of 95,605 publications. The Lens database was used to
collect 1.6 million citations from the selected publications.

Although this represents a very comprehensive study based on
the number of publications analyzed and the different types of
analyses performed, some limitations must be pointed out. We
only considered one database (PubMed), which is mainly
skewed toward medical and biomedical publications and does
not cover all academic fields nor all publication languages.
Non-English publications and nonbiomedical fields are not
covered or are under-represented. Another limitation is due to
the use of Unpaywall; although this source provides relevant
information on OA, it does not have full coverage and
sometimes contradicts information in Crossref. Limitations of
the search strategy adopted include the use of the keywords for
selecting each COVID-19–related article, which conflicts with
the contribution of research toward the pandemic and other
studies that might presumably include buzzwords.

Data Analysis and Research Steps
We first analyzed the uptake of OA and its impact on scientific
publications about COVID-19 during the study period (January
2020-March 2021). Figure 2 summarizes the main indicators
analyzed. OA status information was considered because OA
aims to maximize access to research by promoting visibility
and diffusion of scientific outputs and removing technical or
financial barriers [29]. Different OA categories defined by
Unpaywall were considered in our analysis: Bronze (articles
freely available on websites hosted by their publisher, either
immediately or following an embargo, but are not formally
licensed for reuse), Gold (articles in fully accessible OA journals
by paying a fee, known as an article processing charge [APC]),
Green (a copy archived in an online open repository with access
to final versions after an embargo period), and Hybrid (articles
in a subscription journal made OA by paying the APC). In
addition, the total number of citations per article, according to
Lens, was considered and analyzed by OA typology. However,
considering that a skewed distribution is associated with a risk
that the citation statistics are dominated by a few highly cited
or uncited papers (eg, published in a short time window), a
percentile-based bibliometric indicator is needed. Therefore, in
this study, we used the 90th percentile (P90) based on total
citations received by each paper, which enabled better cross-OA
comparisons of the impact of publications. P90 means that the
paper belongs to the top 10% most frequently cited papers,
which was calculated using linear interpolation of modes in a
spreadsheet.

We also used Unpaywall to collect information about licenses.
The main licensing options analyzed were Creative Commons
(CC) or publisher-specific licenses. Classified according to their
level of reuse, from the most open to the most restrictive, the

license types include: American Chemical Society
(ACS)-Specific, CC, CC-BY, CC-BY-NC, CC-BY-NC-ND,
CC-BY-NC-SA, CC-BY-ND, CC-BY-SA, Elsevier-Specific,
Implied-OA, PD, publisher-specific license, and no license. In
addition, the publisher information was retrieved by analyzing
the five most frequent publishers (Elsevier BV, Wiley, Oxford
University Press [OUP], and BMJ). Openrefine was chosen to
organize, clean up, and analyze the data. This tool allowed us
to filter the data extracted from Lens, connect the data with the
Unpaywall application programming interface, and to gather
more information about OA and the repositories (PMC or
institutional repositories found in Open Archives
Initiative-Protocol for Metadata Harvesting [OAI-PMH]). For
data analysis, interpretation and visualization of a spreadsheet
were also used. We further mapped the country distribution of
the corresponding author from 105 highly cited papers (with
more than 1000 citations, representing 0.11% of the total) using
ArcGIS software.

Next, we applied a topic modeling technique to the titles and
abstracts of COVID-19 publications by OA types (Bronze, Gold,
Green, and Hybrid) to identify prominent topics during the
pandemic and their evolution. This probabilistic technique takes
a collection of texts as input and makes it possible to identify
and learn “topics” from a corpus of documents [30,31]. The
keywords from all documents were then grouped by those that
appear closer together (by frequency); thus, it can be argued
that they are thematically connected, forming clusters (or topics).
As a result of this technique, the biggest cluster in Bronze was
composed of keywords such as student, medical, or survey,
among others, which constituted cluster 0 (see the full list of
clusters in Multimedia Appendix 1).

Unlike clustering, topic modeling assumes that each document
will fit into one or more topics. Elimination of stop words,
spaces, and other irrelevant characters was performed in R
software using the tm package [32,33]. A total of 87,744 papers
(87.8%) of the data set were used in this analysis. For topic
modeling, we adapted Colavizza et al’s [16] code in Open
Jupyter Notebook by training the data set with the latent
Dirichlet allocation model using the gensim implementation
[16,31,34]. In this case, 15 clusters were defined for the
identification of keywords divided by OA type, each composed
of a group of keywords (see the full list in Multimedia Appendix
1). To more deeply analyze the content, each cluster was
categorized into the main topics defined by Colavizza et al [16]
and Wang and Hong [23], as described below. “Coronavirus
Outbreaks” and “Epidemics” were merged into a single topic
(labeled “Epidemics”) as they included similar clusters. The 5
topics and their scope are defined in Table 1. A comprehensive
list of topics and clusters is provided in Multimedia Appendix
1.

In addition to this classification, the monthly topic intensity of
the clusters (based on the number of publications) by OA type
was analyzed to observe the changes over time. As the period
of study covered up to March 1, 2021, March was not included
in this analysis.

The data set used in this study has been made available in
Zenodo [35].
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Table 1. Topic description and examples of identified keywords.

Examples of keywordsDefinition and scopeTopic

treatment, chest, therapy,
symptom, clinical trial

Study and practice of medicine that is founded on the direct observation of patientsClinical Medicine

immune, antibody, drug,
vaccine, spike

Covers the study of immune systems in all organismsImmunology

proteins, nucleic acids, virus
cell, antibodies, cytokine

Branch of biology dealing with the structure and function of the macromolecules essential
to life

Molecular Biology

public health system, pa-
tient, mental health, commu-
nity, nursing

Branch of medicine dealing with public health, including hygiene, epidemiology, and disease
prevention

Public Health

disease, outbreak, countries,
masks, tests

Studies the rapid spread of disease to a large number of people in a given population within
a short period of time

Epidemiology

Results

OA Uptake

Overview
From the 95,605 PubMed articles considered (Figure 2), 98.34%
(n=94,015) were journal articles and 94.08% (n=89,944) were
published in OA format, with the majority in Bronze OA
(44.8%), followed by Gold (31.9%), Green (14.1%), and Hybrid
(9.3%) (Figure 3a).

The remaining publications represent posted content (n=1551),
book chapters (n=27), and “others” (n=6, including 1 report, 1
peer review, 2 proceeding articles, and 1 uncategorized type)
(Figure 3b).

Overall, 41.39% (39,573/95,605) of all publications were
published under the Bronze OA model, 29.49% (28,192/95,602)
as Gold, 14.64% (13,993/95,605) as Green, and 8.56%
(8186/95,605) as Hybrid OA (Figure 3c).

Measuring the P90 of the citation distribution of the field
showed that Hybrid, Green, and Bronze OA articles have higher
citation values of 29, 26, and 24, respectively, compared to Gold
OA articles (16) and articles published in closed journals (5).

Analysis of the evolution of publishing models (Figure 3d)
showed that use of the Green model exhibited a decreasing trend
during the pandemic, eventually becoming the least-used model.
As the pandemic progressed, Bronze and Gold publishing
models became more prominent, with a significant increase of
the Bronze model from the second quarter of 2020 onward.

Figure 3. PubMed-hosted SARS CoV-2–related papers published from January 1, 2020, to March 1, 2021 and their open access (OA) status based on
Unpaywall. (a) Percentage of considered and excluded papers (without DOI and not scanned by Unpaywall) and their OA ratios. (b) PubMed established
publication type and their OA type. (c) Percentage of publications and citations divided by their OA publishing model. (d) Evolution of publications
according to their OA publishing model. P90: 90th percentile.
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Figure 4 shows the effect of having a repository copy of OA
SARS-CoV-2–related papers on citations. As shown in Figure
4a, 83.1% of the OA papers had at least one copy in a repository
(70.7% of Bronze OA; 90.7% of Gold OA; 99.9% of Green
OA, although one paper was categorized as Green without a
repository copy; and 88% of Hybrid OA publications). Among
these papers, 37.4% (n=27,990) were categorized as Bronze

OA, 34.2% (n=25,583) as Gold OA, 18.7% (n=13,992) as Green
OA, and 9.6% (n=7207) as Hybrid OA. More concretely, in
every OA typology, the P90 was higher in the group of
publications with a repository copy than in the group of those
without such a copy: 28 versus 14 for Bronze papers, 17 versus
7 for Gold papers, 31 versus 3 for Green papers, and 33 versus
6 for papers published in Hybrid journals (Figure 4b).

Figure 4. Effect of having a repository copy of open access (OA) SARS-CoV-2–related papers hosted in PubMed (January 1, 2020, to March 1, 2021)
on the citations (based on the 90th percentile [P90]). (a) Percentage of OA papers with and without a repository copy. (b) Top 10% of papers with and
without a repository copy by OA type.

Licenses
We also reviewed the reuse permissions by licenses held by the
OA papers: 34.4% (n=25,740) of the papers with a repository
copy did not have an explicit license, compared to 81.8%
(n=12,418) of those without a repository copy (Figure 5a).

Figure 5b shows that a very relevant number of all OA articles
lack a proper license (42.4%), which means licenses allowing
free reusability of the paper. The most used licenses are CC-BY
(23.3%), followed by Implied-OA (16.9%), CC-BY-NC-ND
(10.8%), and CC-BY-NC (5.1%). When the citations of these
groups were analyzed, we observed that the highest citation
indicator was for papers under ACS-Specific licenses (with 99.1

citations) and Implied-OA licenses (66 citations). Articles
without an explicit license showed a poor number of citations
(10). Based on these results, these three groups (nonlicensed,
ACS-Specific licensed, and Implied-OA licensed) were further
studied. For the nonlicensed OA papers, the predominant OA
status was Bronze, accounting for 75.1% (n=28,584) of papers
with a P90 of 10, followed by Green (20%, P90=10) and Gold
(4.9%, P90=13) (Figure 5c). The most cited papers by license
type, ACS-Specific licensed papers, were further analyzed. In
this case, almost 90% of the papers belonged to the Hybrid OA
category with a remarkable P90 value of 101.2 (Figure 5d).
Finally, 67.2% of the Implied-OA licensed papers had a Bronze
OA status with a P90 value of 73 (Figure 5e).
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Figure 5. Licensing of open access (OA) SARS-CoV-2–related papers hosted in PubMed (January 1, 2020, to March 1, 2021). (a) Number of papers
with and without (WO) a specific licence distributed by OA/non-OA and with/without a repository copy. (b) Distribution of papers based on the licence
category. (c-e) P90 and OA status of nonlicensed papers (c), ACS-specific licensed papers (d), and implied OA licensed papers (e). P90: 90th percentile;
ACS: American Chemical Society.

Publishers
The most frequent publisher was Elsevier, publishing 26.88%
(25,694/95,605) of the included papers, followed by Wiley
(13,461/95,605, 14.08%), Springer (10,266/95,605, 10.74%),
OUP (3940/95,605, 4.12%), and BMJ (3701/95,605, 3.87%)
(Figure 6a). The presence or absence of a certain license for
these publishers was studied in greater depth, as well as the
citations (P90) of all the publications published by the three top
publishers (Figure 6b). The results showed that 47% (n=12,090)

of the Elsevier-published papers do not have a license, and the
associated number of citations is low (n=7). However, articles
from this publisher with a license had a much higher citation
P90 of 51. The same pattern was observed for the next two most
frequent publishers: 43% of Springer’s articles do not have any
license and their citation level is low compared to the licensed
papers (9 vs 27); 53% of Wiley’s papers lack a license and with
only 7 citations compared to the 34 citations of the licensed
papers.
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Figure 6. Publishers and journals that published the highest number of COVID-19–related papers hosted by PubMed from January 1, 2020, to March
1, 2021. (a) Number and percentage of total publications distributed by the most frequent publishers. (b) Citation (P90) and presence/absence of a proper
licence of all the papers published in the three main publishers. BMJ: British Medical Journal; OUP: Oxford University Press; P90: 90th percentile;
WO: without.

Highly Cited Papers by Country
For papers with more than 1000 citations (105 highly cited
papers), we determined the country of the corresponding author.
China was the country with the most cited papers, including 58
articles with more than 1000 citations (Figure 7). The mean
citation value of these 58 papers was 3932, with the highest

being 16,164 citations. The two countries with the most highly
cited papers were the United States and the United Kingdom,
having 22 and 11 papers with more than 1000 citations,
respectively. After these three, other countries presented a
significantly lower (less than 5) number of highly cited papers
(eg, Germany, 4; Italy, the Netherlands, and Switzerland, 2; and
France, Singapore, Sweden, and Taiwan, 1).

Figure 7. Map of highly cited papers by country of authorship (corresponding author). Image created using ArcGIS [36].
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Identifying and Monitoring Topic Evolution
A topic modeling technique based on title and abstracts was
used to analyze the biomedical content of each publication
together with their distribution during the period studied. Figure
8 shows the number of times that each topic was mentioned by
thematic cluster and OA category. Topics such as Public Health,
Epidemics (ie, monitoring of COVID-19 within countries), and
Clinical Medicine (ie, patients, analysis, therapy) were the most

frequently addressed, suggesting that the prevention and control
of COVID-19 are the most concerning issues at all stages (see
Multimedia Appendix 1). By contrast, Immunology (ie, trials
and vaccinations) and Molecular Biology (ie, proteins,
antibodies) for the purpose of detection and prevention do not
exhibit as much interest. Moreover, some topics show a marked
preference for specific OA categories, such as Clinical Medicine
in Gold OA and Epidemics in Green OA.

Figure 8. Distribution of the number of COVID-19–related topics by open access type.

Among the Bronze OA publications, as represented in Figure
9, cluster 7 (health care and services) stood out from March
2020. Cluster 3, terms associated with the lockdown and cases
(epidemics), was common in January 2020 but decreased over
the course of the pandemic. Another prominent cluster was
cluster 5, represented by symptoms (eg, respiratory syndrome),
which was more common from February 2020 and this
popularity was maintained throughout the study period.
Similarly, cluster 1, related to general research on COVID-19
(surveys, interviews, etc), gained popularity from April 2020.
With a different pattern, cluster 11 (drugs, protein, virus) was
relatively common in January 2020 but decreased over the
period of study. By contrast, there were some topics with less
presence, including clusters 2 and 6, represented by clinical
medicine (eg, pregnant women); cluster 4, represented by
immunology; and clusters 13 and 14, represented by epidemics
(eg, tests and prediction models).

Figure 10 shows the evolution of the topics of Gold OA
publications. Cluster 5, related to strategies adopted by countries,
stood out throughout the period analyzed. Another relevant
topic was the number of cases in China (especially during
February 2020) (cluster 9) and clinical symptoms (infection,
respiratory syndrome) (cluster 14) during the first months of
the pandemic (January-March 2020). Cluster 1 and cluster 8,
representing clinical medicine (eg, proteins) and public health
(eg, mental health effects of the pandemic), respectively, showed
a modest increase during the later months of the study.

Green OA publications are shown in Figure 11. Topics reflected
in cluster 6, associated with respiratory symptoms, were very
common in January and February 2020. Cluster 5 (treatments
for COVID-19, such as hydroxychloroquine) was strong in
February 2020. Other evolutions of interest included patients
and hospitalization (cluster 10), which gained relevance over
time (notably November-December 2021), whereas treatment
(cluster 12; eg, drugs, proteins, and antivirals) started being
relevant from March to July 2020 and then interest subsequently
decreased. Effects (cluster 2; eg, dental, sleep quality) or
symptoms and global measures adopted to prevent the virus
(cluster 13; eg, lockdown, social distancing) exhibited relatively
less interest.

Figure 12 shows the cluster intensity based on the number of
Hybrid OA publications over the study period. Clusters 0, 2,
and 5 were the most highly studied topics at the beginning of
the period analyzed, corresponding to Public Health and
Epidemics. As an example, cluster 2 starts with a burst in
January 2020 due to the effects of COVID-19 on psychological
and mental health (eg, depression, anxiety, psychological effect)
of the population. Notably, clusters 3, 6, and 13, associated with
the topics Public Health, Clinical Medicine, and Epidemics,
respectively, gained intensity over time. Other clusters showing
almost no interest were those related with nursing and care
(cluster 8), mortality (cluster 11), and child response (cluster
14).
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Figure 9. Topic intensity in the Bronze open access journals (January 1, 2020, to March 1, 2021) (n=38,625).

Figure 10. Topic intensity in the Gold open access journals (January 1, 2020, to March 1, 2021) (n=27,786).
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Figure 11. Topic intensity in Green open access journals (January 1, 2020, to March 1, 2021) (n=13,396).

Figure 12. Topic intensity in the Hybrid journals (January 1, 2020, to March 1, 2021) (n=7937).
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Discussion

Based on the large increase in the number of publications during
the pandemic [15], the data analyzed in this study (95,605
publications) show that the majority of papers are openly
available (94.1%), which is a significantly higher rate than found
in other databases (eg, 68% in Dimensions, as pointed out by
Torres-Salinas et al [5]). Bronze OA was the most common
category, which means that paid journals are providing free
access for these publications. The same pattern is also supported
by previous studies in different databases such as WoS, Scopus,
and Dimensions [5,15,37,38]. Analysis of the evolution of the
publications and OA types over time showed that, although an
increasing tendency is observed in all OA types, Green OA
articles decreased in favor of Gold OA journals during the
pandemic, in line with the findings of Nane et al [11].

These results highlighted that the OA impact (measured by the
P90) is higher in papers with a repository copy; however, 42%
of those OA papers do not have a license, which might be
correlated with less visibility and could affect the reuse of the
findings. Although the most used licenses are CC-BY,
Implied-OA, and CC-BY-NC-ND, ACS-Specific and
Implied-OA licenses are associated with a higher number of
citations. In this regard, if the knowledge and discoveries are
not properly shared and transmitted, the struggle against disease
is slowed, with more pronounced fatal effects.

The topic modeling analysis showed that the majority of
publications in PubMed focus on Public Health, Epidemics, and
Clinical Medicine, whereas Immunology and Molecular Biology
are the least addressed topics (complementing the findings of
Colavizza et al [16] and Wang and Hong [23]). However, topics
such as Public Health and Clinical Medicine play a pivotal role
(supporting Wang and Hong [23]), providing new insights to
those offered by Colavizza et al [16] on the variation on topics
in this specific database.

COVID-19 research topics are continuously evolving along
with evolution of their publication trends. Overall, prevention
and control are the most prevalent topics (in line with Wang
and Hong [23]), while prediction (eg, models to forecast) or
treatment (eg, drug treatment), or the effects on specific
populations (eg, child response, pregnant women) are the least
researched topics. The topic intensity over the months of this
study presented different behaviors by OA category. Hybrid
and Green OA publications are more focused on the patients
and their effects, whereas the strategy adopted by different
countries is more frequently published in Gold OA journals,
and Healthcare and Services topics are largely published in
Bronze OA journals. Although the research focus at the
beginning of the pandemic was largely concentrated on disease
symptoms or treatments to control the spread of the virus
(published in Green, Hybrid, and Gold journals), tests or samples
(Hybrid), or the number of cases (Gold)—and these topics
prevail continuously, such as the public health system in Hybrid

journals or strategies from countries in Gold journals—more
recently, the focus has been on the cases by country (Hybrid),
patients and hospitalization (Green), or proteins (Gold), among
others.

The main conclusions of this study can be summarized as
follows. First, the number of COVID-19–related articles in
PubMed 1 year following the first global lockdown is 17-times
higher than that at the initial stage of the pandemic. This
provides new insights into the study of Torres-Salinas et al [5],
which estimated a total of 1000 documents per week in PubMed
at the beginning of the pandemic.

Second, to effectively confront the global pandemic, we need
to make research, and its outcomes, more open. This is an
opportunity to show how the scholarly communication system
can benefit the public. Although a high number of publications
are freely available, not all of them are open and reusable. As
clearly demonstrated in this study, more effort on public
licensing is needed; 42% of the OA papers related to COVID-19
do not have a license, and this is associated with less visibility,
especially for Bronze OA publications.

Third, articles with a higher number of citations include those
published under journal-imposed licenses that specify that access
to these papers is temporary, allowing reuse and analysis for a
limited time, or even allowing reading access for a limited time
only.

Fourth, as measured by the number of citations, OA categories
(specially Hybrid and Green) seem to be associated with a higher
impact than closed journals. Even greater impacts are observed
with repository copies (especially those with ACS-Specific
licenses and Implied-OA licenses).

Fifth, only approximately 100 papers received more than 1000
citations. Papers written in English, from corresponding authors
located in developed countries (United States, China, and the
United Kingdom) dominate the highly cited papers.

Sixth, Hybrid and Green OA publications are more focused on
patients and their effects, whereas the strategy adopted by
countries is more prevalent in papers that have chosen the Gold
OA route. Health care and services are the most common topics
in the papers published in Bronze OA journals.

Finally, prevention and control were the most prevalent topics
in the publications analyzed (coronavirus
outbreaks/epidemiology and public health). However, research
in some topics is still insufficient (eg, effects on some
populations such as children or pregnant women), requiring
more global research collaborations.

Overall, monitoring and measuring OA and topic evolution will
help researchers and scientific policymakers understand the
status of COVID-19 research. This information may be useful
as a reference guide, to stimulate new ideas and directions of
research, and to help in the fight against this pandemic.
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Abstract

Background: Seasonal influenza affects 5% to 15% of Americans annually, resulting in preventable deaths and substantial
economic impact. Influenza infection is particularly dangerous for people with cardiovascular disease, who therefore represent
a priority group for vaccination campaigns.

Objective: We aimed to assess the effects of digital intervention messaging on self-reported rates of seasonal influenza
vaccination.

Methods: This was a randomized, controlled, single-blind, and decentralized trial conducted at individual locations throughout
the United States over the 2020-2021 influenza season. Adults with self-reported cardiovascular disease who were members of
the Achievement mobile platform were randomized to receive or not receive a series of 6 patient-centered digital intervention
messages promoting influenza vaccination. The primary end point was the between-group difference in self-reported vaccination
rates at 6 months after randomization. Secondary outcomes included the levels of engagement with the messages and the relationship
between vaccination rates and engagement with the messages. Subgroup analyses examined variation in intervention effects by
race. Controlling for randomization group, we examined the impact of other predictors of vaccination status, including cardiovascular
condition type, vaccine drivers or barriers, and vaccine knowledge.

Results: Of the 49,138 randomized participants, responses on the primary end point were available for 11,237 (22.87%; 5575
in the intervention group and 5662 in the control group) participants. The vaccination rate was significantly higher in the intervention
group (3418/5575, 61.31%) than the control group (3355/5662, 59.25%; relative risk 1.03, 95% CI 1.004-1.066; P=.03). Participants
who were older, more educated, and White or Asian were more likely to report being vaccinated. The intervention was effective
among White participants (P=.004) but not among people of color (P=.42). The vaccination rate was 13 percentage points higher
among participants who completed all 6 intervention messages versus none, and at least 2 completed messages appeared to be
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needed for effectiveness. Participants who reported a diagnosis of COVID-19 were more likely to be vaccinated for influenza
regardless of treatment assignment.

Conclusions: This personalized, evidence-based digital intervention was effective in increasing vaccination rates in this population
of high-risk people with cardiovascular disease.

Trial Registration: ClinicalTrials.gov NCT04584645; https://clinicaltrials.gov/ct2/show/NCT04584645

(J Med Internet Res 2022;24(10):e38710)   doi:10.2196/38710

KEYWORDS

influenza; randomized trial; public health; cardiovascular disease; immunization; vaccination; digital messaging; digital intervention;
mobile health; mHealth

Introduction

About 5% to 15% of the US population contracts influenza
annually [1], resulting in more than 20,000 deaths [1] and
substantial economic impact [2]. For people with cardiovascular
disease (CVD), influenza can be particularly dangerous. In one
study, the risk of myocardial infarction was 6 times higher
within a week of influenza infection [3]. A study of more than
80,000 US adults hospitalized with influenza over 8 seasons
found that 1 in every 8 patients developed sudden, serious
cardiac complications and that having underlying cardiac disease
was significantly associated with experiencing an acute cardiac
event with influenza [4]. For these reasons, the Centers for
Disease Control and Prevention (CDC) consider persons with
CVD to be at high risk for influenza complications and therefore
a priority group for vaccination [5].

Vaccination remains the most effective primary prevention
method against influenza, with age-adjusted effectiveness rates
of up to 68% over the past 5 years [6]. The CDC reported a
51.4% vaccination rate for 2019-2020 for persons aged 18-64
years who have high-risk conditions such as CVD [7], far below
the 70% national vaccination rate goal [8]. Given the increased
burden of influenza for people with CVD, even small
improvements in vaccination rates could substantially reduce
the number of patients having major adverse cardiac events
[2,9-11].

Novel, scalable, cost-optimal, and effective solutions are needed
to address barriers to influenza vaccination among people with
CVD, such as complacency, time and cost constraints, and a
lack of confidence [12]. Observational [13] and randomized
controlled trials [14,15] have shown the effectiveness of digital
messaging to increase vaccine uptake in general adult
populations. In a randomized trial of digital messaging in
persons with diabetes, a population also at increased risk of
influenza-related complications [16], the vaccination rate was
3.1% higher in the intervention group than the control group.
Alternatively stated, 33 people would need to receive the
intervention for 1 additional person to become vaccinated.

The primary objective of this study was to examine the efficacy
of a digital intervention designed to increase self-reported
influenza vaccination rates in individuals with CVD.

Methods

Study Design
This 8-month, pragmatic randomized controlled trial was
conducted remotely in the United States. Participants were
blinded to study participation status to minimize observation
bias, although all participants agreed that their survey responses
and behavioral data would be used for research purposes before
completing each survey (see below).

All participants were members of the free Achievement mobile
health and research platform (Evidation Health, Inc), which
includes more than 4 million individuals spanning all 50 states
and 90% of zip codes [17]. The platform provides personalized
insights and tools to motivate and empower people to take
evidence-supported actions to manage their health. Members
can connect activity trackers and fitness and health apps to the
platform and share self-reported health information.
Achievement does not have the ability to access clinical or
claims data; it relies solely on member-generated data.

Ethics Approval
The trial protocol was approved by Solutions IRB, Yarnell,
Arizona (Registration: IORG0007116; Federalwide Assurance:
IRB00008523), and registered at ClinicalTrials.gov
(NCT04584645). Since the digital intervention messages were
consistent with publicly available information on influenza
vaccination, we obtained a waiver of informed consent from
this Institutional Review Board on the basis that participants
would face only minimal risk from the study. Participants were
informed about how their survey responses and behavioral data
would be used through a Data Usage and Permissions
Agreement.

Digital Intervention Design
The 6 digital intervention messages were developed using a
3-part approach [18], building on a previous study [16] and the
Theory of Planned Behavior [19]. Message designs were refined
throughout the development process using Rapid Iterative
Testing and Evaluation–inspired methods [20]. See Multimedia
Appendix 1 [16,18-21] for details of the development process
and the content of the intervention messages (Table S1 and
Figures S1-7 in Multimedia Appendix 1), which were delivered
via the Achievement platform.
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Participants
Eligible participants were those aged ≥18 years, living in the
United States, with any of the following self-reported conditions
on the Achievement platform (eg, through past surveys): atrial
fibrillation; abnormal or irregular heart rhythm or other
arrhythmic heart disease; cardiac arrest or myocardial infarction;
coronary artery disease treated with medication, stenting,
percutaneous intervention, or bypass surgery; congestive heart
failure; or stroke or cerebrovascular accident.

Recruitment, Screening, and Enrolling
Members who met the inclusion criteria were identified for
study inclusion (“participants”). Participants took no action to
enroll and were not informed about their participation status.
We used block randomization by cardiovascular condition to
randomize participants into either the intervention group, which
received the digital intervention messages, or the control group,
which received none of the messages.

Randomization and Blinding
Evidation Health, Inc generated the random allocations, enrolled
participants, and randomized them using block randomization
(arrhythmia vs nonarrhythmia) into the intervention or control
group before offering the opportunity to complete any study
activities.

Study Procedures
Participants were asked to complete the web-based surveys at
baseline, 3 months (after 4 digital messages had been sent in
the intervention group), and 6 months (after 2 more messages
had been sent in the intervention group). Reminder messages
were used to motivate survey completion.

Primary and Other Outcomes
Participants self-reported their vaccination status (yes or no)
via the app at baseline, 3 months, and 6 months. Participants
also reported the estimated date of vaccination, if any, on the
3- and 6-month surveys.

To assess engagement with the intervention messages, we
examined platform-generated data indicating that the person
had completed a given message and created a summary measure
indicating the number of messages completed.

Each survey measured the drivers and barriers to vaccination
as well as vaccine knowledge. The vaccine drivers and barriers
of interest included the number of visits to a primary care
provider in the 3 months before randomization (none, 1-2, or 3
or more), number of visits to a cardiology specialist in the prior
3 months (none, 1-2, or 3 or more), number of hospitalizations
in the prior 3 months (none, 1, or 2 or more), whether a health
care provider had offered influenza vaccination (yes, no, or
unsure), and whether a health care provider had informed the
individual that they were in a “high-risk group” (yes, no, or
unsure).

Vaccine knowledge factors were based on responses to the
survey question “What sources of information do you use to
learn about the flu vaccine?” with possible responses of health
care professionals, family member or peers, social media

including blog posts, mobile apps, or conventional news media
(eg, television and newspapers).

Sample Size Calculation
The sample size was determined a priori for a 2-arm
interventional statistical superiority study design with
self-reported vaccination rates as the primary outcome [22].
Large studies on the impact of messaging and telephone
reminders to improve influenza vaccination rates show a range
of effect sizes from 2.5% to 3.5% [23,24]. A total of 8000
participants were needed to detect a 3% difference in vaccination
rates with a type I error rate of 0.05 and power of 0.80. Since a
participation drop-off of 67% was observed for digital
interventions aimed at increasing influenza vaccination in people
with diabetes [16], we conservatively estimated an engagement
rate of about 16%. The targeted enrollment list therefore
included approximately 49,000 individuals to yield the analysis
population of 8000 participants.

Statistical Analysis
We first compared the unadjusted proportions of participants
reporting vaccination at follow-up between the intervention and
control groups. In predefined subgroup analyses, we examined
variations in intervention effects between White and non-White
participants. Process analyses included differences in
self-reported vaccination rates within the intervention group by
the number of intervention messages completed and intervention
participants’ levels of engagement with each message.
Controlling for randomization group, we examined other
predictors of vaccination status, including cardiovascular
condition type, vaccine drivers or barriers, and vaccine
knowledge.

An exploratory objective was to describe the impact of the
COVID-19 pandemic on influenza vaccination behavior.
Another exploratory objective—self-reported complications
from influenza, overall and by vaccination status—was not
analyzed because the surveys did not ask about influenza
complications. Information on safety and adverse events was
not collected, given the minimal-risk nature of the intervention
and study.

Variables were compared at the 5% significance level using
2-sided tests or 2-sided 95% CI unless otherwise specified.
Comparison of means used 2-sided Student t test for normal
distributions or a Mann-Whitney U test for nonnormal
distributions. Comparisons of frequencies used chi-square tests.
For the logistic regression model, the P values, odds ratios
(ORs), and 95% CIs associated with each of the β parameter
estimates were reported. To describe the relative importance of
each predictor variable, we calculated their Shapley Additive
Explanation values [25]. Kaplan-Meier curves were constructed
for time to influenza vaccination, using the participant-estimated
dates of influenza vaccination from the 3- and 6-month surveys.

Results

Participants
Between July and September 2020, we generated a list of 49,138
candidate participants (Figure 1). Of these, 24,570 were
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randomized to receive digital intervention messages and 24,568
were randomized to the control group. On September 21, 2020,
the first baseline and demographic surveys were sent to these
49,138 participants, and 10,402 (21.17%) completed the baseline
survey. In all, 11,237 participants (22.87%) completed the
midstudy or final survey by April 11, 2021, yielding groups of
5575 intervention and 5662 control participants who reported
vaccination status at either 3 or 6 months after randomization.

Of the 11,237 participants, the average age was 45 (SD 13)
years, 81.18% (n=9122) were White, 78.01% (n=8766) were
female, and 86.21% (n=9687) had health insurance (Table 1).

More than half (n=6891, 61.32%) had a college degree, and a
third (n=3770, 33.55%) had a household income of at least US
$75,000. The most commonly reported cardiovascular condition
was arrhythmia (intervention: 2251/5575, 40.38%; control:
2331/5662, 41.17%). Baseline characteristics did not differ
substantially between groups. Despite previous self-reports of
CVD from all participants, almost a third (intervention:
1798/5575, 32.35%; control: 1844/5662, 32.57%) in both groups
reported not having any of the listed conditions in the baseline
survey. Study participants represented all 50 states and the
District of Columbia (Figure S8 in Multimedia Appendix 1).

Figure 1. Disposition of Study Participants.
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Table 1. Baseline demographic and clinical characteristics of the participants.

Control (N=5662)Intervention (N=5575)Characteristic

44.9 (13.3)45.0 (13.5)Age (years; intervention: n=5530; control: n=5607), mean (SD)

Sex, n (%)a

4427 (78.19)4339 (77.83)Female

1114 (19.68)1071 (19.21)Male

135 (2.38)169 (3.03)Other

Race/ethnicity, n (%)a

143 (2.53)155 (2.78)American Indian or Alaska Native

227 (4)250 (4.48)Asian

354 (6.25)388 (6.96)Black or African American

375 (6.62)319 (5.72)Hispanic, Latino, or Spanish

50 (0.88)46 (0.83)Middle Eastern or North African

49 (0.87)45 (0.81)Native Hawaiian or Other Pacific Islander

4612 (81.46)4510 (80.9)White

64 (1.13)60 (1.08)Other

179 (3.16)187 (3.35)Prefer not to answer

4872 (86.05)4815 (86.37)Had health insurance, n (%)

3510 (61.99)3381 (60.65)Had a college degree, n (%)

1909 (33.72)1861 (33.38)Household income ≥US $75,000, n (%)

Cardiovascular condition type, n (%)a

2331 (41.17)2251 (40.37)Arrhythmia

496 (8.76)488 (8.75)Atrial fibrillation

99 (1.75)112 (2)Cardiac arrest

412 (7.28)385 (6.91)Myocardial infarction

293 (5.17)332 (5.96)Heart failure

356 (6.29)366 (6.57)Coronary artery disease

436 (7.7)433 (7.77)Stroke or cerebrovascular accident

545 (9.63)539 (9.67)Other cardiovascular diseases

1844 (32.57)1798 (32.25)None of the above diagnosesb

aParticipants could choose more than 1 option, and percentages may add up to >100%.
bDespite previous self-reports of cardiovascular disease from all participants, some reported not having any of the included conditions at baseline. Please
see the Limitations section for more details.

Primary Outcome
By the end of the study period, 3418 (61.31%) of the 5575
participants in the intervention arm had reported obtaining
influenza vaccination compared to 3355 (59.25%) of the 5662
participants in the control arm (absolute difference: 2.06%;
relative risk 1.03, 95% CI 1.004-1.066; P=.03). Based on this
difference, 48.3 persons would have to receive the digital
intervention messages for 1 additional person to become
vaccinated.

Secondary Outcomes
In logistic regression modeling, overall predictors of vaccination
status included White or Asian race and being older or a college

graduate (Figure 2 and Figure S9 in Multimedia Appendix 1).
Being in the intervention group was associated with a
significantly increased likelihood of getting the influenza
vaccine (OR 1.099, 95% CI 1.012-1.192; P=.02). Participants
who had cardiac arrest (OR 3.477, 95% CI 1.85-6.54; P<.001),
atrial fibrillation (OR 1.332, 95% CI 1.068-1.66; P=.01), or
coronary disease (OR 1.411, 95% CI 1.055-1.885; P=.02) were
also more likely to report vaccination (>65%) than participants
with other conditions. Digital interventions appeared to be more
effective in encouraging vaccinations among White participants
(intervention: 2837/4510, 62.9% vs control: 2763/4612, 59.91%;
P=.004) than among non-White participants (intervention:
581/1065, 54.55% vs control: 593/1050, 56.48%; P=.42; Figure
S10 in Multimedia Appendix 1).
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Kaplan-Meier analysis of the time to vaccination showed that
at least 2 digital intervention messages, completed 2 weeks
apart, were necessary for a difference to begin to emerge (Figure
3). In the intervention group (N=5575), the most completed
messages were the knowledge quiz (n=4248, 76.2%), cost article
(n=4276, 76.7%), and CDC article (n=4315, 77.4%; Figure S11

in Multimedia Appendix 1). In all, 44.81% (n=2498) of the
intervention group completed all 6 messages, and 7.7% (n=429)
completed none of them; the reported vaccination rate for the
former group was about 13 percentage points higher than that
for the latter group (1626/2498, 65.09% vs 223/429, 51.98%).

Figure 2. Predictors of self-reported influenza vaccination.

Figure 3. Self-reported vaccination rates over time. Dashed vertical gray lines indicate the timings of the 6 digital intervention messages. CDC: Centers
for Disease Control and Prevention.

After controlling for age, sex, race, and education over the entire
study population, participants who saw a health care provider,
were offered an influenza vaccine, or got their vaccine
information from a health care provider were more likely to
report getting the vaccine (Figure S12 in Multimedia Appendix

1). Those who were told by a health care provider that they were
part of a high-risk group were also more likely to report
vaccination (OR 2.369, 95% CI 2.171-2.586; P<.001).
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Participants who reported a diagnosis of COVID-19 were 40%
more likely to report influenza vaccination than those who did
not, regardless of intervention assignment (Figure S13 in
Multimedia Appendix 1). Of the 7457 participants who reported
getting the influenza vaccine, 4252 (57.02%) stated that the
COVID-19 pandemic did not influence their decision to
vaccinate, and 4026 (66.33%) of the 6070 participants who did
not report influenza vaccination said their decision was not
influenced by the COVID-19 pandemic.

Discussion

Principal Findings
In this cohort of 11,237 adults with CVD, digital intervention
was associated with a significantly higher rate of self-reported
influenza vaccination at the end of the study period than control
participants. Based on epidemiologic estimates, roughly 26
million Americans have CVD [26], and an increase in
vaccination rates of 2.06% as shown in this trial would mean
another 535,600 persons with CVD being immunized. This
increase would likely translate to substantial reductions in
morbidity, mortality, and costs to the health care system, as well
as potential improvements in the quality of life if applied at
scale.

Our findings add to a growing body of evidence that
interventions delivered via digital communication channels can
be effective in improving vaccination rates among high-risk
patients. Previous randomized studies have generally shown
significantly improved influenza vaccination rates with email
prompts, app-based messages, SMS text messaging, and
web-based interventions in general adult populations
[14,15,23,27-31], high-risk patients (some of whom had heart
disease) [16,32], and pregnant women [33-35], but a few have
not [36-38]. To our knowledge, this is the first randomized study
to show promising results with a digital intervention specifically
designed for and delivered to a population with CVD.

The patient-centered digital interventions, developed with
evidence-based behavioral theory of vaccine behavior [19],
were generally viewed as informative, trustworthy, and
engaging. In all, about 45% of the intervention group completed
all intervention messages, compared to 27% in our previous
study [16] and the industry standard of 22% [39], indicating
very strong engagement. These messages also produced results
at least as good as other recent app-based digital influenza
vaccination interventions in general Canadian [13] and US adult
populations [14,15].

Older age, more education, and White or Asian race were
significant predictors of vaccination in this study. The apparent
lack of effect in other participants of color might reflect small
sample sizes or heterogeneity among non-White participants.
Further assessment of racial and ethnic differences in responses
to nontailored digital interventions is needed. This study does
reinforce the importance of engagement with the health care
system, as participants who saw a health care provider, were
told they were in a high-risk group, or were offered the influenza
vaccine were more likely to report vaccination.

Vaccination against influenza is a cost-effective method for
reducing some of the risk associated with CVD [40,41].
Combined with the cost-effectiveness of digital intervention
design and deployment relative to other prevention strategies,
the messaging presented here appears to be suitable as a
population-health management strategy in the context of limited
budgets for health systems, insurers, and public agencies. In
addition, half of the 380,000 people [1] hospitalized annually
with influenza in the United States have heart disease [5].
Scaling this digital intervention to the larger population of
people with CVD could help reduce hospitalizations and
emergency department and clinic visits, along with days of
productivity lost, particularly in already digitally connected
populations.

The strengths of this study include its decentralized, pragmatic
nature, which can provide high-quality evidence of effectiveness
in real-world settings. Other strengths imclude its large sample
size, nationwide scope, and variety of data collected, including
patient-generated health data. The study also reflects real-world
data on vaccination rates among persons with variable risk levels
from influenza infection conferred by different cardiovascular
diagnoses. The design of the study may inspire the design of
future vaccination campaigns to assess the drivers of vaccination
and their public health impact and investigate vaccination
behavior in other patient populations.

Limitations and Future Work
Participants reported their CVD diagnoses at different times via
different survey sources (eg, historical surveys vs current
self-reports). This method resulted in discrepancies from using
different data sources in health outcomes, potentially due to
question formatting and the time period for recall: almost a third
of participants reported having none of the candidate CVD
conditions despite previous self-reports of such disease. Future
studies could forgo blinding in favor of supplementing
self-reports with additional sources of information (eg, health
claims and medical records). Participants were blinded to
participation, reflecting real-world engagement with health
messages outside of a known research-related setting. The
potential influence of unknowingly participating in research is
unclear. Only about 23% of the sample reported on the primary
end point. The generalizability of findings to nonresponders is
therefore limited. We also have no knowledge about why
participants did not respond.

This trial was conducted during the COVID-19 pandemic. Due
to the pandemic, participants may have had increased awareness
of viral diseases and vaccines generally through other sources
(eg, governmental sources, television, and social media),
possibly limiting the generalizability of our findings, although
most participants in both groups stated that the pandemic did
not affect their decision about influenza vaccination.

Participants in the intervention group were compensated in the
form of points, which could be redeemed for cash. However,
given that the total possible monetary compensation was only
US $1.52 regardless of vaccination status, it likely did not
influence the motivation to vaccinate enough to impact the
outcome.
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All participants were existing members of the Achievement
platform, reflecting a population already engaged with digital
technology. The baseline (control) vaccination rate (59.25%)
was also about 8% higher than the 51% CDC average for
individuals with comorbidities [7]. Thus, it might have been
more difficult to see an incremental uplift compared to
populations with less technology use or a lower baseline
vaccination rate.

Most of the population was female, non-Hispanic, and White.
The effects of the intervention in other demographic groups are
less certain, although the sample size was sufficient for models
adjusting for age, education, sex, and race to confirm that the
intervention effect remained significant. Barriers to health equity
in accessing digital health interventions and methodologies
remain significant [42]. This study should serve as a foundation
for future evaluation and tailoring to reach individuals from
diverse backgrounds more effectively, as Brewer and colleagues
[43] have shown that people from diverse racial and ethnic

backgrounds engage with digital health information via the web
and digital health research at a high rate.

Although several evidence-based sources and techniques were
leveraged in the development of the intervention messages, their
exact mechanisms of action are unknown. The act of prompting,
rather than the content, might result in similar improvement.
Future studies examining which components or messages would
be the most beneficial could help optimize future interventions
while minimizing burden.

Conclusions
A digital intervention using health condition–relevant
information and widely available public health information can
be an effective way to increase influenza vaccination rates in
persons with CVD. These results may have broader public health
implications as an easily scalable intervention to increase
vaccination behavior. Future studies should examine the
effectiveness and cost-effectiveness of such digital campaigns
in diverse populations with other chronic conditions and for
other types of vaccination, such as COVID-19 vaccines.
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Abstract

Background: Shared decision-making (SDM) is a process aimed at facilitating patient-centered care by ensuring that the patient
and provider are actively involved in treatment decisions. In mental health care, SDM has been advocated as a means for the
patient to gain or regain control and responsibility over their life and recovery process. To support the process of patient-centered
care and SDM, digital tools may have advantages in terms of accessibility, structure, and reminders.

Objective: In this randomized controlled trial, we aimed to investigate the effect of a digital tool to support patient activation
and SDM.

Methods: The trial was designed as a randomized, assessor-blinded, 2-armed, parallel-group multicenter trial investigating the
use of a digital SDM intervention for 6 months compared with treatment as usual. Participants with a diagnosis of schizophrenia,
schizotypal or delusional disorder were recruited from 9 outpatient treatment sites in the Capital Region of Denmark. The primary
outcome was the self-reported level of activation at the postintervention time point. The secondary outcomes included self-efficacy,
hope, working alliance, satisfaction, preparedness for treatment consultation, symptom severity, and level of functioning.
Explorative outcomes on the effect of the intervention at the midintervention time point along with objective data on the use of
the digital tool were collected.

Results: In total, 194 participants were included. The intention-to-treat analysis revealed a statistically significant effect favoring
the intervention group on patient activation (mean difference 4.39, 95% CI 0.99-7.79; Cohen d=0.33; P=.01), confidence in
communicating with one’s provider (mean difference 1.85, 95% CI 0.01-3.69; Cohen d=0.24; P=.05), and feeling prepared for
decision-making (mean difference 5.12, 95% CI 0.16-10.08; Cohen d=0.27; P=.04). We found no effect of the digital SDM tool
on treatment satisfaction, hope, self-efficacy, working alliance, severity of symptoms, level of functioning, use of antipsychotic
medicine, and number or length of psychiatric hospital admissions.
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Conclusions: This trial showed a significant effect of a digital SDM tool on the subjective level of patient activation, confidence
in communicating with one’s provider, and feeling prepared for decision-making at the postintervention time point. The effect
size was smaller than the 0.42 effect size that we had anticipated and sampled for. The trial contributes to the evidence on how
digital tools may support patient-centered care and SDM in mental health care.

Trial Registration: ClinicalTrials.gov NCT03554655; https://clinicaltrials.gov/ct2/show/NCT03554655

International Registered Report Identifier (IRRID): RR2-10.1186/s12888-019-2143-2

(J Med Internet Res 2022;24(10):e40292)   doi:10.2196/40292
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mobile health; mHealth; digital intervention; shared decision-making; patient activation; schizophrenia; schizotypal; early
intervention; randomized clinical trial; mobile phone

Introduction

Shared Decision-making
Shared decision-making (SDM) is a collaborative process
between ≥2 partners. In a health care setting, SDM is often
designated to be between a patient and provider. It is a
continuous cycle aimed at facilitating patient-centered care and
making joint treatment decisions. In mental health care, SDM
has been proposed as a means to contribute to recovery-oriented
care by inviting the patient to have more control and be more
involved in their treatment decisions [1].

The current evidence on the effectiveness of SDM in mental
health care is somewhat inconclusive but appears to be
promising. Studies have found that SDM interventions improve
self-perceived involvement in decision-making [2], satisfaction
[2], therapeutic alliance [2], decision self-efficacy [3], and
adherence to pharmacological treatment [4].

Incorporating SDM into daily practice in mental health care has
shown to face some of the same barriers as recovery-oriented
interventions, such as changing health care professionals’
paternalistic approaches, beliefs that SDM is time consuming
and inappropriate for patients with severe mental illness, or
discrepancies between the patients’needs and values versus the
goals and values of the health care provider and the organization
[5,6].

To address these barriers, providers are encouraged to consider
the patients’ decision-making skills, talk to the patient about
how they prefer a decision process to be, and incorporate tools
to support the SDM process [7]. In addition, activating patients
may also support SDM; active patients who seek collaborative
care could also activate their provider, resulting in a good
foundation for SDM [8]. Much research has been conducted on
patient activation with the conceptualization that active patients
consider their own role in the treatment to be important, are
engaged in managing their own health and care, feel confident
when collaborating with their provider, and have the knowledge
and skills to manage their condition [9]. The ability to maintain
these behaviors even during stressful times is believed to
characterize a patient with high levels of activation.

Digital Tools to Support SDM
To support SDM while using the continuous development and
use of digital solutions, researchers have started to investigate
how digital interventions may support SDM. Digital mental

health interventions, such as interventions including a
smartphone app, have been found to significantly outperform
control groups [10]. However, the evidence on digital mental
health interventions to support SDM is sparse, but a recent
meta-analysis found that digital SDM interventions may have
an effect on patient activation, decisional conflict, working
alliance, and severity of general symptoms [11]. The
meta-analysis also concluded that while digital interventions to
support SDM are promising, the limited evidence is in need for
quality research.

This study aimed to provide new evidence on the effectiveness
of a digital SDM intervention in mental health care and
strengthen the evidence on how digital tools may promote
patient activation. We evaluated the effectiveness of a digital
solution to support SDM in an outpatient setting for people
diagnosed with schizophrenia. We hypothesized that the
intervention would support SDM, resulting in higher levels of
self-perceived patient activation. With higher levels of patient
activation, we also expected to see improvements in working
alliance, hope, self-efficacy, satisfaction, feeling prepared for
decision-making, confidence in communicating with one’s
provider, severity of symptoms, level of functioning, number
of hospitalizations, and adherence.

Methods

Trial Design and Setting
This study was a 2-arm, assessor-blinded, randomized
parallel-group trial conducted in 9 outpatient treatment sites
called OPUS in the Capital Region of Denmark. OPUS is a
2-year treatment program providing specialized early
intervention treatment to patients with a debuting diagnosis of
schizophrenia or related psychotic disorders in the age group
of 18 to 35 years in Denmark. This trial compared a control
group receiving treatment as usual (TAU) with an intervention
group receiving a smartphone app as a supplement to TAU. The
participants were recruited between January 2019 and March
2021. Assessments were conducted at baseline, 3 months after
baseline (midintervention time point), and 6 months after
baseline (postintervention time point). Detailed information on
the trial design and methodology of the study is available in the
study protocol [12].
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Participants and Eligibility Criteria
Eligible patients were referred to the study by their primary
providers. Patients were eligible for inclusion if they were
receiving treatment in OPUS (see the section Treatment as
Usual for information on OPUS), had at least 6 months left of
their OPUS program, access to a smartphone, and understood
Danish. Patients were enrolled after meeting a staff member
from the research team who provided detailed verbal and written
information about the study, and written consent was obtained.

Randomization and Blinding
Participants were randomized with an even allocation of 1:1 to
either the intervention group (TAU plus app) or the control
group (TAU minus app). Randomization was performed after
completion of the baseline assessment. Block randomization
was used to achieve balance in the allocation of participants to
both treatment arms. The block sizes were randomly altered
among 2, 4, and 6. The block sizes were concealed from the
researchers during recruitment. The nonstratified randomization
sequence was computerized and facilitated by the Odense Patient
Data Explorative Network (OPEN) to ensure allocation
concealment. The concealment was kept digital at OPEN until
data collection ended and data analysis began. To ensure
blinding of the data analyst, OPEN provided information on
which group participants had been part of but without labeling
the groups. This way the data analysis could be performed
without bias by knowing who had been in the control group and
who had been in the intervention group. After the whole research
group had accepted the results of the data analysis and
conclusions had been drawn, OPEN was contacted to reveal the
labeling of the 2 groups.

Researchers collecting and analyzing data were blinded, but
given the nature of the intervention, patients and health care
providers were not blinded. All patients were at each visit, with
the researcher thoroughly instructed not to mention anything
about their randomization allocation. Therefore, all questionnaire
outcomes (answered by the patient or provider) were not
blinded, whereas the interview outcomes (assessor-rated) were
blinded.

Interventions

Treatment as Usual
Participants randomized to the control group continued with
TAU and did not receive the digital SDM intervention. TAU
in this trial was provided by OPUS, a treatment facility offering
specialized early intervention by combining three key elements:
(1) assertive community treatment aimed at maintaining or
developing the patient’s coping skills and integration in society;
(2) family involvement through multifamily groups and

single-family sessions; and (3) social skills training to support
patients with impaired social skills [13]. Patients starting OPUS
are assigned to a primary provider with weekly sessions
(excluding group sessions) lasting for approximately 40 to 60
minutes. Primary providers in OPUS may have a background
as a psychologist, nurse, social worker, physiotherapist or
vocational therapist. The OPUS treatment does facilitate
recovery and SDM elements with its patient-centered approach
where patients are considered a long-awaited guest who should
feel at home during a visit and who are encouraged to take an
active part in the treatment. Nevertheless, we chose to conduct
the study in OPUS because the results from our pilot study
indicated that younger adults with schizophrenia spectrum
disorders showed a positive attitude toward using a digital tool
to support their care [14]. During recruitment for the trial, the
providers had approximately 15 patients at a time and were able
to have patients in both groups.

The study protocol provides more information on TAU [12].

The Intervention Group
Before the trial, we developed a digital SDM tool for the process
of cocreation among patients, providers, and researchers, with
preparation for treatment consultation as the main function. A
pilot study revealed that the tool was perceived to be useful
with relevant content by patients and providers [14]. On the
basis of feedback from the pilot study, the app was adjusted
accordingly and included a new functionality, an option to
perform a daily self-assessment.

The intervention group continued with TAU and was invited
to use the digital system provided by the IT company Monsenso.
The digital SDM tool tested in this trial consisted of a
smartphone app for the patient with functions, such as
preparation for consultation, daily self-assessments, action plans,
and educational material. The app was synchronized to a web
portal that the patient’s provider could access before the
consultation. The intention was that the patient could use the
app outside of the consultation and that the provider before an
upcoming consultation could become aware of what the patient
would like to address at the consultation while also seeing how
the patient had scored themselves on the self-assessments. The
patients were encouraged to use the app daily or what felt
meaningful. Patients were shown how to set up reminders within
the app to enable push messages. Enabling these push messages
was voluntary. Providers were encouraged to use the web portal
before a consultation; however, there were no options for
reminders or push messages for the providers. Most importantly,
patients and providers were encouraged to discuss how best to
use the system and how to incorporate it to support the
consultations. The digital system is illustrated in Figure 1.
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Figure 1. Digital shared decision-making tool for smartphones.

Outcomes

Baseline Parameters
Information on the characteristics of both patients and providers
was collected. As preferences in clinical decision-making have
been found to be related to patient involvement, the Clinical
Decision Making Style (CDMS) questionnaire was completed
by both the patient and provider at baseline. The questionnaire
consisted of 2 subscales: preference for participation in
decision-making and preference for receiving information. This
questionnaire was only completed at baseline because research
indicates that CDMS scores are stable over 12 months [15].

Primary Outcome
Our primary outcome was the difference in self-perceived
patient activation between the groups at the postintervention
time point, as measured by the 10-item Consumer Health
Activation Index for mental health (CHAI-MH) [16].

Secondary Outcomes
Our secondary outcomes consisted of questionnaires completed
by participating patients and providers, a clinical interview, and
data from the Danish National Patient Register. Patients
completed the following questionnaires: self-perceived feeling
of hope and optimism measured by the 6-item Adult State Hope
Scale [17], self-efficacy measured by the 10-item General
Self-Efficacy Scale (GSE) [18], confidence in communicating
with one’s provider measured by the 5-item Perceived Efficacy
in Patient-Physician Interactions (PEPPI) Questionnaire [19],
therapeutic alliance between the patient and provider measured
by the 12-item Working Alliance Inventory–short form (WAI-S)
[20], feeling prepared to make a treatment decision by the
10-item Preparation for Decision-Making (PrepDM) [21], and
satisfaction with treatment measured by the 8-item Client

Satisfaction Questionnaire (CSQ) [22]. In addition, a clinical
interview was conducted to assess the participants’positive and
negative symptoms, together with their level of functioning.
We used the Scale for the Assessment of Positive Symptoms
(SAPS) [23], Scale for the Assessment of Negative Symptoms
(SANS) [23], Global Assessment of Functioning (GAF) [24]
and Personal and Social Performance Scale (PSP) [25]. A
blinded researcher conducted the interviews. Providers
completed 2 questionnaires for each of their patients
participating in the trial: the therapeutic alliance between the
provider and patient measured by the 12-item WAI–S [20] and
the patient’s engagement measured by the Service Engagement
Scale (SES)—collaboration subscale [26]. Finally, we collected
data for all participating patients from the Danish National
Patient Register-Psychiatry on the following: number of hospital
admissions, length of admissions in days, and adherence to
OPUS appointments. Reasoning for choosing the outcomes can
be found in the study protocol.

Explorative Outcomes
To explore the acceptance and perceived usefulness of the
smartphone app, participants in the intervention group completed
the 4-item App Rating Questionnaire and the 4-item Mobile
App Rating Scale—subscale subjective quality rating at the
postintervention time point [27,28]. In addition, objective data
on the use of the system (user sessions per day, screen views
per day, screens per session, session duration and session
instances, and user retention) were provided by Monsenso.

Sample Size
As stated in our protocol, a sample size of 180 participants was
estimated to be needed to detect a significant difference between
the intervention and control groups, with an effect size of 0.42
on the CHAI-MH scale. The effect size was calculated based
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on previous research that measured patient activation, as
described in the research protocol. For both the primary and
secondary outcomes, a power of 80% and an α of .05 was
chosen to reject the null hypothesis that the population means
of the 2 groups are equal. Before recruitment, we estimated that
30% would be lost to follow-up (ie, not responding to contact
at the postintervention time point). To adjust for this, a sample
size of 260 participants is needed. However, during the
recruitment of the first 100 participants, only 7 (7%) were lost
to follow-up. As the rate was significantly lower than
anticipated, we changed our estimated percentage of
lost-to-follow-up from 30% to 7%, resulting in a required sample
size of 194 participants.

Statistical Methods
For the statistical analysis, the principles of intention to treat
(ITT) were followed with a 2-tailed level of significance for all
statistical tests set at .05. Analyses were performed using SAS
Enterprise Guide 7.1. Differences in patient characteristics
between the 2 groups were assessed using the 2-sample t test
(2-tailed), chi-square test, and Fisher exact test (for variables
with <5 observations). Generalized linear mixed effects
regression analyses were performed to assess the 6-month
intervention. A binary logistic regression was performed to
evaluate the impact of the intervention on participants’ use of
antipsychotic medication. Negative binomial regression was
performed for count outcomes to estimate the incidence rate
ratios on the number of hospitalizations and the length of
hospitalization at the postintervention time point based on the
group allocation. To handle missing data, we created and
analyzed 100 imputed data sets using multiple imputations by
chained equations using the group variable (intervention and
control); the use of antipsychotic medicine variable; completed
interview at the postintervention time point; and the participants’
baseline, midintervention, and postintervention scores. The use
of antipsychotic medication at baseline (score=yes or no) was
used as a variable for the imputed data sets due to a significant
difference between groups in the use of antipsychotic medication
at baseline. During data analyses, we found that participants
who completed the postintervention interview scored lower on
the CHAI-MH than participants who had not completed the
interview. Although there were no between-group differences,
we decided to include this dichotomous variable when
computing multiple imputations for the questionnaire outcomes.
For the imputed data sets on the interview outcomes, we did
not use this variable because its value would be the same for
all imputed data. Outcome scales with partially missing values
were regarded as completely missing. For each outcome, an
estimate of the effect was calculated for each imputed data set
and finally combined using the Rubin rule. We also performed
a complete case analysis for comparative purposes. The
midintervention assessment was included for explorative
purposes to assess whether a potential effect occurred before
or after 3 months of intervention.

Ethical Considerations
The trial was approved by the Regional Ethics Committee in
the Capital Region of Denmark under file number H-17025550

and the Knowledge Centre on Data Protection Compliance
(Videnscenter for Dataanmeldelser) under approval number
P-2019-502. The trial was registered at ClinicalTrials.gov under
the identifier NCT03554655. No economic compensation was
provided for participation.

Changes From the Protocol
As stated in our study protocol, we were interested in evaluating
the mean duration per session for which the participants used
the smartphone app. However, due to technical limitations, we
were unable to assess the duration for which the participants
used the app.

Owing to the COVID-19 pandemic, several assessments were
conducted on the web; however, no statistically significant
differences in scores for participants being assessed physically
or virtually were detected.

Owing to a fire accident at OVHcloud (a global cloud service
provider that stores Monsenso’s data), the digital system became
unavailable for approximately 1 month during which participants
were unable to access the app and web portal. This downtime
affected approximately 36 participants in the intervention group.
Owing to blinding, the research group did not directly reach out
to participants. Instead, all providers were contacted regarding
this issue and instructed to inform participants of the system
being unavailable in the intervention group. After the system
became available again, providers were instructed to inform
participants to use the app again. In addition to the accident, a
failure in the Monsenso back-up system resulted in a loss of
data for the last month leading up to the fire accident. To assess
whether the interruption had an impact on the use of the system,
objective data on the use of the system before the accident were
compared with data on the use after the system became available
again.

In our study protocol, we calculated Cohen κ for the CDMS
questionnaire to assess the level of agreement between patients
and providers. However, due to the data structure of the CDMS,
this was not possible, and we instead performed a t test to assess
if there was a statistically significant difference between the
responses of patients and providers.

Although we planned to assess the effect of the intervention
based on duration in OPUS (eg, patients at the beginning of
their treatment versus those at the end of their treatment), we
were unable to do so because of safety procedures regarding
merging patient-reported outcome data with data from the
Danish National Health Registers.

Results

Overview
Figure 2 presents the CONSORT (Consolidated Standards of
Reporting Trials) flow diagram for the participants in the
Momentum Trial. In total, 194 participants were included and
randomized, with 98 to the control group and 96 to the
intervention group. Recruitment began in January 2019, and
the last patient was enrolled in September 2021.
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Figure 2. Flow diagram for the Momentum Trial.

Background Characteristics
Tables 1 and 2 present the sociodemographics and background
characteristics of patients and providers, respectively. The
intervention and control groups differed in terms of age and use
of antipsychotic medication, while no between-group differences
were observed in gender, diagnosis, relationship status, level
of education, employment status, duration of received treatment
in OPUS at baseline, or scores on the CDMS questionnaire.

We also assessed the level of agreement between patients and
providers on the WAI-S and CDMS. We observed a significant
difference between the patients and providers on the information
subscale (mean difference 0.33, 95% CI 0.18-0.46; P<.001) and
on the decision-making subscale (mean difference −0.20, 95%

CI −0.27 to −0.12; P<.001). While the mean differences are
rather small, the results suggest that patients have a higher desire
to be provided with information than providers’desire to provide
information. In contrast, patients have a smaller desire to be
active participants in decision-making compared with the
providers’ desire for active participation from the patient.

For the WAI-S scale, we considered an agreement between the
patient and provider if their scores were within 12 points. With
this range of agreement, the weighted Cohen κ was calculated
to be 0.45 at baseline and 0.43 at the postintervention time point,
indicating a stable yet weak level of agreement between patients
and their provider on the working alliance.

There were no between-group differences on the WAI-S or the
CDMS questionnaires.
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Table 1. Sociodemographics and background characteristics of patients.

Overall (N=194)Intervention group (n=96)Control group (n=98)

23.5 (4.1)22.7 (3.7)24.3 (4.3)Age (years), mean (SD)

Gender, n (%)

120 (61.9)65 (67.7)55 (56.1)Woman

65 (33.5)26 (27.1)39 (39.8)Man

9 (4.6)5 (5.2)4 (4.1)Nonbinary

Diagnosis, n (%)

68 (35.1)28 (29.2)40 (40.8)Schizophrenia

102 (52.6)54 (56.3)48 (49.0)Schizotypal

22 (11.3)14 (14.6)8 (8.2)Other nonorganic psychosis

2 (1.0)0 (0)2 (2.0)Schizoaffective

In a relationship, n (%)

100 (51.5)46 (47.9)54 (55.1)Not in a relationship

94 (48.5)50 (52.1)44 (44.9)In a relationship

Level of education, n (%)

3 (1.5)1 (1.0)2 (2.0)Primary school not completed

63 (32.5)34 (35.4)29 (29.6)Primary school completed

128 (66)61 (63.5)67 (68.4)High school or higher completed

Employment status, n (%)

26 (13.4)11 (11.5)15 (15.3)Employed

81 (41.8)47 (49.0)34 (34.7)Student

87 (44.8)38 (39.6)49 (50.0)Unemployed and not a student

Use of antipsychotics, n (%)

133 (68.6)57 (59.4)76 (77.6)Yes

61 (31.4)39 (40.6)22 (22.4)No

Clinical Decision Making Style questionnaire score, mean (SD)

3.3 (0.5)3.3 (0.6)3.3 (0.5)Information

2.1 (0.3)2.1 (0.3)2.1 (0.3)Participation in decision-making

284.54 (151.38)262.10 (149.84)306.52 (150.41)Duration of received treatment in OPUS at baseline (days), mean (SD)
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Table 2. Sociodemographics and background characteristics of providers.

Overall (n=76)

43.1 (10.1)Age (years), mean (SD)

Gender, n (%)

66 (87.0)Woman

10 (13.0)Man

13 (8.2)Experience (years), mean (SD)

Education of provider, n (%)

30 (39.5)Nurse

15 (19.7)Occupational therapist

13 (17.1)Psychologist

11 (14.5)Social worker

2 (2.6)Pedagogue

4 (5.3)Other

1 (1.3)Missing

Clinical Decision Making Style questionnaire score, mean (SD)

3.0 (0.5)Information

2.3 (0.3)Participation in decision-making

Use of Intervention
On the basis of objective data from Monsenso, only 86
participants used the app, meaning that 10 never started using
the app despite being invited to use it. Although the reasons for
this were not explored, there were reports of technical limitations
where the participants’ phones did not support the app.

Owing to the fire accident at OVHcloud, we encountered a
month in which the app was not accessible. To evaluate the
impact of a “pause” in the intervention, we compared app use
for the last 3 months leading up to the fire accident with data
for the 3 months after the system became available again. We
observed that 47% (17/36) of active users did not log back into
the app, and there was a decrease in the number of app sessions
from 1260 to 491 (61%), indicating that the fire accident had
an impact on the participants’ use of the app.

Lost-to-Follow-up
A total of 8.2% (16/194) of participants did not participate at
the postintervention time point (11 participants from the
intervention group and 5 from the control group). The difference
in lost-to-follow-up between groups was mainly due to 4
participants in the intervention group who ended their OPUS
treatment prematurely and 3 participants who refused to
participate at the postintervention time point (vs 2 and 0
participants in the control group, respectively). The most
frequent reason for loss to follow-up in the control group was
not responding to contact (3 participants). According to our
power calculation, we required 180 participants who completed
the baseline and postintervention assessments to reach an
adequate level of power of 0.42. We enrolled 178 participants
who completed both baseline and postintervention assessments;
therefore, we did not reach the level of power we had aimed at.

There was a large discrepancy between the completed
questionnaires and the completed interviews at the
postintervention time point. In the intervention group, 89%
(85/96) completed at least 1 questionnaire, while 56% (54/96)
completed the interview. In the control group, 95% (93/98) pf
participants completed at least 1 questionnaire, while 70%
(69/98) completed the interview.

The percentage of missing values across the 11 outcome
measurements for each participant varied from 0% to 3% at
baseline, and from 8% to 36% at the end of the intervention. In
total, 52.4% of the records were incomplete, meaning that they
had ≥1 missing variables at baseline or after the intervention.
The variables with the highest proportion of missing information
when events were combined were clinical interview data (SAPS,
SANS, GAF, and PSP), where approximately 46% were missing.
For the questionnaire variables, the highest proportion of missing
data was found for the CSQ and PrepDM (approximately 40%
missing data).

Intention to Treat
Tables 3 and 4 show the results of the mid- and postintervention
ITT analyses, while Figure 3 illustrates the effect of the
intervention. The Momentum Trial resulted in a statistically
significant difference between the intervention and control
groups in our primary outcome, CHAI-MH (mean difference
4.39, 95% CI 0.99-7.79; Cohen d=0.33; P=.01), favoring the
intervention group. For the secondary outcomes, there were 2
scales with a minor statistically significant difference: PEPPI
(mean difference 1.85, 95% CI 0.01-3.69; Cohen d=0.24; P=.05)
and PrepDM (mean difference 5.12, 95% CI 0.16-10.08; Cohen
d=0.27; P=.04), both favoring the intervention group. For the
remaining outcome we found no statistically significant
differences between the groups: Hope (mean difference 1.66,
95% CI −0.44 to 3.75; Cohen d=0.20; P=.12), GSE (mean
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difference 1.12, 95% CI −0.32 to 2.57; Cohen d=0.19; P=.13),
WAI-S (mean difference 2.43, 95% CI −0.25 to 5.12; Cohen
d=0.22; P=.08), CSQ (mean difference 0.89, 95% CI −0.13 to
1.91; Cohen d=0.22; P=.09), SAPS-Psychotic (mean difference
−0.2, 95% CI −0.43 to 0.04, Cohen d=−0.20, P=.10), SANS
(mean difference −0.14, 95% CI −0.33 to 0.04; Cohen d=−0.18;
P=.13), SAPS-Disorganized (mean difference −0.02, 95% CI
−0.16 to 0.11; Cohen d=−0.06; P=.71), GAF (mean difference
1.35, 95% CI −1.01 to 3.72; Cohen d=0.13; P=.26), PSP (mean
difference 1.38, 95% CI −0.68 to 3.44; Cohen d=0.13; P=.19).
There were no statistically significant differences between
provider scores WAI-S Provider (mean difference −0.81, 95%
CI −2.5, 0.87; Cohen d=−0.09; P=.34) or SES (MD=−0.10, 95%
CI −0.48 to 0.28; Cohen d=−0.06; P=.60). Finally, we found
no statistically significant difference between the intervention
and control groups in the use of antipsychotic medication at the

postintervention time point (odds ratio 0.46, 95% CI 0.13-1.61;
P=.23).

Data from the Danish National Patient Register revealed no
significant differences between the intervention and control
groups in the mean number of hospitalizations (incidence rate
ratio 0.80, 95% CI 0.27-2.37; P=.69) or length of admission in
days (incidence rate ratio 0.76, 95% CI 0.11-5.53, P=.79). The
incidence rate of hospitalization for the intervention group was
0.11 (95% CI 0.05-0.25), while that for the control group was
0.14 (95% CI 0.07-0.30). The incidence rate of days hospitalized
for the intervention group was 1.60 (95% CI 0.39-6.56), while
that of the control group was 2.10 (95% CI 0.52-8.46)

In terms of contacts to OPUS (eg, consultations), the
intervention group had 2572 contacts (4.47 contacts per person
per month) versus the control group having 2694 contacts (4.58
contacts per person per month), a nonsignificant difference.
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Table 3. Intention-to-treat analyses of primary and secondary outcomes.

Cohen
d

P

valuea

Control groupIntervention groupIntention-
to-treat
analyses

Value, n
(%)

Postinterven-
tion (6
months), mean
(SD)

Midinterven-
tion (3
months), mean
(SD)

Baseline,
mean (SD)

Value, n
(%)

Postinterven-
tion (6
months), mean
(SD)

Midinterven-
tion (3
months),
mean (SD)

Baseline,
mean (SD)

0.33.0198 (100)61.19 (13.5)61.33 (12.59)56.49 (13.66)96 (100)64.91 (13.42)61.04
(12.71)

55.52 (13.20)CHAI-

MHb

0.24.0598 (100)37.36 (8.1)36.54 (7.36)34.93 (8.7)96 (100)38.95 (7.13)35.56 (8.85)34.45 (8.40)PEPPIc

0.20.1298 (100)30.34 (9.29)29.94 (7.71)26.73 (9.12)96 (100)31.80 (7.36)28.53 (6.99)26.04 (9.04)Hope

0.19.1398 (100)26.10 (5.55)25.70 (4.63)23.79 (5.96)96 (100)26.74 (6.08)24.47 (5.74)23.02 (5.44)GSEd

0.22.0898 (100)67.20 (11.88)—66.56 (11.51)96 (100)69.21 (10.28)—f66.08 (10.78)WAI-Se

0.27.0498 (100)64.58 (18.65)—62.57 (18.07)96 (100)66.84 (19.15)—58.33 (18.43)PrepDM

0.22.0998 (100)26.76 (4.27)—26.63 (3.99)96 (100)27.34 (3.83)—26.27 (3.54)CSQg

−0.20.1098 (100)1.59 (1.08)—2.02 (1.19)96 (100)1.42 (0.82)—2.06 (1.11)Psychotic

dimensionh

−0.18.1398 (100)1.51 (0.77)—1.83 (0.93)96 (100)1.36 (0.81)—1.82 (0.92)Negative

dimensioni

−0.06.7198 (100)0.38 (0.44)—0.62 (0.67)96 (100)0.31 (0.38)—0.53 (0.56)Disorga-
nized di-

mensionj

0.13.2698 (100)59.34 (10.34)—53.84 (12.05)96 (100)62.39 (11.06)—56.14 (12.52)GAFk

0.13.1998 (100)60.25 (10.10)—55.36 (11.76)96 (100)63.20 (10.78)—57.42 (12.23)PSPl

−0.09.3498 (100)65.71 (8.25)—64.35 (8.44)96 (100)64.11 (9.30)—63.51 (9.30)WAI-S

(P)m

−0.06.6098 (100)1.96 (1.71)—2.00 (1.65)96 (100)2.34 (1.82)—2.36 (1.91)SESn

aComparison of means between intervention group and control group postintervention.
bCHAI-MH: Consumer Health Activation Health Index–mental health version.
cPEPPI: Perceived Efficacy in Patient-Physician Interactions.
dGSE: General Self-Efficacy.
eWAI-S: Working Alliance Inventory–Short.
fNot available.
gCSQ: Client Satisfaction Questionnaire.
hGlobal item scores of hallucinations and delusions.
iGlobal item scores of affective flattering, alogia, avolition-apathy, and anhedonia.
jGlobal item scores of bizarre behaviors, formal thought disorder and single item score of inappropriate affect.
kGAF: Global Assessment of Functioning.
lPSP: Personal and Social Performance Scale.
mWAI-S (P): Working Alliance Inventory–Short (Provider version).
nSES: Service Engagement Scale.
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Table 4. Intention-to-treat analyses of hospital admissions and use of medication.

P valueaControl groupIntervention groupIntention-to-treat
analyses

Value, n (%)Odds ratio
(95% CI)

IRIRRValue, n (%)Odds ratio
(95% CI)

IRcIRRb

.6998 (100)—0.14 (0.07-
0.30)

1 (reference)96 (100)—d0.11 (0.05-
0.25)

0.80 (0.27-
2.37)

Number of hospi-
tal admissions

.7998 (100)—2.10 (0.52-
8.46)

1 (reference)96 (100)—1.60 (0.39-
6.56)

0.76 (0.11-
5.53)

Number of days
admitted

.2398 (100)1 (reference)——96 (100)0.46 (0.13-
1.61)

——Use of medica-
tion

aComparison of means between intervention group and control group postintervention.
bIR: incidence rate.
cIRR: incidence rate ratio.
dNot available.

Figure 3. Mean scores on the primary outcome (Consumer Health Activation Index for mental health [CHAI-MH]) and selected secondary outcomes;
Perceived Efficacy in Patient-Physician Interactions (PEPPI), PrepDM, and Working Alliance Inventory–short (WAI-S) for intervention and control
groups over time with 95% CIs.

Complete Case Analyses
Table 5 presents the results of the complete case analyses. The
analyses showed similar results, although with larger variation,

as in the ITT analyses; however, the statistically significant
difference between groups on PEPPI was no longer present
(mean difference 1.80, 95% CI −0.05 to 3.64, P=.06).
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Table 5. Complete case analyses of primary and secondary outcomes.

Cohen dP valueaControl groupIntervention groupComplete case
analyses

Postintervention
(6 months)

Midintervention
(3 months)

BaselinePostintervention
(6 months)

Midintervention
(3 months)

Baseline

Value,
n (%)

Value,
mean
(SD)

Value,
n (%)

Value,
mean
(SD)

Value,
n (%)

Value,
mean
(SD)

Value,
n (%)

Value,
mean
(SD)

Value,
n (%)

Value,
mean
(SD)

Value,
n (%)

Value,
mean
(SD)

0.31.0193
(94.90)

61.16
(13.77)

59
(60.20)

60.31
(13.67)

98
(100)

56.49
(13.66)

84
(87.5)

65.02
(13.88)

63
(65.63)

60.60
(13.45)

95
(98.96)

55.54
(13.27)

CHAI-MHb

0.23.0692
(93.88)

37.17
(8.26)

58
(59.18)

36.76
(7.89)

97
(98.98)

35.01
(8.70)

82
(85.42)

39.07
(7.43)

61
(63.54)

35.82
(9.45)

94
(97.92)

34.49
(8.49)

PEPPIc

0.17.1691
(92.86)

30.33
(9.46)

57
(58.16)

28.95
(8.52)

97
(98.98)

26.74
(9.17)

84
(87.50)

31.87
(7.59)

60
(62.50)

28.50
(7.82)

94
(97.92)

26.04
(9.13)

Hope

0.19.1287
(88.78)

25.87
(5.67)

57
(58.16)

25.18
(5.25)

98
(100)

23.79
(5.96)

73
(76.04)

26.70
(6.56)

58
(60.42)

24.22
(6.13)

92
(95.83)

23.01
(5.51)

GSEd

0.20.0980
(81.63)

66.80
(12.42)

——95
(96.94)

66.53
(11.67)

76
(79.17)

69.36
(10.53)

——f91
(94.79)

66.08
(11.02)

WAI-Se

0.26.0485
(86.73)

64.79
(19.47)

——96
(97.96)

62.66
(18.15)

79
(82.29)

66.93
(20.37)

——92
(95.83)

58.42
(18.81)

PrepDM

0.20.0984
(85.71)

26.76
(4.52)

——98
(100)

26.63
(3.99)

74
(77.08)

27.36
(3.99)

——91
(94.79)

26.36
(3.60)

CSQg

−0.17.1569
(70.41)

1.59
(1.12)

——98
(100)

2.02
(1.19)

54
(56.25)

1.40
(0.94)

——96
(100)

2.06
(1.11)

Psychotic dimen-

sionh

−0.20.0765
(66.33)

1.51
(0.85)

——98
(100)

1.83
(0.93)

53
(55.21)

1.17
(0.86)

——96
(100)

1.82
(0.92)

Negative dimen-

sioni

−0.10.4965
(66.33)

0.38
(0.46)

——98
(100)

0.62
(0.67)

53
(55.21)

0.30
(0.43)

——96
(100)

0.53
(0.56)

Disorganized di-

mensionj

0.13.2069
(70.41)

59.88
(11.17)

——98
(100)

53.84
(12.05)

54
(56.25)

65.80
(11.35)

——96
(100)

56.14
(12.52)

GAFk

0.14.1469
(70.41)

60.78
(10.73)

——98
(100)

55.36
(11.76)

54
(56.25)

66.56
(10.43)

——96
(100)

57.42
(12.23)

PSPl

−0.11.2586
(87.76)

65.88
(8.53)

——92
(93.88)

64.34
(8.71)

90
(93.75)

64.09
(9.55)

——92
(95.83)

63.55
(9.48)

WAI-S (P)m

0.06.5586
(87.76)

1.98
(1.80)

——92
(93.88)

2.00
(1.70)

91
(94.79)

2.32
(1.86)

——93
(96.88)

2.35
(1.94)

SESn

—.0969
(70.41)

———98
(100)

—54
(56.25)

———96
(100)

—Use of medicationo

aComparison of means between intervention group and control group postintervention.
bCHAI-MH: Consumer Health Activation Health Index–mental health version.
cPEPPI: Perceived Efficacy in Patient-Physician Interactions.
dGSE: General Self-Efficacy.
eWAI-S: Working Alliance Inventory–Short.
fNot available.
gCSQ: Client Satisfaction Questionnaire.
hGlobal item scores of hallucinations and delusions.
iGlobal item scores of affective flattering, alogia, avolition-apathy, and anhedonia.
jGlobal item scores of bizarre behaviors, formal thought disorder and single item score of inappropriate affect.
kGAF: Global Assessment of Functioning.
lPSP: Personal and Social Performance Scale.
mWAI-S (P): Working Alliance Inventory–Short (Provider version).
nSES: Service Engagement Scale.
oThere was no significant difference (P=.09) in the odds of using antipsychotic medication at the postintervention time point between the intervention
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group compared to the control group (OR 0.36, 95% CI 0.11-1.17).

Explorative Outcomes
Although the aim of the study was to assess the effectiveness
of the intervention after 6 months, we also assessed its
effectiveness after 3 months for selected outcomes to explore
when a potential effect would occur. On the basis of the ITT
analyses and complete case analyses, we found no statistically
significant differences between baseline and midintervention
on CHAI-MH, PEPPI, Hope, or GSE.

Objective data on use of the app revealed that the intervention
group had a mean use of 0.55 log-ins per day during their active
use period (corresponding to roughly one session every second
day). The active use period ranged from 1 day to 180 days, with
a mean of 39 (SD 37.70) days, whereas the mean number of
unique sessions was 23 ranging from 1 session to 148 sessions.
When using the app, participants saw an average of 20 different
screens, ranging from 5 to 28 screen views. Finally, 55% (47/96)
of participants in the intervention group logged in after the first
month. On the basis of the App Rating Questionnaire,
participants were somewhat satisfied with the app (mean score
was 6.36 out of 12), while they rated the app to be of average
quality (mean score was 2.85 out of 5).

Discussion

Principal Findings
This study presents the results of a clinical trial investigating a
digital SDM tool to promote patient activation for people
diagnosed with schizophrenia. The study found a statistically
significant difference in our primary outcome, patient activation,
CHAI-MH (mean difference 4.39, 95% CI 0.99-7.79; Cohen
d=0.33; P=.01), favoring the intervention group. These findings
confirm our hypothesis that a digital SDM tool may promote
patient activation by supporting the collaborative process
between patients and their providers and is in concordance with
recent meta-analyses on the effectiveness of digital SDM
interventions that found these types of interventions to have an
effect on patient activation [11]. The effect size (Cohen d) for
patient activation was 0.33, which may be interpreted as a small
effect size. According to our protocol and power calculations,
we expected to find an effect size of 0.42, thereby not reaching
the anticipated effect. In addition, it is unclear whether this
effect size is clinically relevant. In somatic care, patient
activation has been found to play an important role in improving
quality and health outcomes, where every 10 points in patient
activation were associated with a 1% decreased probability of
visiting an emergency unit, being obese, or smoking [29]. The
mean difference in our trial was 4.39 and somewhat far off the
10 points found in the study by Greene and Hibbard [29].
However, such studies have not been conducted in mental health
care and are needed to better assess the minimal clinical
relevance of people with a mental health condition having higher
levels of patient activation. However, as argued in the trial by
Hamann et al [2], SDM interventions can improve the feeling
of being involved in one’s treatment, which may be particularly
useful for people feeling involuntarily treated or those who
refuse treatment due to a lack of insight in their care.

Our intervention also had an effect on 2 secondary outcomes:
PEPPI and PrepDM. Although these results were close to the
0.05 cut-off level, they favored the intervention group, similar
to our primary outcome. In addition, for the complete case
analyses, we found a statistically significant difference in
PrepDM, favoring the intervention group. Thus, our trial
indicates that a digital SDM tool is effective in improving patient
activation, feeling prepared for decision-making, and confidence
in communicating with one’s provider.

Although none of the other secondary outcomes had a
statistically significant effect, most secondary outcomes favored
the intervention group. One unexpected finding was that we did
not find a statistically significant effect on satisfaction since
SDM has been strongly advocated as a process to increase
patient satisfaction with treatment. However, similar to other
trials, we encountered a ceiling effect on the CSQ scale, with
44.8% (87/194) of participants scoring ≥29 out of 32 [30].

Despite the difference in self-perceived patient activation, we
found no difference in how providers perceived their patients’
level of engagement via the SES (mean difference −0.10, 95%
CI −0.48 to 0.28; Cohen d=−0.06; P=.60). It may be intuitive
to assume that increased levels of patient activation are
associated with an increase in providers’perceptions of patients’
level of engagement. However, studies have found that some
providers find it challenging when patients become more active
and ask questions that the provider might not always have an
answer to [31]. This highlights that while promoting patient
activation may be beneficial for the patient, it may also be
important to consider how the provider responds to a suddenly
more active and engaged patient and whether the provider needs
support in adapting to this change. Another potential explanation
for why providers seemingly did not report a difference in the
group level of activation could be that the mean difference
between the groups’ CHAI-MH scores was too small for the
providers to distinguish.

Although our intervention was a digital SDM tool, we did not
include a specific SDM outcome measurement. This is due to
our conceptual definition of SDM, defining SDM as a process
rather than an outcome, and the limitation of relevant SDM
measurements. While specific SDM measurements have been
developed, many of these measurements are focused on a
concrete decision (eg, my provider and I chose a treatment
option together) rather than on the process of SDM. Challenges
in measuring SDM have previously been identified, and
measurements to evaluate the SDM process with adequate
psychometric properties are needed [32].

On the basis of the explorative midintervention assessment, the
difference in patient activation between the groups occurred
between the mid- and postintervention assessment. Each group
had a similar increase in CHAI-MH score from baseline to the
midintervention assessment, with no between-group differences.
However, only the intervention group continued to increase
their CHAI-MH scores from during the intervention to after the
intervention, resulting in a statistically significant difference
between the 2 groups. This may indicate that the effect of a
digital SDM tool may not occur quickly but instead requires
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time to develop an effect. What seems contradictory is that data
on app use indicate that approximately half of the participants
stopped using the app after 1 month. These explorative findings
suggest that participants who stopped using the app before the
end of the intervention may still have benefited from it.

Our intervention group encountered both barriers and difficulties
in acquiring and using an app in combination with their
treatment. First, 10 participants were invited to use the app but
never open it. Although we did not explore the reasons for this,
there were reports of technical limitations (eg, the phone system
did not support the app). The study was also affected by the fire
accident at OVHcloud. Around half of the users who had used
the app before the accident did not log in after the system
became available again, while the mean use of the app also
decreased. The magnitude of such accident is rare but does
highlight a vulnerability to digital systems while also
highlighting a challenge in re-engaging participants after a
“pause” from an intervention. It also questions whether the
effect of the digital SDM tool could have been greater if these
limitations had been avoided.

Strengths and Limitations
This study had several strengths. First, we included and assessed
both patients and their providers to acknowledge the importance
of both in the process of SDM. Second, the study had a large
sample size with a low level of lost-to-follow-up on our main
outcome. Third, the study had a pragmatic nature, in which the
use of the system would be similar to how it would be used in
practice outside of the trial. Therefore, the results should be
generalizable to other similar services.

However, this pragmatic approach is limited in terms of support
for participants. Participants who encountered an issue with the
app were instructed to ask their provider for assistance who
were then able to consult with a blinded student assistant or an
IT supporter. This placed a large responsibility on the provider.
If the provider did not resolve the situation or contact support,
the patient could be prone to stop using the app. A recent study
highlighted that with the rapid development and use of digital
tools in mental health care, educational efforts are needed to
strengthen the clinician’s knowledge and skills regarding these
tools [33]. Future trials investigating a digital system are
encouraged to carefully consider how participants (patients and
providers) are supported in the case of issues or barriers.

During our recruitment, we randomized patients to either the
control or intervention group, meaning that providers were able
to have patients in both groups. This creates a risk for a
contamination effect, as providers were able to use elements
from the intervention with patients in the control group. One
way to address this would have been to randomize at the
clinician or clinic level to avoid providers having participants
in each group. Doing so would potentially have made it more
difficult to recruit participants unless they could have been to
assign patients to a waitlist. However, this was not possible in
this trial.

This recruitment process may challenge the generalizability of
the study. The vast majority of participants were recruited by
providers to inform patients about the study. Although providers

were strongly encouraged to ask all of their patients about the
research project, providers were able to, on their own, select
which patients to inform about the study. Providers may have
been more prone to ask patients they assume would use a
smartphone app or patients whom the provider believed were
able to participate in such a trial. This recruitment process may
have affected the distribution of the study participants’
characteristics, such as gender, diagnosis, or use of antipsychotic
medication. For example, the level of functioning of the included
participants was significantly higher in our sample than in a
sample from a previous OPUS project [34]. Furthermore, this
selection by the provider may show a lack of SDM between the
patient and provider in which the provider decides whether to
inform the patient about the research project, thereby not giving
the patient a say when making the decision about participating
in the study.

During the trial, researchers routinely made providers aware of
the project by being physically present at the clinic. However,
the COVID-19 pandemic added another challenge, in which it
was not possible to be as present at the clinic as usual. However,
with the pandemic, health care and many other areas saw an
increased use of digital systems and how quickly we can adopt
these systems into practice. eHealth provides an approach to
care when in-person services are troublesome [33]. Moving
forward, stakeholders and practitioners are encouraged to adopt
e–mental health care tools to offer a more blended care plan
[35].

Although the level of lost-to-follow-up on our primary outcome
was low (<10%), we observed that the intervention group had
a higher number at the postintervention time point than the
control group, which may have biased our results. In addition,
the higher number of participants lost to follow-up in the
intervention group may be caused by boredom or dissatisfaction
with the tool. However, disengagement can also be interpreted
as a potentially harmful outcome of using a digital SDM tool.
However, the absolute numbers of lost-to-follow-up were
relatively low, and the reasons in the intervention group were
mostly due to ending OPUS treatment prematurely. Another
potential bias in the trial was the fact that a majority of outcomes
(including the primary outcome) were self-reported, and as
participants were not blinded, this could introduce a bias by
overestimating the true effect size.

Conclusions
The Momentum Trial had a significant beneficial effect on the
primary outcome, patient activation, at the postintervention time
point (mean difference was 4.39 point favoring the intervention
group with 95% CI 0.99-7.79; Cohen d=0.33; P=.01). The effect
size was smaller than the 0.42 effect size that we had anticipated
and sampled for. The intervention was also effective in
improving secondary outcomes: confidence in communicating
with one’s provider and feeling prepared when making treatment
decisions. Despite our hypothesis, the Momentum Trial had no
effect on hope, treatment satisfaction, working alliance, or
clinical outcomes.

The Momentum Trial strengthens the existing evidence by
demonstrating that digital SDM interventions can be effective
in supporting patients to feel active and engaged in their
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treatment. This intervention had important limitations that should be considered in future trials.
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Related Article:
 
Correction of: https://www.jmir.org/2022/8/e38443
 

(J Med Internet Res 2022;24(10):e42716)   doi:10.2196/42716

In “Racial Bias Beliefs Related to COVID-19 Among Asian
Americans, Native Hawaiians, and Pacific Islanders: Findings
From the COVID-19 Effects on the Mental and Physical Health
of Asian Americans and Pacific Islanders Survey Study
(COMPASS)” (J Med Internet Res 2022;24(8):e38443), two
errors were noted.

In the originally published article, author Linda G Park was
inadvertently left out of the authorship, and the order of authors
was listed as follows:

Van Ta Park, Janice Y Tsoh, Marcelle Dougan, Bora
Nam, Marian Tzuang, Quyen N Vuong, Joon Bang,
Oanh L Meyer.

In the corrected article, author Linda G Park is listed as the sixth
author, and the order of authors has been updated as follows:

Van Ta Park, Janice Y Tsoh, Marcelle Dougan, Bora
Nam, Marian Tzuang, Linda G Park, Quyen N Vuong,
Joon Bang, Oanh L Meyer.

In the originally published article, the phone number of the
Corresponding Author was incorrect. The phone number has
been corrected to:

1 415 514 3318

The correction will appear in the online version of the paper on
the JMIR Publications website on October 31, 2022, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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Abstract

Background: In recent years, the COVID-19 pandemic has brought great changes to public health, society, and the economy.
Social media provide a platform for people to discuss health concerns, living conditions, and policies during the epidemic, allowing
policymakers to use this content to analyze the public emotions and attitudes for decision-making.

Objective: The aim of this study was to use deep learning–based methods to understand public emotions on topics related to
the COVID-19 pandemic in the United Kingdom through a comparative geolocation and text mining analysis on Twitter.

Methods: Over 500,000 tweets related to COVID-19 from 48 different cities in the United Kingdom were extracted, with the
data covering the period of the last 2 years (from February 2020 to November 2021). We leveraged three advanced deep
learning–based models for topic modeling to geospatially analyze the sentiment, emotion, and topics of tweets in the United
Kingdom: SenticNet 6 for sentiment analysis, SpanEmo for emotion recognition, and combined topic modeling (CTM).

Results: We observed a significant change in the number of tweets as the epidemiological situation and vaccination situation
shifted over the 2 years. There was a sharp increase in the number of tweets from January 2020 to February 2020 due to the
outbreak of COVID-19 in the United Kingdom. Then, the number of tweets gradually declined as of February 2020. Moreover,
with identification of the COVID-19 Omicron variant in the United Kingdom in November 2021, the number of tweets grew
again. Our findings reveal people’s attitudes and emotions toward topics related to COVID-19. For sentiment, approximately
60% of tweets were positive, 20% were neutral, and 20% were negative. For emotion, people tended to express highly positive
emotions in the beginning of 2020, while expressing highly negative emotions over time toward the end of 2021. The topics also
changed during the pandemic.

Conclusions: Through large-scale text mining of Twitter, our study found meaningful differences in public emotions and topics
regarding the COVID-19 pandemic among different UK cities. Furthermore, efficient location-based and time-based comparative
analysis can be used to track people’s thoughts and feelings, and to understand their behaviors. Based on our analysis, positive
attitudes were common during the pandemic; optimism and anticipation were the dominant emotions. With the outbreak and
epidemiological change, the government developed control measures and vaccination policies, and the topics also shifted over
time. Overall, the proportion and expressions of emojis, sentiments, emotions, and topics varied geographically and temporally.
Therefore, our approach of exploring public emotions and topics on the pandemic from Twitter can potentially lead to informing
how public policies are received in a particular geographical area.

(J Med Internet Res 2022;24(10):e40323)   doi:10.2196/40323
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Introduction

The crisis of the COVID-19 pandemic has influenced the whole
world on an enormous scale, causing most countries to deal
with an unprecedented situation. The societal consequences due
to lockdowns were tremendous on all levels. The pandemic
caused most countries to impose various stages of restrictions
on moving, traveling, and gathering to contain the outbreak of
infection. Such restrictions changed how people used to work,
socialize, shop, travel, etc, leading to various behavioral and
societal changes to deal with the situation (eg, working from
home, fear of social interaction, isolation, loneliness). Because
of this unprecedented societal change, it was important for
policymakers to understand people’s state of mind to help
institutions, governments, and individuals navigate through the
pandemic [1-4].

Traditionally, policymakers used questionnaires to capture
public opinion toward major events, but there are disadvantages
limiting the effectiveness of such methods of evidence gathering
due to bias caused by spatiotemporal granularity and sample
sizes. Recently, social media have become an important vehicle
of gathering information and evidence about public opinion.
Twitter is a popular social media platform with more than 19
million users in the United Kingdom [5], where there are many
discussions and opinions about topics related to COVID-19.
Previous studies show that Twitter can yield important public
health information and has broad applicability for public health
research, including medical well-being and tracking infectious
disease outbreaks [6,7]. Therefore, to address the evidence gap
from traditional surveys, Twitter data can be used to supplement
data gathering, and to understand public opinion on pandemics
[8,9] and reactions to the COVID-19 outbreak [10].

There is a growing body of research that has recently focused
on the COVID-19 pandemic with respect to different attributes,
including sentiment, emotions, and topics [11-16]. Kleinberg
et al [11] built the COVID-19 Real World Worry Dataset, which
is based on a direct survey written by 2500 participants who
reported their feelings while writing. Gupta et al [13] created
another COVID-19 data set from Twitter by using a set of
keywords related to the pandemic, as well as analyzing
sentiment and topics as additional attributes to emotion. For
instance, there are some analyses of COVID-19 vaccine–related
discussions on Twitter or Reddit based on sentiment analysis
and topic modeling in different countries, including the United
States [17-19], Canada [20], the United Kingdom [18], Saudi
Arabia [21], and Australia [22].

Sentiment represents the attitude and feelings expressed by
people. Sentiment analysis determines and interprets whether
online posts collected from social media are positive, neutral,
or negative, and helps to gain better insight into public
perceptions and attitudes. Sentiment analysis can also help to
understand how information spreads on social media: a tweet
with positive/negative sentiment generates another tweet with

the same or opposing sentiment [23]. Sentiment analysis has
been used for many practical applications, including financial
analysis, politics, health prediction, and health care service
improvement [24]. For instance, by analyzing public messages,
sentiment analysis can be used by health practitioners to
understand potential obstacles to population-based intervention
approaches such as COVID-19 vaccination. In addition,
analyzing patients’ online reviews of different treatments can
improve patient satisfaction [25].

Emotion detection from social media plays an important role
in monitoring health and well-being [26]. Clinicians and health
professionals also benefit from emotion analysis to understand
public emotions and public health changes in perception of an
intervention (ie, vaccine). Emotion detection systems have been
used for alerting public health practitioners, for monitoring
mental health patients [27], suicide prevention [28], and adverse
drug reactions [29]. Some works utilized emotion-based features
to specifically detect adverse drug reactions reported by users
on social media, which can guide health professionals and
pharmaceutical companies in making medications safer and
advocating for patient safety [30-32]. Moreover, the idea of
emotional contagion can further play a crucial role in either
improving the overall well-being of users or preventing them
from developing mental health problems. Kramer et al [33]
stated that emotions can be transferred to others through
emotional contagion. Emotional contagion makes people
experience similar emotions, even if they are not aware of their
emotional changes. On the one hand, other works found a strong
link between people’s mental health problems (ie, depression
and anxiety) and the outbreak of COVID-19 due to the intense
exposure to negative content on social media [34,35]. On the
other hand, one can also expose people to positive or desired
emotions (eg, calm, joy, optimism, and rest) to improve their
overall well-being [33].

Besides sentiment analysis and emotion detection, topic
modeling is an important text analysis technology by grouping
texts into different themes. Most models can find hidden topics
without supervision, and therefore do not require training on
specific data with predefined topics, which makes this approach
suitable for analyzing social media data to determine what
people are talking about on these platforms. Topic modeling
has been used for many health applications during the
COVID-19 pandemic [36], such as monitoring people’s
concerns, predicting COVID-19 cases, and analyzing
government responses. Topic modeling has played a crucial
role in health information surveillance and public opinion
monitoring [37].

Given the growing interest of research in understanding people’s
opinions and emotions regarding the pandemic [37], the
objective of this study was to use deep learning–based methods
to understand public emotions on topics related to the
COVID-19 pandemic in the United Kingdom through a
comparative geolocation and text mining analysis on Twitter.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40323 | p.748https://www.jmir.org/2022/10/e40323
(page number not for citation purposes)

Alhuzali et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Specifically, we utilized three advanced deep learning–based
methods (ie, SenticNet [38], SpanEmo [39], and combined topic
modeling [CTM] [40]), and then performed our analysis on a
data set collected from Twitter to explore people’s sentiment,
emotions, and topics toward COVID-19. We further included
analyses of these attributes focused on understanding the impact
of the pandemic over time. The overall goal of this study was
to automatically capture the impact COVID-19 had on the UK
population using emotion detection, sentiment analysis, and
topic modeling.

Methods

Data Source
To develop our corpus, we used the Twitter application
programming interface by collecting data via the use of several
bounding boxes over multiple cities in the United Kingdom.
We further used a list of keywords that are of relevance to the
pandemic (eg, coronavirus, sars19, covid19, and NHS [National
Health Service]). The data covered the period of the last 2 years
(ie, 2020 and 2021). To acquire location labels on the data, we
used the Python geocoding library “geopy” [41], which helps

locate the coordinates of addresses (eg, Oxford Rd, Manchester
M13 9PL), cities (eg, Manchester), countries (eg, United
Kingdom), and landmarks (in the form of latitude and longitude
coordinates) based on third-party geocoders and several other
data sources. More specifically, we use “Nominatim” [42] as a
third-party tool. As a result, we acquired a total of 516,427
tweets from 48 cities in this study.

The number of tweets per city and emoji is shown in Table 1
and Multimedia Appendix 1, respectively. We further highlight
the 9 cities that were used for our analysis: Birmingham, Bristol,
Leeds, Leicester, Liverpool, London, Manchester, Nottingham,
and Sheffield. It is worth mentioning that these 9 cities are also
among the top populated cities in the United Kingdom [43].
This shows that there is a link between the population size and
the number of posted tweets from a given geolocation area.
Multimedia Appendix 1 displays the top 50 tweets (according
to percentage) associated with each individual emoji and its
meaning, highlighting the usage of emojis expressing different
health issues (eg, virus, face with medical mask, syringe, or
vaccine) and mental health conditions (eg, hands pressed
together).
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Table 1. Number of tweets per city in the United Kingdom.

Population, nTweets, nCity

105,7301698Bath

1,159,88821,120Birminghama

121,4751092Blackburn

368,4854980Bradford

245,50410,092Brighton

580,19910,338Bristola

149,1556894Cambridge

64,4952292Canterbury

74,5361098Carlisle

119,4683894Chelmsford

87,8813516Chester

31,881864Chichester

388,7936072Coventry

264,4303503Derby

56,9209414Durham

340,3414914Ealing

20,333432Ely

127,7093360Exeter

148,1671740Gloucester

64,0371134Hereford

287,7055286Kingston

441,2903156Kirklees

52,935876Lancaster

516,29811,628Leedsa

472,89719,818Leicestera

34,686792Lichfield

107,4344614Lincoln

589,77415,876Liverpoola

9,088,994111,667Londona

222,0432658Luton

567,33425,260Manchestera

290,6889642Newcastle

230,0703954Northampton

199,2454290Norwich

320,53611,827Nottinghama

179,3492054Peterborough

240,2972736Plymouth

248,7484878Portsmouth

100,0953816Preston

310,3303227Redbridge
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Population, nTweets, nCity

15,971138Ripon

114,5111415Rochdale

111,158198Rotherham

125,9838034Salford

557,03915,582Sheffielda

270,3337806Southampton

101,8163492Worcester

164,9345748York

aTop nine cities used in subsequent analyses.

Methodology
To preprocess the data, we used the “ekphrasis” tool designed
for the specific characteristics of Twitter (ie, misspellings and
abbreviations) [44]. The tool provides different functionalities
such as tokenization, normalization, and spelling correction.
We utilized the tool to tokenize the text; convert words to
lowercase; and normalize user mentions, URLs, and repeated
characters. Once the preprocessing step was complete, we fed
the data through three models: (1) a textual emotion deep
learning–based recognition model, (2) a deep learning–based
sentiment model, and (3) a neural network topic model. Figure
1 depicts our pipeline, in which we provide an illustration of
the three deep-learning models.

We used SenticNet 6 [38] for sentiment analysis, since this
model has achieved better performance than other machine
learning–based sentiment analysis methods. SenticNet 6 can
provide sentiment scores (between –1 and 1) for approximately
200,000 common-sense concepts by using both symbolic models
(ie, logic and semantic networks) and subsymbolic methods
with deep learning architectures to encode the meanings and
syntactic relations. We then added up the sentiment scores of
each concept in the post and used two basic linguistic patterns
(negation and adversative patterns) [45]. For example, if the
patterns are not used, “The television is old but rather not
expensive” could be wrongly classified although both “old” and
“expensive” are negative. Finally, we calculated the sentiment

polarity of each post automatically. We divided our data into
five categories based on the following score range: strong
negative (–1 to –0.5), weak negative (–0.5 to –0.1), neutral (–0.1
to 0.1), weak positive (0.1 to 0.5), and strong positive (0.5 to
1).

The emotion recognition model is based on our deep
learning–based model “SpanEmo” [39] that is designed for
multilabel emotion classification. This model is specifically
trained on the SemEval-2018 multilabel emotion classification
data set [46], labeled with multiple emotions classes (ie, anger,
anticipation, disgust, fear, joy, love, optimism, pessimism,
sadness, surprise, and trust). SpanEmo focuses on both learning
emotion-specific associations and integrating their correlations
into the training objective. Since SpanEmo achieved strong
performance for the task of multilabel emotion classification,
we decided to use it to generate predictions for our data. It
should be mentioned that only examples with high predictions
are retained.

Last, for topic modeling, we used CTM [40]. This model
incorporates contextualized document embeddings into neural
topic models to produce more coherent and meaningful topics.
Because the evaluation results on five publicly available data
sets illustrate that the performance achieved by CTM is better
than traditional latent Dirichlet allocation [47] topic models and
other neural models, we employed CTM to extract the topics
and their associated words from our data.

Figure 1. Overview of our pipeline. CTM: combined topic modeling.
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Ethical Considerations
Since our data were collected from Twitter, we followed
Twitter’s terms of service and strict ethical research protocols
similar to the guidelines [48], protecting the privacy and security
of personal data. It should be mentioned that our study was
focused on the tweet level; we do not anticipate any negative
ethical impact from our analysis. However, we believe that these
results provide insights into people’s emotions and topics among
different cities in the United Kingdom during the COVID-19
pandemic.

Results

Words Associated With Emotions
We performed different types of analyses focused on sentiment,
emotion, and topic modeling of the COVID-19 online data sets.
First, we analyzed emotion-words and topic-words associations
where both demonstrate the relationship between words and
their respective emotion label and topic. We then analyzed
where the location is given, and where the impact of COVID-19
on different cities in the United Kingdom is discussed.
Furthermore, an analysis of time-based features was undertaken,
focusing on showing the impact of COVID-19 over time.
Finally, we analyzed instances from our data that discuss the
benefits of considering sentiment, emotion, and topical analysis
in understanding the concerns of people during the pandemic
in the United Kingdom.

Table 2 presents the top 6 words associated with each emotion
and learned by SpanEmo. More detailed information on how
to generate these words is provided by Alhuzali and Ananiadou
[39]. There were words that are indicative of both the
corresponding emotion as well as the COVID-19 pandemic.
For instance, the words “death” and “spread” were highly
associated with the emotion class fear, whereas words such as
“vaccine” and “support” were highly associated with the
emotion class anticipation. This is intuitive since some words
directly express emotion (eg, angry, afraid, and glad), while
other words indirectly express emotion (eg, accident, failure,
and birthday). We also observed that some emotion classes
shared similar words, especially those that belong to the same
valence space [49]. The analysis presented in Table 2
demonstrates that it is possible to understand the impact of
COVID-19 with the help of emotion analysis and the concerns
of people during the pandemic.

We extracted topics using CTM. Table 3 summarizes the top
18 topics extracted as well as the top 5 associated words per
topic. We noticed that there were many different topics
mentioned by users, ranging from those related to COVID-19,
such as epidemic control, government policies, and vaccination,
to indirectly related subjects such as work, online, and social
networking. For example, topic 1 (t1) contains some words
about gratitude (ie, grateful, thank), which is related to the
attitude toward social support and vaccination. Topic 3 (t3) is
about the discussion during the pandemic, topic 10 (t10) centers
on the serious consequences of COVID-19 (die, killing), and
topic 8 (t8) reveals occupational patterns.

Table 2. The top 6 words associated with each emotion class, predicted by SpanEmo.

Associated wordsEmotion class

Negative emotions

death, think, public, virus, don’t, againstAnger

deaths, virus, against, because, public, afterDisgust

deaths, spread, symptoms, coronavirus, identify, self-reportingFear

deaths, going, cases, hospital, other, pleaseSadness

sadly, family, friend, during, weeks, passedPessimism

Positive emotions

support, vaccine, first, working, public, casesAnticipation

great, thank, support, happy, amazing, staysafeJoy

trust, thank, protect, important, community, everyoneTrust

happy, loved, share, beautiful, wonderful, amazingLove

please, thank, support, working, great, spreadOptimism

shocking, surprised, amazing, public, absolutely, deathsSurprise
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Table 3. Topics extracted using combination topic modeling and the top 5 associated words per topic.

Associated wordsTopic

thank, grateful, proud, amazing, heroest1

class, sign, trade, worldwide, holdt2

discuss, blog, discussion, recovery, opportunitiest3

united, fitness, kingdom, complete, imaget4

episode, tune, film, videos, radiot5

rear, accord, whack, discomfort, fillst6

vaccination, vaccine, dose, drug, boostert7

letter, homes, worker, pay, privatet8

visit, eye, tweet, click, websitet9

die, dying, true, killing, causet10

confirmed, total, English, wales, reportst11

rear, accord, jeopardise, unknowingly, discomfortt12

lies, cummings, press, leader, primet13

coronavirus, pandemic, outbreak, instagram, outbreakt14

masks, wear, face, hand, coveringt15

slow, thread, implement, testandtrace, symptomt16

couple, havent, felt, daughter, holidayt17

stay, loved, tough, pray, healthyt18

Analysis of Location
Figure 2 shows the number of emojis across a sample of UK
cities, where the sample consists of the top 9 cities in our data,
more specifically those that had the highest number of tweets
(Table 1): Bristol, Birmingham, Leicester, Leeds, Liverpool,
London, Manchester, Nottingham, and Sheffield. The emoji set
included the following topics: virus, face-mask,
thumbs-up/-down, broken heart, and others. The proportion of
emojis differed from city to city. For example, usage of the
syringe, or known today as the COVID-19 vaccine emoji, was
high in Liverpool; the thumbs-down emoji was high in
Birmingham; and the mask emoji was highly used in London
and Liverpool. These emojis are relevant to the COVID-19
pandemic, demonstrating the benefits of our data in mining and
analyzing social data such as Twitter for a better understanding
of the impact of the pandemic on people from different areas
in the United Kingdom.

In Figure 3, we present the proportions of five sentiments (strong
positive, weak positive, neutral, weak negative, and strong
negative) in the top 9 cities in our data in terms of their number
of tweets. We can observe that approximately 60% of tweets
were positive and 20% were negative in each city. At the same
time, the percentage of tweets with different sentiments differed
among these cities. For example, Leeds had a relatively high

proportion of strong negative tweets and Sheffield had a
relatively low proportion of strong positive tweets.

In Figure 4, we present the distribution of emotion expressions
across the top 9 cities in our data. It can be observed that these
9 cities shared quite similar distributions, although the
proportion differed from emotion to emotion. For instance,
“optimism” and “anticipation” were the most frequently
expressed emotions. We also noted some mixed emotions such
as joy, disgust, and anger, which are reasonable feelings to be
expressed during the COVID-19 pandemic. Interestingly, the
proportion of trust expressions was extremely low, which could
be linked to the lack of trust in decision-makers to deal properly
with the situation due to the high infection rates. It is noteworthy
that the proportion of trust expressions has been found to be
generally scarce on Twitter in previous work [50,51].

In addition, we also counted the proportion of 10 topics in
different cities, as shown in Figure 5. Similar topics received
different degrees of attention in different cities. For instance,
the main topic discussed in Leicester was t2 (trade, worldwide),
which revealed that the public is more concerned about
international trade. In London, the residents talked more about
t4 (kingdom, united) than in other cities. In addition, Sheffield’s
population focused more on the death topic given the higher
proportion of t10 (die, killing) than found in the other cities.
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Figure 2. The number of emojis used across a sample of UK cities.

Figure 3. The distribution of sentiment expressions across a sample of UK cities.
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Figure 4. The distribution of emotion expressions across a sample of UK cities.

Figure 5. The distribution of topic expressions across a sample of UK cities. See Table 3 for a description of topics t1-t10.

Analysis of Time
With time, the situation of the epidemic has changed, reflecting
the level of concern about the epidemic. Figure 6 displays the
number of tweets related to COVID-19 from January 2020 to

December 2021. We can observe a sharp increase in the number
of tweets from January 2020 to February 2020 (approximately
100,000 tweets), mainly due to the outbreak of COVID-19 in
the United Kingdom. There was a gradual decline in the number
of tweets as of February 2020, suggesting that people became
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less concerned about the epidemic. Moreover, the overall
number of tweets was relatively low in 2021. With identification
of the COVID-19 Omicron variant in the United Kingdom in
November 2021, the number of tweets posted increased.

Figure 7 presents the emotion expressions over time, covering
the 2 years (ie, 2020 and 2021). We noticed that the distribution
changed with time. In the beginning of 2020, almost all emotion
labels displayed high peaks of expressions, with some obviously
higher than others, such as optimism. As time progressed, the
number of posted tweets containing emotions decreased, but
the emotion distributions had dramatically changed from being
highly positive to negative. This trend progressed until reaching
the end of 2021. For instance, disgust, sadness, and hopelessness
were among the top expressed emotions during this period,
which were reasonable emotions to be expressed during this
period since the number of cases and deaths increased [52].

Figure 8 shows the change in topics (among 10 selected topics)
of all tweets between February 2020 and November 2021. We
can see that the change is relatively significant. In April 2020,
many tweets expressed gratitude to heroes of local councils for
the epidemic, given the highest frequency of messages related
to t1 (grateful, thanks). In addition, due to advances in vaccine
research and an increase in the number of people vaccinated,
the number of tweets referring to t7 (vaccination) relatively
increased, and reached the highest value in January 2021.
Interestingly, there were many tweets related to t5 (film, videos)
because of the emergence of films with special significance,
such as A Beacon of Hope: The UK Vaccine Story and One Year
On: A pandemic poem for Londoners. For example, someone
posted “What an honour to be filmed by @BBCLondonNews
reading this part of our One Year On, poem marking the
anniversary of the 1st lockdown.”

Figure 6. Number of tweets related to COVID-19 from January 2020 to December 2021. Each colored line represents a specific year (ie, red represents
2020, while orange represents 2021).
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Figure 7. Number of tweets with different emotion expressions from 2020 to 2021.

Figure 8. Number of tweets with different topic expressions from 2020 to 2021. See Table 1 for the descriptions of topics t1-t10.

Analysis of Examples
Multimedia Appendix 2 presents 9 instances from our data,
each of which is linked to different attributes (ie, emotions,
emojis, sentiment, and topics), demonstrating interesting
findings that highlight the benefits of these attributes to the
understanding of people’s reactions with respect to the

pandemic. Here, we describe some use cases of emojis in tweets
that were commonly observed across our data. Examples 1 and
3 display the use of emojis that are related to vaccine-taking
(syringe emoji) and feeling strong/protected (muscle emoji).
These two examples suggest that being vaccinated can make
people feel strong and protected against the COVID-19 disease.
Other examples (ie, Examples 4 and 5) discuss flight
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cancellation (airplane emoji), causing people to miss their
already planned trips and holidays. Example 5 also discusses
the potential of being able to travel again once the COVID-19
vaccine has been taken. A further example illustrates the benefits
of developing volunteering programs that can assist hospitals
and communities in fighting the COVID-19 crisis. Furthermore,
the mask emoji was used in different ways, depending on the
context (eg, lockdown for a long period).

From the perspective of sentiment, different tweets expressed
different sentiments (including positive, neutral, and negative
sentiments). Example 3 discusses that the second COVID-19
vaccine had been successfully administered and Example 9
praises community groups for their help and support, both of
which show strong positive sentiment from the users. Example
7 expresses negative sentiment since the user could not see her
relatives due to the epidemic. Some other examples (ie,
Examples 1, 2, 5, 6, and 8) generally express positive attitudes
during the pandemic by introducing vaccination, lockdown, or
volunteers. In addition, Example 4 shows an instance that
expresses mixed sentiment (positive and negative), although it
was labeled by SenticNet as neutral. However, SpanEmo
identified some mixed emotions, which helps to overcome the
limitation of SenticNet in dealing properly with expressions
having mixed sentiments or emotions.

Multimedia Appendix 2 also shows the top 3 topics for each
example according to the probability calculated based on CTM.
Examples 1, 3, and 5 belong to t7, which dominates the
discussion of vaccination and boosters. Examples 4, 7, and 8
express the users’ attitudes and moods toward the impact of
COVID-19 on their lives, and thus all of these were classified
as t18. Examples 3 and 6 also belong to t1 (related to gratitude)
because of the appearance of “thank you.” Moreover, discussion
or usage of social media (t3) was expressed in some tweets (eg,
Example 9).

Discussion

Principal Findings
This study explored more than 500,000 tweets related to
COVID-19 between January 2020 and December 2021 in
different cities of the United Kingdom, where the number of
tweets increased dramatically following the outbreak. We used
three deep learning–based models to analyze and combine
sentiments, emotions, and topics to identify the key public
concerns during the pandemic. Through our analysis, we found
that emotion analysis can support understanding of people’s
opinions and attitudes during the COVID-19 pandemic.
Meanwhile, taking geolocation information into account can
reveal differences between different areas in the United
Kingdom. The overall sentiment was positive over time, and
optimism was the predominant emotion, suggesting that people
tend to be optimistic about the situation. There were changes
in the sentiments, emotions, and topics expressed on Twitter as
the epidemiological situation and government policies changed
(eg, vaccination, social distancing) over these 2 years, which
also reflect changes in people’s attitudes.

The benefits of the selected attributes for gathering evidence
about people’s reactions during the pandemic in the United
Kingdom were also identified. These attributes include emotion,
sentiment, emojis, and topic modeling. This analysis
demonstrated that such attributes can help gather evidence and
analyze interactions between people during the pandemic. The
first attribute was emotion, which can serve as a guide in
understanding people’s reactions. For example, some people
express concerns about COVID-19 for multiple reasons such
as (1) taking a longer time to be resolved than expected, (2)
cancelling or changing plans, (3) traveling restrictions, (4)
wearing masks, and (5) isolation and lack of contact from family
and friends. Others express some positive reactions and potential
solutions for dealing with the pandemic, including family
support, being inoculated with vaccines, staying at home or
wearing masks, and volunteering. The second attribute was
emojis, which describe the overall expression in the text, similar
to topic modeling in the sense that both refer to the topics
expressed in tweets. This provides another dimensionality for
emojis, which have been used as a surrogate to collect emotion
data [53,54]. Although this point is interesting to observe
through this work, we leave it for future work to be investigated
in greater depth.

Sentiment analysis is also useful to gain insight into the public
opinion and perception behind certain events. By analyzing the
sentiments in our data, we found that most people have had a
positive attitude during the pandemic, which matches the
conclusion of previous research [55], since they often post
information related to good policies such as social support and
vaccination to boost confidence in the fight against COVID-19.
Definitely, some people still expressed worry about the outbreak
and developed negative feelings due to the deaths, isolation,
and lockdown policies, which affected their normal lives.

From the topics extracted, we found that there are many distinct
topics people focus on, including symptoms of COVID-19,
vaccination, social media, government policies, and living
conditions. The changing themes of social media reveal the
impact of COVID-19 on people’s lives, shifting the discussion
about daily life to the pandemic and policies.

In addition, the emojis used, the emotions expressed, and the
topics discussed by people who are from different cities in the
United Kingdom all differed because of various factors such as
the environment in the city, the epidemic situation, policies,
and hot spots. The findings reveal the complexity and diversity
of people’s perceptions toward the COVID-19 pandemic, which
indicates the need to keep track of public attitudes.

Limitations
This work is based on existing natural language processing
methods that were used to analyze different attributes such as
emotions, sentiment, and topics. However, these existing
methods may not guarantee that their predictions reflect the
actual attribute. In addition, emotion and sentiment are
subjective tasks, which make them difficult to model and in
turn could affect our interpretation as well as our results.
Moreover, since our data were collected from Twitter with the
use of specific keywords, it is possible that we missed other
topics in online threads and viewpoints. Related discussions
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could also be taken from other social media platforms (eg,
Facebook, Reddit). In this respect, our data provide a partial
sample of user interactions on Twitter. The methods nevertheless
are applicable to other longitudinal data and social media
platforms.

Conclusion
Our main contribution is the multimethod approach that provides
insights into public sentiment and emotions in UK cities during
the COVID-19 pandemic. Furthermore, our methods are
location- and time-based, supporting a comparative analysis to
track public concerns. Our analysis demonstrated that positive

attitudes were common during the pandemic; optimism and
anticipation were the dominant emotions. With the outbreak
and epidemiological change, the government developed control
measures and vaccination policies, and the topics also shifted
over time. In addition, the comparative geolocation analysis
revealed differences in the emotions expressed and topics
discussed by people in different cities. Overall, our study shows
that analyzing the data from social media can help to better
understand public emotions and concerns related to COVID-19
at the city level, which will potentially enable developing
acceptable policies.
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Abstract

Background: The emergence of the novel coronavirus (COVID-19) and the necessary separation of populations have led to an
unprecedented number of new social media users seeking information related to the pandemic. Currently, with an estimated 4.5
billion users worldwide, social media data offer an opportunity for near real-time analysis of large bodies of text related to disease
outbreaks and vaccination. These analyses can be used by officials to develop appropriate public health messaging, digital
interventions, educational materials, and policies.

Objective: Our study investigated and compared public sentiment related to COVID-19 vaccines expressed on 2 popular social
media platforms—Reddit and Twitter—harvested from January 1, 2020, to March 1, 2022.

Methods: To accomplish this task, we created a fine-tuned DistilRoBERTa model to predict the sentiments of approximately
9.5 million tweets and 70 thousand Reddit comments. To fine-tune our model, our team manually labeled the sentiment of 3600
tweets and then augmented our data set through back-translation. Text sentiment for each social media platform was then classified
with our fine-tuned model using Python programming language and the Hugging Face sentiment analysis pipeline.

Results: Our results determined that the average sentiment expressed on Twitter was more negative (5,215,830/9,518,270,
54.8%) than positive, and the sentiment expressed on Reddit was more positive (42,316/67,962, 62.3%) than negative. Although
the average sentiment was found to vary between these social media platforms, both platforms displayed similar behavior related
to the sentiment shared at key vaccine-related developments during the pandemic.

Conclusions: Considering this similar trend in shared sentiment demonstrated across social media platforms, Twitter and Reddit
continue to be valuable data sources that public health officials can use to strengthen vaccine confidence and combat misinformation.
As the spread of misinformation poses a range of psychological and psychosocial risks (anxiety and fear, etc), there is an urgency
in understanding the public perspective and attitude toward shared falsities. Comprehensive educational delivery systems tailored
to a population’s expressed sentiments that facilitate digital literacy, health information–seeking behavior, and precision health
promotion could aid in clarifying such misinformation.

(J Med Internet Res 2022;24(10):e40408)   doi:10.2196/40408
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sentiment analysis; DistilRoBERTa; natural language processing; social media; Twitter; Reddit; COVID-19; vaccination; vaccine;
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Introduction

Background
The novel coronavirus (COVID-19) has impacted and disrupted
many aspects of everyday life worldwide. Following the
implementation of rigid pandemic mitigation strategies in early
2020, social media use substantially increased with internet
users turning to social media platforms to communicate and
gather information regarding the dynamic and uncertain situation
[1-4]. As the pandemic progressed and researchers worked to
develop vaccines, many social media users turned their focus
to gathering information regarding various topics related to
COVID-19 vaccines, such as side effects, availability, and
efficacy. As of May 19, 2022, approximately 6.27 million people
across the world have died due to complications from
COVID-19. Moreover, many experience long COVID syndrome,
in which viral symptoms persist past the expected clinical
recovery time [5]. Although COVID-19 vaccines are safe and
effective at preventing life-threatening infections,
hospitalizations, and deaths, vaccine hesitancy related to
COVID-19 vaccines has led to further comorbidities and many
preventable deaths [6-8].

With an estimated 4.5 billion users worldwide, social media
offers an opportunity for near real-time analysis of large bodies
of text data (500 million tweets/day) that could be useful to
public health officials [3,9]. Using machine/deep learning, recent
advancements in natural language processing methods (eg,
Bidirectional Encoder Representations from Transformers
[BERT], RoBERTa, GPT2, and XLNet) have substantially
improved previous text classification models (greater than 90%
accuracy) [4,10-14]. Moreover, pretrained models such as BERT
or RoBERTa are available and free to researchers from platforms
such as Hugging Face. These platforms are extremely helpful
to the greater scientific community, considering that many of
these models take several days on dozens of tensor processing
units to learn [15,16]. Importantly, these models can be
fine-tuned based on a particular use case (eg, text classification,
text generation, and sentiment analysis). The enhanced
functionality provides a researcher with techniques to investigate
a wide variety of phenomena across many scientific domains
[17-19]. Sentiment analysis (ie, classifying text as positive or
negative) in particular is a powerful tool that can be used to
correlate events to the public mood, surveil public health
discussion, and even detect disease outbreaks [18]. Most
importantly, these methods can be used by public health officials
to develop precise messaging strategies and intervention
campaigns to address the information crises and improve
vaccination rates.

Our study sought to examine and explore sentiment regarding
COVID-19 vaccines expressed on 2 popular social media
platforms—Reddit and Twitter. We calculated positive and
negative sentiment by creating a custom fine-tuned
DistilRoBERTa model with data labeled by members of our
team and then augmented by back-translation. We then offered
a comparison of sentiment regarding COVID-19 vaccines across
Reddit and Twitter. We hypothesized that we would observe
somewhat similar trends in polarity between the 2 social media

platforms with minor differences, because DistilRoBERTa has
typically displayed accuracies greater than 90% [16]. However,
we expected that our labeled data set would provide more
nuanced insight into public sentiments in these 2 communities
than previous sentiment analysis methods. Additionally, based
on our previous work, we hypothesized that sentiment would
remain more positive than negative [4]. Finally, we argued that
identifying and following social media shared sentiment allows
for the eventual development of comprehensive response
strategies, which are better aimed at combatting misinformation
and disinformation; improvement of vaccine delivery; and
containment of disease transmission.

COVID-19–Related Social Media Analysis
Social media content analysis is not a brand new concept and
has been used for data mining and sentiment analysis before
COVID-19. However, the nature of the pandemic response and
the necessary separation of populations for safety have led to
an unprecedented number of new users [9]. This influx caused
a surge in social networking posts, leaving researchers with
mountains of content to sort through. One positive aspect of
social media data mining is that the content is publicly available
and easily obtainable, allowing for rapid collection. The rapid
collection of data, especially those related to COVID-19, permits
researchers to follow the pandemic’s progression alongside
sentiment on the web. For example, the ability to rapidly collect
tweets from a specified time period allows for the parallel
analysis of general public opinion during major events, such as
the release of the Pfizer vaccine in late 2020 or the death of a
celebrity post–COVID-19 infection [20]. This targeted approach
provides tools for niche discovery and exploration of the
sentiment behind health decision-making.

Researchers have used the recent increase in opinion sharing to
measure overall sentiment and vaccine hesitancy or acceptance
[4,20-24]. As social media usage has continued to grow
throughout the pandemic era, more than 3.6 billion people are
known to regularly log on to at least one networking platform.
Twitter is considered one of the largest and most used social
media platforms, with more than 400 million account owners
[9]. The platform allows users to post short messages or tweets
for “followers” to see and respond to, based on the underlying
sentiment they evoke. Tweets are limited to brief messages,
with a 280-character limit, but may contain attached images,
videos, or highlighted popular keywords known as “hashtags.”
Additionally, tweets can include hyperlinks to news articles or
scientific literature. If another user agrees with a posted tweet,
they can “retweet” or share the message to their profiles in a
show of rapport. Rather than joining topic-based communities,
users typically follow other users.

The Reddit platform is similar in size, with approximately 430
million current users [9]. However, it is different in message
format and delivery, in that users are allowed to create groupings
based on a topic, called “subreddits.” Subreddits often contain
open dialogue alongside images, videos, and hyperlinks to news
articles or literature. Similar to “retweeting,” subreddit
subscribers have the unique ability to “upvote” or “downvote”
a post based on the user’s opinion of its contents. Users are also
able to join the discussion by leaving comments, which can also
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be upvoted or downvoted. If a subreddit becomes increasingly
popular and receives a good share of upvotes, the post will
appear first within a topic category. The more traffic a subreddit
receives, even if it is sharing misinformation or disinformation,
the higher the Reddit platform will promote it. Notably,
subreddits generally have rules that community members must
adhere to or risk the potential for the removal of a post or
banning.

BERT Algorithm
Substantial advances in natural language processing have
occurred since the development of BERT and the work built
from its architecture. BERT is a powerful and versatile artificial
intelligence–based natural language processing algorithm
developed at Google AI Language that excels at text
classification (ie, ontologies, categories, and sentiment, etc) of
unstructured/semistructured text data that are characteristic of
social media data [10]. The BERT algorithm was trained on the
entirety of Wikipedia and the Brown Corpus over 4 days using
16 cloud-based tensor processing units. BERT is a
transformer-based language model that uses multiple encoders
to create word embeddings. These embeddings are then used
in concert with masked language modeling and next sentence
prediction to learn by predicting random masked words in a
sentence and learning to predict sentences, respectively. These
2 steps teach BERT to understand context, a skill that older
recurrent neural networks typically struggled with. A convenient
aspect of BERT is that it has the capability to fine-tune the
model with relevant data by replacing the output layer with
weights from custom data. Researchers have been inspired by
the original BERT architecture to create many variations (eg,
RoBERTa, DistilRoBERTa, DistilBERT, and BART, etc) that
have surpassed the benchmarks of previous models. Moreover,
these models can be fine-tuned for specific domain-based tasks
(ClinicalBERT and BioBERT) in multiple languages [11,12,25].
Furthermore, several studies have used other fine-tuned BERT
models to investigate COVID-19–related content expressed on
social media related to misinformation detection, sentiment
classification, and continent analysis [13,26-29].

Methods

Study Overview
Our study compared COVID-19 vaccine–related postings from
2 popular social media platforms—Reddit and Twitter—from
January 1, 2020, to March 1, 2022. These 2 platforms were
chosen due to their worldwide usage, vibrant discussions, and
high user count. The time frame included the earliest parts of
the pandemic to trace the evolution of sentiments over time.
Most importantly, these platforms were chosen because only a
small number of comparative studies have focused on the typical
user, especially studies related to COVID-19 vaccine sentiment
or other vaccines. Our study used a binary (ie, positive or
negative polarity) sentiment classification method for training
our model and for sentiment analysis. A binary system was
chosen for a few reasons. (1) Binary systems are more
computationally efficient when processing large bodies of data.
(2) Binary classifiers are typically more accurate than multiclass
systems. (3) In the past, sentiment classifiers that incorporate

a neutral class often rely on a low probability or confidence
score. Since our model reported a confidence value, this
information could be extrapolated.

Data Overview
Substantial effort was taken to identify and remove Twitter
posts that were found to be directly from news agencies or bots.
These posts were identified by their source having an
overwhelmingly high post count during the 26-month period
relative to the average number of posts of a “normal” user, as
well as by visually inspecting tweets of users that appeared at
an abnormal frequency. Both Twitter and Reddit data sets were
limited to only include users who posted fewer than or equal to
200 times throughout our time frame. These steps were
important due to the repetitive nature of many bot tweets, which
had the potential to skew sentiment calculations and misalign
the goal to compare the normal user base of both platforms.
Although the methodologies in harvesting Reddit and Twitter
data differ slightly, both data sets underwent similar cleaning
steps. Both data sets were queried for the same relevant terms
typically present in web-based discussions about COVID-19
vaccines. This step was important due to the tendency for some
extended comment threads to meander off-topic. This occurrence
was especially true with threads from some Reddit communities.
The daily posting frequencies of the 2 platforms were relatively
similar in the early months of the pandemic. The frequency
increased dramatically for both platforms in late September to
October 2020 as news of vaccine circulation became more
widespread. Although each platform displayed 4 spikes in
posting frequency at similar time periods (October 2020, March
to April 2021, August to September 2021, and December 2021
to January 2022), they obtained a maximum in different time
periods. Reddit reached its maximum posting from March to
April 2021, whereas Twitter reached its maximum from
September to October 2021.

Twitter
Approximately 13 million tweets were harvested using the
snscrape and Tweepy API Python libraries based on the search
term “COVID Vaccine.” After removing tweets by suspected
bots, news media, or highly repetitive high-frequency users and
duplicate tweets, our final Twitter data set consisted of
9,518,270 tweets authored by 3,006,075 Twitter users. The
tweets contained approximately 16.32 million total likes, with
a maximum of 430,758 likes and an average of 14.9 likes per
tweet. Tweets cannot be downvoted, but approximately
4,794,865 tweets were attributed with 0 likes. Statistics on tweet
sharing or retweets were not collected because this metric was
not available for both platforms.

Reddit
We harvested 579,241 user-created posts from 67 subreddits
with the Python Reddit API Wrapper. These subreddits were
collected to gain a broad understanding of sentiments related
to the COVID-19 vaccines as well as to avoid potential biases
in data collection. These subreddits contained a total of
5,590,913 subscribers as of March 1, 2022. Our query removed
a large portion of unrelated terms. After visually inspecting and
confirming the results of the querying process, our final Reddit
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data set consisted of 67,962 comments composed by at least
9843 authors. These posts contained approximately 2.1 million
total upvotes, with an average of 31 upvotes and a maximum
of 18,253 upvotes per comment.

Data Labeling and Augmentation
Since time is of the essence in a global pandemic, combined
with the fact that labeling data is time-consuming and costly,
we created a custom training data set by labeling sentiment
(positive or negative) for approximately 3600 tweets related to
COVID-19 vaccines. We chose to label tweets exclusively for
this study, because the 280-character limit of a tweet (ie,
compared to a Reddit post limit of a maximum of 10,000
characters) would allow our small team to create a time-relevant
training data set more quickly. We then augmented our data set
through the process of back-translation with several language
models on the Hugging Face model repository. Back-translation
was chosen after testing a few other methods of text
augmentation. Some techniques (eg, word masking) resulted in
far more duplicated texts that would eventually need to be
removed. Back-translation relies on subtle differences between
language structure, word meaning, and syntax. In effect, the
outputted text will vary slightly from the inputted text without
losing semantic and contextual meaning [14]. In our case, the
back-translation method translated our English-language text
into another language (eg, French, Chinese, Greek, and Hebrew)
and then back into English. After removing duplicates, our final
augmented data set consisted of 48,691 tweets.

RoBERTa and DistilRoBERTa
For our study, we chose to explore the capabilities of
DistilRoBERTa. RoBERTa is a more robust model than BERT,
and DistilRoBERTa is an optimized version of RoBERTa
[15,16]. Developed at Facebook, RoBERTa was trained on 160
GB of text compared to the 16 GB of BERT. RoBERTa dropped
the next sentence prediction feature of BERT and added dynamic
token masking during training. These enhancements are
estimated to have improved the original BERT’s performance
significantly (2% to 20%) [16]. Compared to RoBERTa,
DistilRoBERTa was trained on approximately 40 GB of text
data (OpenWebTextCorpus) and operates about twice as fast.

The University of Tennessee Health Science Center
Vaccine Sentiment Labeling and DistilRoBERTa
Fine-tuning
We fine-tuned the DistilRoBERTa base via the Hugging Face
Trainer class, which provides the user with an API for training
with PyTorch. Our data were then randomized and segregated
into 40,000 training tweets, 4000 validation tweets, and 4691

tweets for testing. Training hyperparameters included a 2 × 10–5

learning rate, 32 training and evaluation batch size, a seed
number of 42, and a linear scheduler with 500 warm-up steps.
We used the Adam optimizer with betas of 0.9 and 0.999 and

an epsilon of 1 × 10–8. Lastly, our model was trained for 2
epochs. These hyperparameters achieved a training loss of
0.1284, a validation loss of 0.1167, a precision of 0.9561, an
F1-score of 0.9592, and an accuracy of 0.9592 (see Table 1).

Table 1. DistilRoBERTa fine-tuning training metrics. The model obtained optimal fine-tuning after 2 training epochs.

F1-scoreAccuracyPrecisionValidation lossTraining lossEpochStep

0.78900.77280.73420.46950.59030.4500

0.86840.85960.81440.34690.39860.81000

0.92530.92600.93130.19390.23661.21500

0.94650.94520.92070.15600.14761.62000

0.95920.95920.95610.11670.12842.02500

Analytical Methods
Following the fine-tuning of our model, we processed the
Twitter and Reddit data through the Hugging Face pipeline for
sentiment analysis. The model returned a label of either positive
or negative for each tweet or Reddit comment. Along with the
determined polarity, the model also returned a probabilistic
confidence score ranging from 0 to 1. For clarity, tweets or
comments classified as negative were multiplied by –1 to reflect
the negative sentiment.

Ethical Considerations
No ethical approval was needed from our institution due to the
public availability and nonidentifiable nature of the data used.

Results

DistilRoBERTa Fine-tuned to COVID-19 Vaccine

Twitter
The DistilRoBERTa fine-tuned polarity analysis determined
that the 9,518,270 tweets were more negative (n=5,215,830,
54.8%) than positive (n=4,302,440, 45.2%) throughout our time
frame (see Figure 1).

The maximum positive rating occurred in March 2021
(375,789/675,274 55.6%). However, the minimum positive
rating occurred in January 2022 (191,159/526,582, 36.3%),
displaying a steady decrease in polarity from the maximum.
For the confidence score, the tweets classified as positive had
a maximum score of 0.999, a minimum of approximately 0

(3.58 × 10–7), and a mean of 0.868 (see Figure 2). The tweets
classified as negative had a minimum score of –0.999, a
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maximum value of approximately zero (–1.78 × 10–6), and a mean of –0.882 (see Figures 1 and 2).

Figure 1. Tweet polarity from the DistilRoBERTa model fine-tuned to COVID-19 vaccine. Polarity and the corresponding confidence probability are
represented on the y-axis, and time is represented on the x-axis. Tweets are represented as light blue circles. Circle size indicates the number of likes
per tweet—larger circles indicate more likes and smaller circles indicate fewer likes.

Figure 2. Confidence score versus like count for Twitter. The x-axis represents the confidence score and the y-axis represents the number of likes a
tweet received. Data points below 0.00 on the x-axis represent a negative classification, and data points above 0.00 represent a positive classification.
Data points are represented as light blue circles.
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Reddit
The Reddit sentiment polarity analysis for the fine-tuned
DistilRoBERTa model found that of the 67,962 posts, 37.7%
(n=25,646) were classified as negative and 62.3% (n=42,316)
were classified as positive. The highest polarity reported in our
experiment and the maximum positive rating occurred in April
2021 (6611/9044, 73.1 %), and the minimum positive rating

occurred in February 2020 (170/351, 48.4%). For the confidence
scores, the comments classified as positive had a maximum

score of 0.999, a minimum of approximately 0 (1.55 × 10–4),
and a mean of 0.870 (see Figure 3). The comments classified
as negative had a minimum of –0.999, a maximum of

approximately 0 (–4.74 x 10–5), and a mean of –0.808 (see
Figures 3 and 4).

Figure 3. Reddit comment polarity from the DistilRoBERTa model fine-tuned to COVID-19 vaccine. Polarity and corresponding confidence probability
are represented on the y-axis, and time is represented on the x-axis. Data points are represented as orange-red circles. Circle size indicates the number
of upvotes per comment—more upvotes are represented by larger circles and fewer upvotes are represented by smaller circles.

Figure 4. Confidence score versus like count for Reddit. The x-axis represents the confidence score and the y-axis represents the number of upvotes
a comment received. Data points below 0.00 on the x-axis represent a negative classification, and data points above 0.00 represent a positive classification.
Data points are represented as orange-red circles.
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COVID-19 Vaccine Sentiment Expressed on Reddit
and Twitter
Overall, the average sentiment for the 2 social media platforms
was somewhat different (62.3% positive on Reddit vs 45.2%
positive on Twitter). An interesting story begins to appear when
looking closely at the month-to-month results in relation to each
other. Although sentiment on both platforms oscillated in the
early months of the pandemic, Reddit sentiment was higher
(ranging from 48% to 55% positive) from January to August
2020. Twitter sentiment began similar to Reddit sentiment but

gradually declined until becoming substantially more negative
from September to October 2020, and then increasing to a
maximum of 55% in March 2021. Reddit sentiment began a
steep increase in polarity in December 2020 and continued to
increase until reaching the maximum positive sentiment
(approximately 73%) in April 2021. After sentiment on each
platform achieved their maximum positive polarity, both began
an oscillating and gradual decline in sentiment to near early
pandemic levels. However, Twitter sentiment continued to fall
until achieving a minimum of 36% (see Figure 5).

Figure 5. Monthly sentiment for Twitter and Reddit COVID-19 vaccine–related posts. The x-axis represents time and the y-axis represents the percentage
of posts classified as positive. The blue line represents Twitter sentiment and the orange-red line represents Reddit sentiment. Note that since posting
frequency was very low, sentiment for January 2020 is an average of all other months of corresponding data.

Discussion

Interpretation of Results
Ranging from January 1, 2020, to March 1, 2022, our results
show that the average sentiment for the Reddit data set was
more positive than the average sentiment expressed on Twitter.
Interestingly, both platforms expressed similar sentiment
changes during key moments of the pandemic (eg, vaccine
efficacy announcements, vaccine distribution to all ages, new
variants, and waning efficacy). This behavior is especially
observable as vaccines became widely available to the public
and the polarity diminished. Considering this similar behavior,
we feel that both Twitter and Reddit continue to be valuable
data sources that public health officials can use to develop
vaccine education campaigns and digital interventions. Although
Twitter is superior in the ability to access large numbers of
tweets through an API, substantial steps need to be taken while
cleaning Twitter data to remove bots, news media posts,
commercial users, duplicates, and users who have extremely

high posting frequencies. On the other hand, Reddit data are
more plentiful in longer texts that could be more useful for topic
modeling.

What drove sentiment changes related to COVID-19 vaccines
on these 2 platforms? One possibility could be related to the
character limit of tweets versus Reddit posts (ie, 280 vs 10,000
characters, respectively). The shortened character limit of tweets
most likely contributes to the quick spread of information and
can be reactionary in nature, driving negative sentiment.
However, Reddit users typically take advantage of the longer
character limit and share, at times, highly personal stories and
experiences related to their health care. For this reason, Reddit
could remain a highly valuable source when considering the
development of public health messaging and education
campaigns.

Correlating changes in sentiment with developments during the
pandemic presents some interesting challenges and ideas alike.
The most obvious steep increase in sentiment seems to be
correlated with positive news regarding vaccine development
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and trials and news of high efficacy, distribution, and availability
to those who patiently waited for the vaccine. It is challenging
to correlate minimum sentiment scores because their decline
was not uniform. It is highly likely that the gradual decline was
related to a combination of unfortunate events related to the
pandemic (eg, misinformation, pandemic fatigue, and falling
vaccine efficacy). It is conceivable that challenges in vaccine
rollout and distribution could negatively affect sentiment.
However, previous topic modeling and semantic network
analysis on portions of this data set did not find a meaningful
occurrence of terms related to vaccine distribution. Therefore,
more psychological, sociological, and cultural studies are
desperately needed to understand what drives certain
populations, news media, politicians, and entertainers to so
readily accept and propagate misinformation and conspiracy
theories rather than directly observable facts. Such studies would
not only benefit future public health responses but also many
other areas of life where misinformation and disinformation
have taken hold. The success of digital interventions and
education campaigns would likely be limited without a more
thorough understanding of how to reach these populations.

Public Health Implications
The application of our findings could have momentous impacts
on the public health sector in the fight against infectious diseases
such as COVID-19. Further development of low–human effort
surveillance systems optimized for the rapid collection of data
would allow for the real-time analysis of public emotion in
correlation with disease progression. Moreover, fine-tuning
models to assess geographical and demographical differences
in sentiment could provide insight into the attitudes of
populations at the greatest risk of debilitating outcomes. In
addition to geographically and demographically specific data
mining, targeting public discourse during times of peak
infection, vaccine releases, or the death of a celebrity, athlete,
or political figure due to the disease could greatly bolster public
health response [30,31]. The expansion of such disease
projection and prediction models using sentiment mining
techniques could also influence evidence-informed policy.
Discerning the dynamic levels of population sentiment allows
public health officials to design catered policy communication
strategies. By providing the necessary tools to better understand
public emotion related to disease prevention, control, and
containment, policy makers would be better equipped to evaluate
program successes and highlight any need for repositioning.

Furthermore, the analysis of sentiment shared via social media
could prove to be a vital instrument in combatting rampant
misinformation and disinformation shared on the web. As the
spread of misinformation poses a range of psychological and
psychosocial risks (anxiety and fear, etc), there is an urgency
in understanding the public perspective and attitude toward
shared falsities. Education delivery systems tailored to
population-expressed sentiment could aid in clarifying such
misinformation. Moreover, there is room for the expansion of
artificially intelligent messaging systems, tasked with generating
responses to waves of misinformation and disinformation shared
via social media platforms. Overall, the proposed framework

for the real-time analysis of sentiment could be useful in guiding
governmental support of public health recovery efforts.

Limitations
As with most studies, ours has some limitations. Challenges
occur when conducting sentiment analysis in social media texts
due to some long-standing problems. Although BERT and newer
models greatly mitigate many of these challenges, some models
typically struggle with detecting sarcasm, humor, emotion, and
complex inferences in texts unless specifically having been
trained to do so. For example, many pro-vaccine social media
users express extremely negative views and sentiments regarding
the anti-vaccine community. How would BERT classify such
an occurrence? Although their expressed sentiment is positive
toward the vaccine, many natural language processing
algorithms and data labelers would potentially struggle with
this type of classification. Even though we took great care with
this study to remove tweets by bots or tweets from highly
repetitive users from Twitter and choose unbiased subreddits,
it is possible that some could have still slipped through the data
cleaning process. Moreover, augmented data can potentially
cause problems with overfitting when fine-tuning models due
to relatively similar semantic content. We limited our training
epochs and closely monitored the relationship between training
loss and validation loss to mitigate this potential problem. Future
work could involve efforts to create a larger labeled data set
that would include not only COVID-19 vaccine sentiments but
those of other vaccines as well.

Conclusions
We conducted a sentiment analysis of approximately 70,000
Reddit comments and 9.5 million tweets with a fine-tuned
DistilRoBERTa model. Our analysis found that both Reddit
and Twitter users expressed similar changes in sentiment
throughout the pandemic, even though Twitter was substantially
more negative than Reddit. Although subtle differences in
sentiment were observed monthly, both platforms demonstrated
a substantial increase in positive sentiments as the COVID-19
vaccine became readily available to the general public. The
results we present here are a portion of an ongoing study to
investigate vaccine-related content on social media with a focus
on identifying and combating misinformation in efforts to
decrease vaccine hesitancy. Correlating strong sentiment with
high infectivity rates could provide officials with forecasting
for the public acceptance of migration strategies such as vaccine
delivery and uptake. These integrated disease surveillance tools
should not only be leveraged in the fight against COVID-19
but stand to play essential roles in the evolution of future health
policy, decision-making, program implementation, and precision
health promotion [32]. In the near future, our team plans to
expand the methods demonstrated in this study into sentiment
related to other types of vaccines (eg, human papillomavirus
vaccines). We expect these results along with others to be used
to develop tools to assist public health officials in monitoring
public discourse regarding disease outbreaks, gaining a better
understanding of vaccine hesitancy, and developing personalized
digital interventions [33,34] and education campaigns.
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Abstract

Background: There has been an increasing demand for new technologies regarding infection control in hospital settings to
reduce the burden of contact tracing.

Objective: This study aimed to compare the validity of a real-time locating system (RTLS) with that of the conventional contact
tracing method for identifying high-risk contact cases associated with the secondary transmission of SARS-CoV-2.

Methods: A retrospective case-control study involving in-hospital contact cases of confirmed COVID-19 patients, who were
diagnosed from January 23 to March 25, 2022, was conducted at a university hospital in South Korea. Contact cases were identified
using either the conventional method or the RTLS. The primary endpoint of this study was secondary transmission of SARS-CoV-2
among contact cases. Univariate and multivariable logistic regression analysis comparing test positive and versus negative contact
cases were performed.

Results: Overall, 509 and 653 cases were confirmed by the conventional method and the RTLS, respectively. Only 74 contact
cases were identified by both methods, which could be attributed to the limitations of each method. Sensitivity was higher for
the RTLS tracing method (653/1088, 60.0%) than the conventional tracing method (509/1088, 46.8%) considering all contact
cases identified by both methods. The secondary transmission rate in the RTLS model was 8.1%, while that in the conventional
model was 5.3%. The multivariable logistic regression model revealed that the RTLS was more capable of detecting secondary
transmission than the conventional method (adjusted odds ratio 6.15, 95% CI 1.92-28.69; P=.007).

Conclusions: This study showed that the RTLS is beneficial when used as an adjunctive approach to the conventional method
for contact tracing associated with secondary transmission. However, the RTLS cannot completely replace traditional contact
tracing.

(J Med Internet Res 2022;24(10):e41395)   doi:10.2196/41395
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Introduction

Human history is characterized by the incessant influence of
infectious diseases, with viruses being the most successful
contender [1]. Viral diseases dominate on the World Health
Organization’s list of top priorities of concern [2]. SARS-CoV-2
is one of the novel viruses exerting unprecedented influence on
the world’s population due in part to a lack of knowledge. In
the early stage of the COVID-19 pandemic, nonpharmaceutical
approaches, such as mask wearing and isolating infected
patients, comprised the predominant methods of preventing the
disease from spreading [3,4]. Despite the development of
pharmaceutical agents, such as vaccines and therapeutic antiviral
drugs, these nonpharmaceutical measures are not obsolete
because of the emergence of new variants and the waning effect
of vaccines [5-8]. The importance of nonpharmaceutical
measures is emphasized in the hospital environment where
immunocompromised populations, such as patients with cancer
and older patients, are concentrated.

Contact tracing is an important strategy to keep disease
transmission under control by isolating high-risk contacts who
eventually present with the disease. Contact tracing is a time-
and labor-consuming procedure, the efficiency of which is
dependent on the commitment of the infection control personnel
and the presence of beneficial adjunctive tools. Moreover, the
importance of this method could be diminished in the era of
“living with COVID-19,” wherein efforts to confine the spread
of the disease are diluted with the weakening of disease severity.
However, in a hospital setting, simplifying rather than
eliminating the contact tracing effort is required. SARS-CoV-2
is a complicated virus to deal with, especially in the hospital
setting, without sufficient data regarding its mode of
transmission [9-13]. Furthermore, a variety of common
transmissible diseases that require contact tracing can spread
in hospitals. For most of those diseases, the distance and
duration of exposure are of primary importance when deciding
the high-risk contacts of a confirmed patient [14-17].

Technological efforts, such as a real-time locating system
(RTLS), could be an option to overcome the limitation set by
the conventional method. One type of RTLS involves
radio-frequency identification (RFID) and a Wi-Fi tracking
system. RFID calculates the distance and duration of
human-to-human interaction by analyzing the signals from RFID
tags worn by users, which are captured by exciters installed in
hospital wards and working places [18]. Using this technology,
the quantity of interaction affordable, regardless of the number
of contacts, can be determined [19]. Evidence of the validity of
this technology in a hospital setting is accumulating, despite its
privacy concerns and cost-benefit issues [20,21]. The efficiency
of this technology for preventing the spread of transmissible
diseases needs to be elucidated.

The aim of this study was to evaluate the validity of the RTLS
compared with the conventional contact tracing method to
identify high-risk contacts associated with the secondary
transmission of SARS-CoV-2. Furthermore, we attempted to
characterize the factors associated with secondary SARS-CoV-2
transmission using both methods.

Methods

Setting
This study was conducted at a Yongin Severance
University–affiliated hospital in South Korea, with 580 beds
and an 82% average occupancy rate annually. This institution
had RTLS location sensors since its opening in 2020. All health
care workers and inpatients were issued RTLS tags that detected
their locations.

From the time COVID-19 was declared a pandemic, health care
workers, hospitalized patients, and caregivers in this hospital
were monitored for the presence of symptoms suggestive of
COVID-19 on a daily basis. Caregivers included the patients’
family members or privately employed carers. Employees were
mandated to report COVID-19–related symptoms through a
mobile app at least once a day. Hospitalized patients and
caregivers were obligated to take screening reverse transcription
polymerase chain reaction (RT-PCR) tests ahead of admission,
and COVID-19–related symptoms were closely monitored by
attending nurses, which were recorded electronically.
SARS-CoV-2 polymerase chain reaction (PCR) tests were
conducted for those who developed COVID-19–related
symptoms, and quarantine measures were implemented for
individuals who tested positive for SARS-CoV-2. Subsequent
contact tracing was carried out by the infection control office
staff and the digital information team, with stratification of
contacts according to the level of exposure. All contacts
regardless of the exposure level were recommended to get tested
for SARS-CoV-2 at least once, with specific emphasis on
high-risk contacts within 14 days after exposure or on the
development of symptoms. Postexposure measures, such as
quarantine, were implemented for those who were identified as
contacts at the discretion of staff in the infection control office.
As RTLS data were collected only for research purposes, no
postexposure interventions were implemented based solely on
RTLS data.

Study Design and Identification of Contact Cases
A retrospective case-control study involving in-hospital contact
cases of confirmed COVID-19 patients, who were diagnosed
from January 23 to March 25, 2022, was conducted. All contact
cases of health care workers, and inpatients and their caregivers,
identified either by the conventional method or the RTLS, were
included in this study. The participants were followed up from
the date of contact to 14 days following the last contact or the
date of a follow-up SARS-CoV-2 PCR test.

Contact tracing started 2 days prior to the symptom onset or
positive PCR test result of a COVID-19–confirmed patient. The
conventional method of contact tracing starts with an in-person
interview, followed by reviewing electronic medical records
and monitoring closed circuit surveillance camera feeds based
on the information acquired in the interview. RTLS-based
contact tracing was performed separately by the digital
information team. When a patient tested positive, the digital
information team extracted data from the RTLS to identify close
contact cases. The radio-frequency RTLS sensors that can detect
signals within a radius of 20 meters were located in every room
in the hospital and at every 10 meters in open spaces. Hospital
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staff and inpatients were required to wear RTLS tags at all times.
Signals were emitted from the tags every 1 to 3 seconds to
confirm the presence of individuals in a room or confirm the
distance between individuals through tag-tag signal interaction.
When 2 individuals got close enough to a designated distance,
the calculation of contact time was started to obtain the
cumulative contact time between the 2 individuals. Generally,
it took less than 30 minutes to draw data from the RTLS.

The level of exposure was determined based on a Centers for
Disease Control and Prevention (CDC) guideline [22]. The CDC
provides information on the transmission risk of COVID-19
among contacts according to the level of exposure, and
recommends actions to prevent disease transmission. High-risk
exposure was defined as close contact with confirmed patients
within 2 meters for more than 15 minutes without adequate
mask wearing, or physical contact without wearing gloves or
protective gowns. Intermediate-risk exposure was defined as
contact with confirmed patients within 2 meters for more than
15 minutes with moderate protective equipment. Low-risk
exposure was defined as contact with confirmed patients with
adequate protective gear, or contact outside the range of
high-risk exposure without protective equipment.

The primary endpoint of this study was secondary transmission
of SARS-CoV-2 among contact cases. Secondary transmission
was assumed when there was a positive conversion of the
SARS-CoV-2 PCR test following a negative test result within
14 days of contact. Those without previous test results were
included as well, unless they had evidence of other sources of
infection, such as being simultaneously diagnosed with index
patients, having a known familial transmission, or showing
COVID-19–related symptoms.

Exclusion Criteria
The exclusion criteria were as follows: (1) no identifiable age
or gender information; (2) no follow-up PCR results; and (3)
distance of more than 3 meters from index patients among
RTLS-confirmed cases.

Data Collection
The data of in-hospital–confirmed COVID-19 patients were
collected retrospectively. Data, including age, gender,
vaccination history (including number of vaccinations and days
passed from the last vaccination), follow-up SARS-CoV-2 PCR
test results, date of diagnosis in case of a positive result, closest
exposure distance, duration of exposure within a distance of 2
meters, whether personal protective equipment was used,
mask-wearing habit, type of occupation, type of occupation of
index patients, date of the last contact, whether the room was
shared with index patients, methods used to identify contact
cases and postexposure measures, and whether tags were worn,
were collected by reviewing the records acquired for contact
tracing. We filled up some part of the data regarding wearing
masks through estimation based on the hospital policy, when
fact-checking was impossible due to long hours of exposure.

SARS-CoV-2 RT-PCR
SARS-CoV-2 RT-PCR was performed with nasopharyngeal
swab samples collected from participants. The MagNA Pure

96 System (Roche Diagnostics) was used to extract RNA from
nasopharyngeal swabs in viral transport media, according to
the manufacturer’s instructions. The extracted RNA was then
subjected to the Allplex SARS-CoV-2 Assay, which targets 4
genes in a single tube (E, N, RdRp, and S genes) to detect
SARS-CoV-2 infection, according to the manufacturer’s
instructions. PCR amplification was performed using the CFX96
real-time PCR detection system (Bio-Rad Laboratories).

Statistical Methods
Analyses comparing secondary transmission cases and
test-negative cases were performed. We allowed the inclusion
of multiple episodes of the same individuals because the nature
of contact cases was different each time. Baseline characteristics
were compared using the Mann-Whitney U test, independent

samples t test, or ANOVA for continuous variables, and the χ2

test or Fisher exact test for categorical variables. Continuous
variables were expressed as means or medians (IQRs) and
categorical variables as numbers with percentages for the
description of baseline characteristics. Logistic regression was
used to identify factors related with secondary transmission
adjusting for relevant variables with a P value <.05 in univariate
analysis. Cumulative hazard curves were created using the
Kaplan-Meier method, and the hazards of detecting secondary
transmission for each model were compared according to the
study date using the log-rank test. Sensitivity analysis was
conducted with participants having follow-up PCR results within
14 days available to identify either consistency of or differences
in the magnitude of the effect. Missing values were removed
from the analysis. All statistical analyses were performed using
SPSS software version 26 (IBM Corp). Two-sided P values
<.05 were considered statistically significant.

Ethics Statement
This study was approved by the Institutional Review Board of
Yonsei University Health System Clinical Trial Centre, and the
study protocol adhered to the tenets of the Declaration of
Helsinki. As the study was retrospective, the Institutional
Review Board waived the requirement for written informed
consent from the participants (approval number: 9-2022-0027;
approved on April 22, 2022).

Results

Study Participants
Among 1794 cases identified by the methods described above,
261 cases without age or gender information, 98
RTLS-confirmed cases that were identified more than 3 meters
away from index patients, and 347 cases without follow-up test
results were excluded. As a result, 1088 contact cases were
included in the analysis. Among 79 cases that tested positive
for SARS-CoV-2 within 14 days of exposure, 3 cases were
excluded from secondary transmission owing to the presence
of other sources of transmission (Figure 1).

The baseline characteristics of all participants are presented in
the following text. The mean age of the participants was 41.5
(SD 17.5) years, with 25.3% (275/1088) being male participants.
Among contacts, 70.7% (769/1088) were health care workers,
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and among these, 6.2% (48/769) were doctors, 71.5% (550/769)
were nurses, and 22.2% (171/769) were others. The percentage
of those vaccinated at least once prior to contact was 83.8%
(741/884), with a median of 82 (IQR 54-82) days from the last
vaccination. The median contact duration was 240 (IQR
41-1675.8) minutes. Among those who were designated as index

patients, 80.3% (843/1051) were health care workers.
Furthermore, room sharing was confirmed in 71.9% (736/1023)
of cases in the hospital. There were 63.5% (436/686) high-risk
contact cases, 28.9% (198/686) intermediate-risk contact cases,
and 7.6% (52/686) low-risk contact cases (Multimedia Appendix
1).

Figure 1. Study flow of enrollment. PCR: polymerase chain reaction; RTLS: real-time locating system.

Contact Cases Identified by the RTLS or the
Conventional Method
Among the 1088 cases involving 764 participants, 76 cases
involving 65 participants resulted in secondary transmission,
while 1012 cases involving 730 participants remained negative
for SARS-CoV-2 (Figure 1). Only 74 contact cases were
identified by both methods, while 509 and 653 cases were
confirmed by the conventional and RTLS methods, respectively.
The factors associated with RTLS detection against the
conventional method were identified. Younger age (37.6, SD
14.5 vs 47.6, SD 19.6 years; P<.001), being a health care worker
(88.5% vs 60.3%; P<.001), being a health care worker who was

an index patient (91.4% vs 62.4%; P<.001), room sharing
(75.5% vs 69.9%; P=.04), mask wearing (26.5% vs 41.6%;
P<.001), and being exposed for long durations (391 [IQR
64-1804] vs 33 [IQR 10-240] minutes; P<.001) were associated
with RTLS detection. The level of exposure should be
interpreted with caution, considering the large number of
missing values (Table 1). The absence of records on exposure
time largely contributed to the missing values of exposure levels
in the conventional method. Analysis involving secondary
transmission cases alone revealed that more health care workers
were detected by the RTLS exclusive method (Multimedia
Appendix 2).
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Table 1. Baseline characteristics of participants based on the contact tracing method.

P valueConventional methodb (n=509)RTLSa methodb (n=653)Characteristic

<.00147.6 (19.6)37.6 (14.5)Age (years), mean (SD)

.64134 (26.3)164 (25.1)Sex (male), n (%)

<.00133 (10-240)391 (64-1804)Exposure duration (minutes), median (IQR)

3442Unknownc, n

Personal protective equipment used

<.001207 (41.6)158 (26.5)Mask, n (%)

.596 (3.6)0 (0.0)Gloves, n (%)

>.991 (0.6)0 (0.0)Face shield, n (%)

1156Unknownc, n

Mask-wearing consistencyd

.33138 (84.7)23 (92.0)At all times, n (%)

>.9910 (6.1)1 (4.0)More than 50%, n (%)

.7015 (9.2)1 (4.0)Less than 50%, n (%)

346628Unknownc, n

Level of exposure

<.00154 (33.3)422 (70.9)High, n (%)

<.00161 (37.7)161 (27.1)Intermediate, n (%)

<.00147 (29.0)12 (2.0)Low, n (%)

34758Unknownc, n

<.001Type of occupation

284 (60.3)525 (88.5)Health care worker, n (%)

23 (4.9)26 (4.4)Doctor, n (%)

188 (39.9)388 (65.4)Nurse, n (%)

187 (39.7)68 (11.5)Patient, n (%)

130 (27.6)68 (11.5)Patient, n (%)

57 (12.1)0 (0.0)Caregiver, n (%)

3860Unknownc, n

<0.001Type of occupation of the index patient

294(62.4)597 (91.4)Health care worker, n (%)

177 (37.6)56 (8.6)Patient, n (%)

380Unknownc, n

Vaccination status

.07294 (86.5)493 (81.9)Vaccinated more than once, n (%)

<.00160 (38-170)83 (68-196)Days from last vaccinatione (days), median (IQR)

16951Unknownc, n

Postexposure measure

.06127 (65.8)23 (69.7)Quarantined, n (%)

.3134 (17.6)8 (24.2)Monitored actively, n (%)

.1232 (16.6)2 (6.1)Monitored passively, n (%)

346620Unknownc, n
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P valueConventional methodb (n=509)RTLSa methodb (n=653)Characteristic

.0631 (6.1)53 (8.1)Secondary transmission, n (%)

.04348 (69.9)450 (75.5)Room sharing, n (%)

1157Unknownc, n

<.001246 (48.3)653 (100.0)Compliance with tag wearing, n (%)

aRTLS: real-time locating system.
bCases included in both the RTLS and conventional methods were handled as duplicate values.
cUnknown represents the number of missing values.
dExtent to which each participant conforms to the mask-wearing precaution.
e Days passed from the last vaccination.

Secondary Transmission Among Contact Cases
Identified by the RTLS or the Conventional Method
The baseline characteristics of secondary transmission cases
are described in Multimedia Appendix 1. Overall, the secondary
transmission rate was 7.0% when all contact tracing methods
were combined. The secondary transmission rate in the RTLS
model was 8.1%, while that in the conventional method model
was 5.3% (Table 2). The results spread out according to the
confirmed date are presented in Figure 2, which shows a higher
contribution of the RTLS than the conventional method in
detecting secondary transmission.

We calculated the odds ratio (OR) for the secondary
transmission group, with the group that tested negative for
SARS-CoV-2 as a control. Variables with clinical significance
and statistical significance in the univariate analysis were
included in the multivariate analysis. The adjusted odds ratios
(aORs) for clinically relevant variables and for variables with
statistical significance in the univariate analysis revealed that
male gender (aOR 0.11, 95% CI 0.01-0.53; P=.03), longer

duration from the last vaccination (aOR 1.04, 95% CI 1.01-1.07;
P=.006), and using the RTLS as the contact tracing method
(aOR 6.15, 95% CI 1.92-28.69; P=.007) were associated with
secondary transmission (Table 3). The Kaplan-Meier curve
showed increased detection of secondary transmission among
contact cases identified by the RTLS toward the end of the study
period (Multimedia Appendix 3). Moreover, a subgroup analysis
involving contact cases with available follow-up PCR tests
within 14 days produced similar results (Multimedia Appendix
4).

The difference in cumulative contact duration was not
statistically significant between the groups. The median contact
duration was 630 [IQR 72.5-1510.5] minutes for the cases
having secondary transmission versus 240 [IQR 41-1678]
minutes for the controls (Multimedia Appendix 1). There were
3 cases of secondary transmission with 15 minutes of contact
within 2 meters. All 3 were identified by the RTLS, and the
time was precisely calculated. None of the cases were involved
in aerosol-producing procedures.

Table 2. Comparison of the performance of each contact tracing method and the methods combined.

Both methodsbConventional methodRTLSa methodVariable

Not detectedDetectedNot detectedDetectedNot detectedDetected

1,014 (93.2)74 (6.8)579 (53.2)509 (46.8)435 (40.0)653 (60.0)Identified contact cases (N=1088), n (%)

72 (94.7)4 (5.3)49 (64.5)27 (35.5)23 (30.3)53 (69.7)Secondary transmission (N=76), n (%)

N/A5.4N/A5.3N/Ad8.1Secondary transmission ratec, %

aRTLS: real-time locating system.
b“Both methods” denotes cases identified by both the RTLS and conventional methods.
cSecondary transmission rate was defined as cases of secondary transmission against contact cases identified by each method.
dN/A: not applicable.
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Figure 2. Secondary transmission rate calculated against contacts identified by each method according to the date of diagnosis. The secondary
transmission rate was defined as cases of secondary transmission against contacts according to the date of index patients' confirmation. The average
secondary transmission rate calculated against contacts identified exclusively by the RTLS was 10.6%, while that calculated against contacts identified
exclusively by the conventional method was 7%. "Both" denotes cases identified by both the RTLS and conventional method. RTLS: real-time locating
system.

Table 3. Logistic regression analysis for identifying the risk factors for SARS-CoV-2 secondary transmission.

Multivariable analysisaUnivariate analysisVariable

P value95% CIORcP value95% CIORb

.900.96-1.051.00.120.93-1.000.97Age

.030.01-0.530.11.030.01-0.500.11Male (reference: female)

.0061.01-1.071.04.0011.02-1.071.05Days from the last vaccinationd (days)

.260.40-14.422.72.140.85-5.321.96Room sharing

.340.35-9.862.20.150.23-1.190.55Mask wearing

.0071.92-28.696.15.0042.09-24.925.94RTLSe (reference: conventional)

aLogistic regression was used to calculate the risk of secondary transmission. Variables with clinical significance and statistical significance in the
univariate analysis were included in the model.
bOR: odds ratio.
cAdjustment for all the variables involved in the univariate model.
dDays passed from the last vaccination.
eRTLS: real-time locating system.

Discussion

Principal Findings
This study suggested that the RTLS has an added benefit for
identifying close contact cases associated with secondary
transmission of SARS-CoV-2 by identifying 64.5% (49/76)
additional cases that were not detected by the conventional
method. The RTLS had a higher power than the conventional

method for detecting high-risk contact cases that subsequently
developed COVID-19. However, the technology may not be
used separately from the conventional method owing to
moderate sensitivity.

Comparison With Prior Work
The utility of the RTLS for tracing contacts of multiple
transmissible diseases in a hospital setting has been explored
in previous studies. Researchers suggested that the RTLS has
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moderate to high sensitivity but a low positive predictive value
when compared with the conventional tracing method in
detecting contact cases for droplet-transmitted diseases such as
COVID-19 [21,23]. Our study showed that sensitivity was
higher for the RTLS tracing method (653/1088, 60.0%) than
the conventional tracing method (509/1088, 46.8%) considering
all contact cases identified by both methods. The value is not
acceptably high for its use as a single method for contact tracing.
However, this method showed promising results in terms of
efficiency. To the best of our knowledge, this study is the first
to discuss the efficiency of the RTLS for detecting high-risk
contact cases associated with secondary SARS-CoV-2 infection.
When all methods were combined, the secondary transmission
rate among health care staff and patients was 7.0%, while that
identified by the RTLS was 8.1% and that identified by the
conventional method was 5.3%. The average secondary
transmission rate was lower than that in the community setting
[24-26]. Based on the fact that the denominator involves contact
cases identified by methods with no known gold standard, a
higher secondary transmission rate may mean higher efficiency
of the contact tracing method. The logistic regression model
showed that the odds of detecting secondary transmission cases
was higher for the RTLS than the conventional method. This
may indicate that the RTLS is not inferior to conventional
methods in performing contact tracing, especially when
considering its time-saving characteristics.

The sensitivity of the RTLS was lower when the conventional
method was used as a reference (74/653, 11.3%). This
discrepancy is associated with inherent limitations of the RTLS
or conventional method. The efficacy of the RTLS is dependent
on the commitment of participants to wearing tags and the
frequency of the signal exciter [27]. As was shown in this study,
the tag-wearing behavior and location of participants were
associated with the discrepancy. Working as a young nurse was
associated with RTLS detection owing to a favorable
tag-wearing behavior. Conventional contact tracing relies
heavily on a person’s memory, which might be subjective and
inaccurate. It tends to be biased toward identifying vulnerable
contacts, such as hospitalized patients, which may be another
explanation for the discrepancy. The RTLS would be beneficial
when used for highly transmissible infectious diseases because
of its time-saving property, which can help detect more high-risk
contacts associated with secondary transmission. The
Kaplan-Meier curve showed a trend of increased detection of
secondary transmission cases through the RTLS toward the end
of our research when an increasing proportion of Omicron
variant cases was being reported on a weekly basis. However,
our results suggest that the RTLS cannot be used alone for
tracing contacts. Although the efficacy of the RTLS as an
adjunctive approach to the conventional method was noted,
separate and solitary use of the RTLS has not been verified.
The fact that nearly 40.0% (435/1088) of contact cases and
30.3% (23/76) of secondary contact cases could have been
missed without the conventional method is worth noting. Based
on the results of the analysis (Table 1) and the Kaplan-Meier
curve (Multimedia Appendix 3), we recommend using the RTLS
when tracing the contacts of persons with highly contagious
diseases, who are likely to wear tags, such as nursing staff, and
who share the same space for a long time.

Factors indicative of prolonged exposure to the symptomatic
source, such as room sharing and mask-wearing behavior, were
not associated with secondary transmission, which was
inconsistent with the findings of previous studies [28,29]. On
the other hand, being female increased the risk of secondary
transmission. This may be because nursing staff members were
mostly women at the institution and were involved in activities
that had high risks of transmission. Detailed information should
be collected to discuss the risk of transmission.

It needs to be noted that contact duration was not statistically
different between the 2 groups. This study has advantages in
determining the significance of contact duration in the
transmission of the disease owing to the implementation of
methods capable of quantifying time precisely. The average
time spent with confirmed patients was long, which is plausible,
considering the interactions taking place between individuals
in health care facilities. Maintaining strict precautions, such as
frequent hand washing, would be crucial for preventing disease
spread when the cumulative time surpasses a certain extent,
taking into consideration previous studies that emphasized the
role of fomites in disease transmission [30,31]. Furthermore,
there were 3 cases of transmission with less than 15 minutes of
contact time, which has been designated as a transmission cutoff
by the CDC. Considering that the number of participants
working in the high-risk department was not significantly
different (data not shown), aerosol-producing procedures were
not attributable to the finding, even though there was a risk of
transmission owing to high-risk behaviors, such as coughing
and sneezing. In light of previous reports indicating the failure
of containment of the disease with existing guidelines [32],
further efforts to elucidate the threshold of the transmission of
SARS-CoV-2 are warranted. The RTLS could be used for
research purposes to better characterize the transmission rate
of a novel disease or variant, thereby guiding institutional and
government policies.

Limitations
This study has some limitations that must be acknowledged.
First, the assumption of index cases may not be completely
accurate without a genetic analysis [25,29], especially
considering the high incidence of COVID-19 cases in the
community. Second, owing to the retrospective design of the
study, we could not confirm the extent of use of personal
protective equipment and the presence of symptoms, especially
for the contact cases identified by the RTLS. Third, we could
not accurately calculate the positive predictive value of the
RTLS contact tracing model because of the lack of verification.
Finally, we should take into consideration the cost of installation
of the RTLS, which may not be feasible in a resource-limited
setting. However, this study is significant in that it investigated
the utility of a novel technology in contact tracing in the
backdrop of a hospital environment, reflecting the real-world
circumstances where disease transmission actually takes place.
Our findings underscore the need for further studies
investigating the efficiency of the technology with prospectively
collected data.
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Conclusions
This study showed that novel technologies, such as the RTLS,
are beneficial when used as an adjunctive approach to the

conventional method for contact tracing, especially when
individuals share rooms with each other and under the influence
of highly transmissible diseases. However, the RTLS cannot
completely replace the traditional contact tracing method.
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Abstract

Background: Virtual care use increased during the COVID-19 pandemic. The impact of that shift on patient and provider
experiences is unclear.

Objective: We evaluated patient and provider experiences with virtual visits across an academic, ambulatory hospital in Toronto,
Canada and assessed predictors of positive experience with virtual care.

Methods: Survey data were analyzed from consenting patients who attended at least one virtual visit (video or telephone) and
from consenting providers who delivered at least one virtual visit. Distributions for demographic variables and responses to survey
questions are reported, with statistical significance assessed using chi-square tests and t tests. Ordinal logistic regression analysis
was used to identify any patient predictors of responses.

Results: During the study period, 253 patients (mean age 45.1, SD 15.6 years) completed 517 video visit surveys, and 147
patients (mean age 41.6, SD 16.4 years) completed 209 telephone visit surveys. A total of 75 and 94 providers completed the
survey in June 2020 and June 2021, respectively. On a scale from 1 to 10 regarding likelihood to recommend virtual care to
others, fewer providers rated a score of 8 or above compared with patients (providers: 62/94, 66% for video and 49/94, 52% for
telephone; patients: 415/517, 80% for video and 150/209, 72% for telephone). Patients of non-White ethnicity had lower odds
of rating a high score of 9 or 10 compared with White patients (odds ratio 0.52, 95% CI 0.28-0.99).

Conclusions: Patient experiences with virtual care were generally positive, but provider experiences were less so. Findings
suggest potential differences in patient experience by ethnicity, warranting further investigation into equity concerns with virtual
care.

(J Med Internet Res 2022;24(10):e38604)   doi:10.2196/38604
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Introduction

The COVID-19 pandemic has accelerated virtual care use in
many jurisdictions, stemming from the need for physical
distancing, preservation of personal protective equipment, and
the desire to adhere to public health guidance [1-3]. In the
province of Ontario, Canada, virtual care adoption was low
prior to the COVID-19 pandemic, in large part due to restrictive
reimbursement policies [4]. The onset of the pandemic led to
the introduction of temporary billing codes allowing for
reimbursement of various modalities of virtual care, including
videoconferencing across a wide range of platforms as well as
telephone visits [5]. During this global crisis, virtual care use
in Ontario increased significantly, from 1.6% of total ambulatory
visits in the second quarter of 2019 to 70.6% in the second
quarter of 2020 [6].

Many studies have been published on patient or provider
experiences with virtual care before and during the pandemic
[7-12]. Some studies have found positive experiences with
virtual visits due to reasons such as convenience and travel time
avoided [13-15], while other studies have reported that patients
and providers did not find the quality of virtual visits to be better
than in-person visits [16]. However, to our knowledge, the
literature on patient and provider experiences with virtual care
has been mostly limited to small-scale studies localized to a
specific clinical program. Furthermore, few have attempted to
address potential equity considerations that might contribute to
differences in patient experience [17,18]. As virtual care
becomes more prevalent, so does the potential issue of the digital
divide, in which patients of marginalized populations, such as
older age, lower health literacy, non-White ethnic backgrounds,
or lower income, may have worse access to or experiences with
virtual health services compared with others for reasons such
as lack of access to technology or resources in general,
discrimination, and limited digital health literacy [19,20].

At Women’s College Hospital (WCH), an academic ambulatory
hospital in Toronto, Ontario, Canada, virtual care adoption
accelerated during the COVID-19 pandemic. In-person
ambulatory visits throughout the hospital were largely replaced
with video or telephone appointments. In this study, our
objective was to use data from WCH during the pandemic to
describe patient and provider experiences with virtual care
across various clinical areas and to identify demographic
characteristics associated with patient experience.

Methods

Context
WCH is an ambulatory, academic facility in Toronto, Canada
and is fully affiliated with the University of Toronto. From an
administrative perspective, virtual visits are scheduled almost
identically to in-person visits, the only difference being the visit
type used. For video visits specifically, the electronic medical
record is able to automatically create video encounters with the
use of an existing platform (ie, Zoom, a video conferencing
service that can be licensed for secure use for health care
purposes) when specific video visit types are used. When
booking a phone visit, it is clearly identified to clinicians that

the visit is to take place by phone. The hospital provided
resources on its website, notifying patients of the option of video
virtual care and its availability as well as how to use it, including
training videos and guides. Otherwise, patients would have been
presented with the option during phone calls with administrative
staff or notified of a virtual video or phone visit within the
appointment notification letter they received. Clinicians were
encouraged to curate their environment prior to conducting
virtual visits, especially by video. In many instances, clinicians
continued to work within the clinic when conducting virtual
care, though several clinics or departments worked mostly or
entirely from home. Regardless, creating private space and
ensuring the use of appropriate technology were encouraged.
Clinicians were also encouraged to collect appropriate
identifying information from patients, much as would occur
during check-in during an in-person visit. On the patient end,
the resources provided to them motivated them to treat virtual
encounters much as they would in-person encounters, including
ensuring their own private space, being in a well-lit area, and
minimizing background distractions.

Ethical Approval
This study received ethics approval from the WCH Research
Ethics Board (REB # 2019-0191-E).

Data Sources and Population
Data were collected from surveys administered to consenting
patients who attended at least one virtual visit (video or
telephone) at any clinic within WCH who consented via digital
consent to be sent a patient experience survey after their visit.
Patients had to be registered in the patient portal to receive the
digital consent via the electronic medical record. Patients were
offered the opportunity to complete the survey after every virtual
visit attended. We analyzed patient experience survey data for
video visits from May 2020 to May 2021 (253 patients and 517
responses). As survey deployment for telephone visits was
delayed due to staff shortages in the second pandemic wave,
we analyzed data for telephone visits since survey launch from
October 2020 to May 2021 (147 patients and 209 responses).
Provider experience surveys were administered twice, in June
2020 and June 2021, for those who delivered at least one virtual
visit at any clinic within the hospital. Both patient and provider
surveys included questions regarding demographic
characteristics and satisfaction with virtual care, with
opportunities for written feedback. Patient and provider survey
questions can be found in Multimedia Appendix 1.

Statistical Analysis
Descriptive statistics were used to summarize demographic
characteristics and responses to patient experience questions
among all patients and new patients (defined as those who had
an initial visit with a clinic during the study period) who
attended at least one virtual visit at the hospital. The following
demographic characteristics were self-identified through survey
responses: age, gender, ethnicity, household income, and
English-language proficiency. Overall marginalization was
determined using the Ontario marginalization index (ON-Marg)
[21], which was linked to patient postal codes. ON-Marg is a
tool that measures deprivation on multiple levels, including
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economic, ethnoracial, age-based, and social marginalization.
Chi-square tests, Fischer exact tests, and t tests were performed
as applicable to compare demographic characteristics and
responses to various questions regarding patient experience (eg,
helpfulness of the virtual visit, likelihood of recommending
virtual visits to a friend) between patients who attended video
appointments and patients who attended telephone appointments.

The net promoter score, a metric used to measure a client’s
willingness to recommend a company’s product or services
[22], was also calculated for video and telephone visits. As the
net promoter score can range from –100% to +100%, any score
greater than 0% can be considered a desirable score [23]. Ordinal
logistic regression analysis was performed on all survey
responses to identify any patient demographic variables that
may predict their response to select questions on likelihood to
recommend virtual visits and perceived helpfulness of the virtual
visits. Findings from the regression model compare the odds of
choosing an answer in the highest category compared with the
other 2 categories (eg, rating of 9-10 compared with ratings of
1-6 and 7-8). Only patients with complete responses to all
relevant survey questions were included in the models. Provider
ratings to various survey questions on their experience, including
the perceived quality of the virtual visit compared with an
in-person visit, the amount of time and effort required to conduct
the virtual visit, and others, were compared descriptively
between June 2020 and June 2021.

Results

Patient Experience
Among all virtual visits for patients registered to the patient
portal during the study period, the proportion of individuals
who consented to be sent a survey was 1057 of 1872 (56.5%)
for video visits and 259 of 358 (72.3%) for phone visits. Among
those who consented, 517 of 1057 (48.9%) video visit surveys
and 209 of 259 (80.7%) phone visit surveys were completed.
Baseline characteristics of all patients who responded to at least
one video or telephone survey are reported in Table 1. A total
of 253 unique patients completed 517 video surveys, while 147
unique patients completed 209 telephone surveys. There were
more women (130/147, 88.4% vs 195/253, 77.1%; P=.005) and
older patients (mean age 45.1, SD 15.6 years vs mean 41.6, SD
16.4 years; P=.04) who completed telephone visit surveys
compared with video visit surveys. Among survey respondents

who were new patients, telephone users were also older than
video users (mean age 50.5, SD 17.5 years vs mean 41.3, SD
15.3 years; P=.02; Table S1 in Multimedia Appendix 2). The
top clinical departments through which patients attended the
virtual visits are listed in Tables S2 and S3 in Multimedia
Appendix 2.

Table 2 reports patient responses regarding their experience
with virtual care. Most patients found their virtual visit to be
very helpful for their health issue (417/517, 80.7% for video
and 154/209, 73.7% for telephone). When asked what they
would have done if a virtual visit with the doctor was not
available, most selected “I would not have sought care at that
time” (198/517, 38.3% of video users and 43/209, 20.6% of
telephone users), “Scheduled an in-person visit with this doctor”
(192/517, 37.1% of video users and 99/209, 47.4% of telephone
users), or “See/talk to my family doctor” (145/517, 28.1% of
video users and 58/209, 27.8% of telephone users). On a scale
of 1 to 10 regarding likelihood to recommend virtual care to a
friend, most patients responded with a rating of 8 or above
(415/517, 80.3% of video users and 150/209, 71.8% of telephone
users). The net promoter score for video visits was higher than
that for telephone visits (60.2% vs 40.4%). Findings were similar
when only considering new patients (Table S4 in Multimedia
Appendix 2). However, the difference in net promoter scores
between video and telephone visits was greater for new patients
(51.8% for video vs 15.0% for telephone). The majority of
patients (405/517, 78.3% for video and 146/209, 69.9% for
telephone) preferred to have the option of virtual visits after
COVID-19.

We report results for the ordinal logistic regression models in
Table 3. In model 1, 255 patients with complete responses were
included, and 268 patients were included in model 2. From
model 1, ethnicity and age group were significant predictors of
the likelihood of recommending video or phone visits to a friend.
Specifically, patients who were non-White had lower odds of
rating a high score of 9 or 10 compared with White patients
(odds ratio [OR] 0.52, 95% CI 0.28-0.99), and patients aged 50
years to 59 years had lower odds of rating a high score of 9 or
10 compared with patients aged 30 years to 39 years (OR 0.26,
95% CI 0.11-0.64). None of the independent variables (ethnicity,
family income, overall marginalization, gender, and age)
assessed in model 2 appeared to be significant predictors of
how helpful the virtual visit was in addressing the patient’s
health issue.
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Table 1. Baseline patient characteristics of all video and phone survey respondents.

P valuecPhone visit survey
respondents among
nonmissing respon-
dents, n (%)

Phone visit survey
respondents

(n=147)b

Video visit survey
respondents among
nonmissing respon-
dents, n (%)

Video visit survey
respondents

(n=253)a

Characteristic

Gender, n (%)

.005130 (88.4)130 (88.4)195 (77.1)195 (77.1)Female

17 (11.6)17 (11.6)58 (22.9)58 (22.9)Male

.04N/A45.1 (15.6)N/Ad41.6 (16.4)Age (years), mean (SD)

Total family income (CAD) in previous yeare, n (%)

.828 (5.5)g8 (5.4)9 (8.3)f9 (3.5)0 to 29,999

12 (8.2)g12 (8.2)10 (9.3)f10 (4.0)30,000 to 59,999

20 (13.7)g20 (13.6)12 (11.1)f12 (4.7)60,000 to 89,999

17 (11.6)g17 (11.6)15 (13.9)f15 (5.9)90,000 to 119,000

10 (6.8)g10 (6.8)4 (3.7)f4 (1.6)120,000 to 149,000

27 (18.5)g27 (18.4)26 (24.1)f26 (10.3)150,000 or more

8 (5.5)g8 (5.4)5 (4.6)f5 (2.0)Do not know

44 (30.1)g44 (29.9)27 (25.0)f27 (10.7)Prefer not to answer

N/A1 (0.7)N/A145 (57.3)Missing

Ethnicityh, n (%)

.54102 (70.8)j102 (69.4)82 (73.2)i82 (32.4)White

19 (13.2)j19 (12.9)9 (8.0)i9 (3.6)Asian

4 (2.8)j4 (2.7)4(3.6)i4 (1.6)Black

2 (1.4)j2 (1.4)5 (4.5)i5 (2.0)Latin American

1 (0.7)j1 (0.7)1 (0.9)i1 (0.4)Indigenous

2 (1.4)j2 (1.4)2 (1.8)i2 (0.8)Middle Eastern

8 (5.6)j8 (5.4)3 (2.7)i3 (1.2)Mixed heritage/other(s)

6 (4.2)j6 (4.1)6 (5.4)i6 (2.4)Prefer not to answer

N/A3 (2.0)N/A141 (55.7)Missing

English-speaking ability, n (%)

.77139 (94.6)k139 (94.6)108 (96.4)i108 (42.7)Very well

7 (4.8)k7 (4.8)3 (2.7)i3 (1.2)Well

1 (0.7)k1 (0.7)1 (0.9)i1 (0.4)Not well

N/A0 (0)N/A141 (55.7)Missing

Ontario marginalization index, n (%)

.3716 (11.6)m16 (10.9)36 (14.9)l36 (14.2)Marginalized

122 (88.4)m122 (83.0)206 (85.1)l206 (81.4)Not marginalized

N/A9 (6.1)N/A11 (4.4)Missing

aNumber of unique patients who responded of 517 video survey responses received. The same patient may be counted multiple times.
bNumber of unique patients who responded of 209 phone survey responses received. The same patient may be counted multiple times.
cP value compares the distribution of demographic variables between video and telephone groups.
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dN/A: not applicable.
eP value compares <$90,000 with ≥$90,000.
fn=108.
gn=146.
hP value compares White with non-White.
in=112.
jn=144.
kn=147.
ln=242.
mn=138.
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Table 2. Video and phone survey responses.

P valueaPhone visit responses

(n=209)

Video visit responses

(n=517)

Question

To what degree did the video or phone visit help you with the health issue for which you needed the appointment?, n (%)

.141 (0.5)3 (0.6)Not at all helpful

2 (1.0)3 (0.6)Not helpful

15 (7.2)17 (3.3)Neutral

35 (16.8)75 (14.5)Somewhat helpful

154 (73.7)417 (80.7)Very helpful

2 (1.0)2 (0.4)Missing

What would you have done if you were not able to see your doctor through a video or phone visit?b, n (%)

<.0012 (1.0)20 (3.9)Walk-in clinic

6 (2.9)32 (6.2)Emergency department

58 (27.8)145 (28.1)See/talk to my family doctor

99 (47.4)192 (37.1)Scheduled an in-person visit with this doctor

43 (20.6)198 (38.3)I would not have sought care at that time

1 (0.5)0 (0)Missing

How likely are you to recommend video or phone visits to a friend on a scale of 1 to 10? (1 = would not recommend and 10 = would highly
recommend), n (%)

.022 (1.0)1 (0.2)1

4 (1.9)1 (0.2)2

0 (0.0)3 (0.6)3

2 (1.0)3 (0.6)4

13 (6.2)20 (3.9)5

11 (5.3)17 (3.3)6

16 (7.7)42 (8.1)7

38 (18.2)68 (13.2)8

26 (12.4)78 (15.1)9

86 (41.2)269 (52.0)10

11 (5.3)15 (2.9)Missing

N/Ac40.460.2Net promoter score, %

Would you like the option to continue having virtual visits with your health care providers after COVID-19?, n (%)

.00419 (9.1%)19 (3.7%)No

44 (21.1%)89 (17.2%)Not sure

146 (69.9%)405 (78.3%)Yes

0 (0%)4 (0.8%)Missing

aP value compares the distribution of survey responses between video and telephone groups.
bMultiselect question for video visit survey.
cN/A: not applicable.
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Table 3. Ordinal logistic regression analysis results.

Model 2: To what degree did the video or
phone visit help you with the health issue

for which you needed the appointment?b

(n=268)

Model 1: How likely are you to recom-
mend video or phone visits to a friend on
a scale of 1 to 10? (1 = would not recom-

mend and 10 = would highly recommend)a

(n=255)

Variable

P valueOR (95% CI)P valueORc (95% CI)

Ethnicity (reference: White)

.690.87 (0.42-1.77).0470.52 (0.28-0.99)Non-White

.691.33 (0.33-5.39).781.19 (0.35-4.12)Prefer not to answer

Family income (reference: $150,000 CAD or more)

.611.56 (0.28-8.61).163.28 (0.63-17.09)0 to 29,999

.280.51 (0.15-1.72).390.62 (0.21-1.84)30,000 to 59,999

.610.74 (0.24-2.33).210.52 (0.19-1.45)60,000 to 89,999

.070.38 (0.13-1.09).420.67 (0.25-1.76)90,000 to 119,000

.250.42 (0.10-1.81).841.16 (0.26-5.20)120,000 to 149,999

.440.60 (0.17-2.14).501.53 (0.44-5.29)Do not know

.360.65 (0.26-1.64).110.52 (0.23-1.15)Prefer not to answer

Gender (reference: Male)

.161.70 (0.81-3.58).980.99 (0.48-2.04)Female

Overall marginalization (reference: Not marginalized)

.142.15 (0.78-5.89).161.87 (0.78-4.49)Marginalized

Age group (years; reference: 30-39)

.821.29 (0.15-11.28).210.32 (0.05-1.92)0-18

.570.76 (0.29-1.99).310.63 (0.26-1.54)19-29

.460.72 (0.31-1.71).420.73 (0.34-1.58)40-49

.200.53 (0.20-1.40).0030.26 (0.11-0.64)50-59

.671.30 (0.39-4.35).761.19 (0.39-3.63)60-69

.730.83 (0.28-2.41).920.95 (0.33-2.75)≥70

aOutcome categories: “1-6,” “7-8,” “9-10.”
bOutcome categories: “not helpful or neutral,” “somewhat helpful,” “very helpful.”
cOR: odds ratio.

Provider Experience
A total of 75 providers completed the survey in June 2020, and
94 providers completed the survey in June 2021 (Table 4). The
top 3 survey respondents among providers in 2020 were
physicians (47/75, 63%), social workers (7/75, 9%), and
psychotherapists (6/75, 8%), while the top 3 provider survey
respondents in 2021 were physicians (48/94, 51%), social
workers (9/94, 10%), and physiotherapists (8/94, 9%). In both
2020 and 2021, most providers who delivered virtual visits had
been practicing for 10 or more years (40/75, 53% in 2020 and
61/94, 65% in 2021).

Responses to the provider experience surveys are shown in
Table 5. When asked whether the quality of the virtual visit was

similar to that of an in-person visit, 13% (10/75) selected agree
or strongly agree in 2020, compared with 28% (26/94) in 2021.
In 2020, 67% (50/75) of providers felt that video visits enabled
them to sufficiently address their patient’s clinical need
compared with 70% (66/94) in 2021. Most providers planned
to continue using video visits after the need for physical
distancing decreased (53/75, 71% in 2020 and 69/94, 73% in
2021). When asked to rate on a scale of 1 to 10 their likelihood
of recommending other providers to do virtual visits for patients,
most providers rated a score of 8 or above in 2020 (47/75, 63%
for video and 46/75, 61% for telephone) and in 2021 (62/94,
66% for video and 49/94, 52% for telephone). The net promoter
scores for video visits were 17.8% in 2020 and 30.4% in 2021,
while the net promoter scores for telephone visits were 19.2%
in 2020 and 1.1% in 2021.
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Table 4. Baseline characteristics of providers who delivered at least one virtual visit.

June 2021 (n=94), n (%)June 2020 (n=75), n (%)Variable

Provider type

2 (2)0 (0)Dietitian

2 (2)2 (3)Kinesiologist

7 (8)2 (3)Nurse

5 (5)2 (3)Nurse practitioner

2 (2)2 (3)Occupational therapist

1 (1)0 (0)Pharmacist

48 (51)47 (63)Physician

8 (9)4 (5)Physiotherapist

2 (2)1 (1)Psychologist

5 (5)6 (8)Psychotherapist

3 (3)1 (1)Social service worker

9 (10)7 (9)Social worker

0 (0)1 (1)Other

Years in practice

9 (10)9 (12)1-2

10 (11)7 (9)3-5

6 (6)12 (16)6-7

7 (8)6 (8)8-9

61 (65)40 (53)≥10

1 (1)1 (1)Missing
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Table 5. Provider experience survey responses.

June 2021 (n=94)June 2020 (n=75)Question

The quality of examination virtually was similar to an in-person exam., n (%)

11 (12)11 (15)Strongly disagree

21 (22)30 (40)Disagree

17 (18)11 (15)Neutral

20 (21)9 (12)Agree

6 (6)1 (1)Strongly agree

19 (20)13 (17)Missing

The video visit enabled me to sufficiently address the patient’s clinical need., n (%)

2 (2)0 (0)Strongly disagree

3 (3)7 (9)Disagree

15 (16)12 (16)Neutral

38 (40)41 (55)Agree

28 (30)9 (12)Strongly agree

8 (9)6 (8)Missing

I spent the same amount of time on the video visit as I would have for an in-person visit., n (%)

3 (3)4 (5)Strongly disagree

17 (18)16 (21)Disagree

6 (6)7 (9)Neutral

35 (37)28 (37)Agree

24 (26)13 (17)Strongly agree

9 (10)7 (9)Missing

I spent the same amount of effort on the video visit as I would have for an in-person visit., n (%)

6 (6)4 (5)Strongly disagree

22 (23)29 (39)Disagree

12 (13)11 (15)Neutral

27 (29)17 (23)Agree

16 (17)8 (11)Strongly agree

11 (12)6 (8)Missing

I feel I can deliver the same quality care using video visits as in person., n (%)

9 (10)1 (1)Strongly disagree

12 (13)23 (31)Disagree

19 (20)23 (31)Neutral

35 (37)24 (32)Agree

18 (19)2 (3)Strongly agree

1 (1)2 (3)Missing

I feel I can deliver the same quality care using phone visits as in person., n (%)

9 (10)2 (3)Strongly disagree

22 (23)26 (35)Disagree

21 (22)23 (31)Neutral

27 (29)22 (29)Agree

15 (16)2 (3)Strongly agree

0 (0)0 (0)Missing
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June 2021 (n=94)June 2020 (n=75)Question

I plan to continue using video visits after the need for physical distancing decreases., n (%)

4 (4)0 (0)Strongly disagree

4 (4)6 (8)Disagree

15 (16)16 (21)Neutral

24 (26)31 (41)Agree

45 (48)22 (29)Strongly agree

2 (2)0 (0)Missing

On a scale of 1 to 10, how likely are you to recommend other providers like yourself do video visits for patients?, n (%)

2 (2)1 (1)1

1 (1)0 (0)2

1 (1)1 (1)3

2 (2)2 (3)4

5 (5)3 (4)5

6 (6)4 (5)6

13 (14)15 (20)7

17 (18)23 (31)8

15 (16)10 (13)9

30 (32)14 (19)10

2 (2)2 (3)Missing

30.417.8Net promoter score, %

On a scale of 1 to 10, how likely are you to recommend other providers like yourself do phone visits for patients?, n (%)

3 (3)0 (0)1

3 (3)1 (1)2

3 (3)0 (0)3

3 (3)0 (0)4

12 (13)4 (5)5

10 (11)7 (9)6

11 (12)15 (20)7

14 (15)20 (27)8

9 (10)11 (15)9

26 (28)15 (20)10

0 (0%)2 (3)Missing

1.119.2Net promoter score, %

Discussion

Principal Findings
This study describes the patient and provider experiences with
virtual visits during the COVID-19 pandemic across an
academic ambulatory hospital in Toronto, Canada. Feedback
for virtual visits was generally positive among patients. Video
visits were the preferred modality over telephone among many
patients, particularly for those who were new patients. However,
we found that patients of non-White background were less likely
to recommend virtual visits compared with those of White

background. Provider experiences with virtual visits were less
positive compared with those of their patients, but there was a
general improvement in provider feedback from 2020 to 2021.

Comparison With Prior Work
Most patients found that their virtual visit was helpful in
addressing their health issue and rated a high score when asked
to what degree they would recommend virtual visits to a friend.
However, a higher proportion of patients reported video visits
to be “very helpful” compared with telephone visits. Similarly,
the net promoter score was much higher for video visits
compared with telephone visits. In our study, patients who
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completed telephone visit surveys were generally female and
older in age compared with patients who completed video visits.
In the literature, older patients are less likely to engage in virtual
care than in in-person care and even less likely to choose video
than telephone [24,25].

In our study, several patients indicated in the open-ended
questions that they would prefer video over telephone due to
the ability to see the provider and observe facial expressions
and body language. Other studies have also cited the benefit of
increased human connection that accompanies video platforms
[26]. The difference in net promoter scores was even greater
among new patients, with video visits reaching a significantly
higher score compared with telephone visits. Video visits enable
patients to see their provider, which supports the development
of a patient-provider relationship especially for an initial
encounter. These results contrast with findings from a systematic
review that reported no significant differences in patient
satisfaction between video and telephone visits, but they did
not stratify initial versus follow-up encounters [27]. This may
also be attributed to our sample consisting of younger
individuals. It is likely that younger patients prefer video visits
more so than older patients who may prefer telephone visits due
to ease of access [28].

Despite the generally positive feedback for virtual visits, a small
proportion of patients did not find the visit helpful or rated a
low recommendation score. The open-ended responses suggest
that some patients were unhappy with the delay in their
appointment start time and the lack of communication from the
clinic in such cases. Published studies have cited other patient
criticisms of virtual visits such as technical issues with
connection and quality of the call [29], a lack of privacy at home
when attending virtual visits [30], and a preference for in-person
visits for certain physical health issues or to build a relationship
with their provider [31]. Overall, it appears that many patients
had positive experiences with their virtual visit(s), with several
citing reasons such as convenience and that they were able to
save time and money [13].

Findings from the regression model indicate that non-White
patients were less likely to recommend virtual visits to a friend
compared with White patients. Mixed findings are reported in
the literature, with several studies showing no significant
differences in patient experience with virtual care by ethnicity
[32-34], while others have shown that patients of non-White
backgrounds are more likely to have lower satisfaction with
virtual visits compared with their White counterparts [17,35].
Upon analysis of the average recommendation scores for video
versus telephone visits by ethnicity, shown in Table S5 in
Multimedia Appendix 2, Asian and Black patients had similar,
if not better, scores than White patients; however, ratings were
generally lower for the other ethnic groups. Reasons for this
disparity remain unclear and should be investigated in future
work. Among all age groups of interest, only patients aged 50
years to 59 years were found to be less likely to recommend
virtual visits than patients aged 30 years to 39 years (the
reference group). This may be explained by older patients’
preferences toward in-person care or the technological barriers
they may encounter with virtual visits [36,37]; however, this
association did not persist in the older age groups (those older

than 60 years) for reasons unknown. We do note that there were
no significant differences in experience found for the other
demographic variables assessed (family income, overall
marginalization, sex, and most age groups), which may be a
positive sign that the delivery of virtual visits may have helped
to bridge the gap in equitable health care access in certain ways;
for example, lower income patients may find it easier to attend
a virtual visit than request time off work to attend in-person
care, or older patients with mobility issues may find it easier to
attend a virtual visit than an in-person visit.

Our findings are consistent with other studies that found lower
satisfaction with virtual care among health care providers
compared with patients [38]. Our findings show that the net
promoter scores were lower for both video and telephone visits
when rated by providers than by patients. Open-ended responses
from the provider surveys suggest that many providers felt that
they needed to provide a physical examination to adequately
address their patient’s health needs, similar to findings from the
available literature [39]. Other providers felt that the quality of
the virtual visit was lower than that of an in-person visit. Several
also cited technical issues, particularly with video visits, as a
deterrent for virtual care. Studies examining provider experience
with virtual care reported similar reasons for provider
dissatisfaction [40], with less than one-half of providers
preferring virtual over in-person care [41].

From a provider standpoint, there appeared to be an increase in
positive feedback for virtual visits across most survey questions
from 2020 to 2021, including quality of virtual visit, time and
effort spent on virtual visit, and preference to use virtual care
after the pandemic. This may be because, as providers had more
experience with virtual care, their self-efficacy may have
improved. Another explanation is that the proportion of all visits
that were virtual was higher in 2020 than in 2021, so the
appropriateness of virtual care for the visit reason was likely
also higher in 2021. Several studies have reported that clinicians
have a positive outlook on virtual visits [13], particularly within
the mental health field [39,42] in which physical examinations
play a lesser role in clinical practice compared with other
specialties. However, we note that the providers’ net promoter
score for telephone visits decreased significantly from 2020 to
2021, while scores for video visits increased. A possible
explanation supported by open-text portions of the survey is
that providers may have been more comfortable and proficient
with providing video visits and preferred the face-to-face
connection that can be missing from telephone communication,
but this merits further exploration.

Strengths and Limitations
A strength of this study is that it provides the patient and
provider perspectives on virtual care in a large ambulatory
hospital setting with responses across many clinical specialties
and programs. Our findings also offer insights into both patient
and provider experiences and into some of the demographic
differences in experience with virtual care to identify potential
equity issues. Nonetheless, our study does have several
limitations. The overall response rate for demographic questions
in the video survey was lower than anticipated due to a technical
error in survey deployment. Furthermore, despite our equity
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focus, there are limitations in the demographic insights that can
be gleaned. First, although we captured several important
demographic variables in this study, we were unable to assess
the association between patient experience and other potentially
relevant characteristics, such as education level, employment,
and immigration status. The low proportion of patients who
consented to receive surveys and the fact that surveys could
only be sent to patients who had a valid email address and were
registered on the portal system would have limited responses,
including from certain marginalized and underserviced groups.
We also acknowledge the possibility that patients who have
fewer positive experiences with virtual visits may be less
inclined to complete the survey, which would potentially bias
the findings to be more positive. However, our analysis was
still able to detect a difference in experience among patients of
ethnic minorities. Finally, an electronic survey does not offer
a deep understanding of experience, particularly among
marginalized groups, as opportunities for feedback is limited
and patients may not feel as comfortable sharing their thoughts
on the platform due to confidentiality concerns. Future studies
of patient experiences with virtual care should include interviews
or focus groups with patients from underserved communities.
We also surveyed patients seen in specialty clinics within an

ambulatory care hospital and did not include primary care patient
surveys. Last, these findings reflect the experiences of patients
and providers in a single institution within a universal health
care system and therefore may not be generalizable to other
settings.

Conclusions
This study summarizes the patient and provider experiences
with virtual care across an academic ambulatory hospital in
Toronto, Canada during the COVID-19 pandemic. Virtual care,
comprised of video and telephone visits, was generally
well-received among most patients, with many favoring video
visits over telephone visits especially for new patients. However,
virtual care was less endorsed among many providers.
Furthermore, patients with non-White ethnic backgrounds were
less likely to recommend virtual visits. These findings provide
important contributions regarding understanding overall patient
and provider experiences with virtual care as well as predictors
of patient experience. Given the prospect of the hybrid modality
of care delivery that includes both virtual and in-person options
of care delivery post-COVID-19, future work should aim to
develop ways to understand factors to improve patient and
provider experiences with virtual care and to assess the impact
of virtual modalities on patient outcomes and quality of care.
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Abstract

Background: Sexually transmitted diseases (STDs) are common and costly, impacting approximately 1 in 5 people annually.
Reddit, the sixth most used internet site in the world, is a user-generated social media discussion platform that may be useful in
monitoring discussion about STD symptoms and exposure.

Objective: This study sought to define and identify patterns and insights into STD-related discussions on Reddit over the course
of the COVID-19 pandemic.

Methods: We extracted posts from Reddit from March 2019 through July 2021. We used a topic modeling method, Latent
Dirichlet Allocation, to identify the most common topics discussed in the Reddit posts. We then used word clouds, qualitative
topic labeling, and spline regression to characterize the content and distribution of the topics observed.

Results: Our extraction resulted in 24,311 total posts. Latent Dirichlet Allocation topic modeling showed that with 8 topics for
each time period, we achieved high coherence values (pre–COVID-19=0.41, prevaccination=0.42, and postvaccination=0.44).
Although most topic categories remained the same over time, the relative proportion of topics changed and new topics emerged.
Spline regression revealed that some key terms had variability in the percentage of posts that coincided with pre–COVID-19 and
post–COVID-19 periods, whereas others were uniform across the study periods.

Conclusions: Our study’s use of Reddit is a novel way to gain insights into STD symptoms experienced, potential exposures,
testing decisions, common questions, and behavior patterns (eg, during lockdown periods). For example, reduction in STD
screening may result in observed negative health outcomes due to missed cases, which also impacts onward transmission. As
Reddit use is anonymous, users may discuss sensitive topics with greater detail and more freely than in clinical encounters. Data
from anonymous Reddit posts may be leveraged to enhance the understanding of the distribution of disease and need for targeted
outreach or screening programs. This study provides evidence in favor of establishing Reddit as having feasibility and utility to
enhance the understanding of sexual behaviors, STD experiences, and needed health engagement with the public.

(J Med Internet Res 2022;24(10):e37258)   doi:10.2196/37258
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Introduction

More than 2.5 million cases of chlamydia, gonorrhea, and
syphilis were reported in 2019, with sexually transmitted
diseases (STD) cases reaching an all-time high for the sixth
consecutive year in the United States [1]. STDs are common
and costly, impacting approximately 1 in 5 people annually and
accounting for US $16 billion in annual health care costs [2].
New data from the Centers for Disease Control and Prevention
demonstrate that during the start of the COVID-19 pandemic
(from March to April 2020), reported STD cases dramatically
decreased compared to the same time in 2019. At that point,
the current cumulative totals for STD cases compared to 2019
were 1% lower for primary and secondary syphilis, 7% lower
for gonorrhea, and 14% lower for chlamydia [3]. Although case
reports were lower for the first part of 2020, cases rebounded
later in the year and were on track to surpass 2019 totals [3].

Multiple factors likely contributed to the observed decrease in
reported STD cases during the early phases of the COVID-19
pandemic. Restrictions of in-person clinic visits resulted in
reduced screening of asymptomatic patients. The Centers for
Disease Control and Prevention provided guidance for sexual
health services to prioritize patients based on symptoms and
risk, along with delaying routine screening until after the
emergency response [4]. Many health department staff were
redeployed from STD tracking to COVID-19 contact tracing
and control [5]; 57% of disease intervention specialists reported
that they were reassigned from STD to COVID-19 services,
limiting the workforce available to provide STD prevention,
screening, and treatment [5]. Finally, national stay-at-home
orders were issued during phases of the pandemic that were
designed to reduce the spread of COVID-19 but may also have
reduced STD transmission by reducing sexual behavior outside
of the household, limiting the number of new sexual partners,
and restricting sexual networks [6].

Recent estimates indicate that 80% of all internet users report
accessing health information on the web [7]. As the internet can
be accessed anonymously and at any time, users can seek STD
information and resources confidentially, which may facilitate
more frequent and open disclosure of symptoms and exposure
experiences [8]. Reddit, the sixth most used internet site in the
world, is a user-generated social media discussion platform that
may be useful in monitoring discussion about STD symptoms
and exposure [9]. Reddit is considered one of the most authentic
web spaces as there are safeguards against “bot accounts” and
rich communication occurs without the barrier of requiring
demographic or identifying information to join [10,11]. Prior
health research has established that Reddit is an acceptable
platform to conduct scientific investigations [10,12,13].
Topic-specific Reddit discussions (subreddits) dedicated to
discussing sexual health and STDs may provide valuable insight

to exposure, symptoms, testing, and sexual behavior during the
COVID-19 pandemic. Prior analyses of Reddit discussion
content have been conducted across different diseases and health
conditions, including smoking cessation, atopic dermatitis,
suicide, and pregnancy [10-13]. To derive meaningful and
replicable information from Reddit discussion content, the
complexity of high-volume text data needs numerical structure
implemented in an unbiased way. Latent Dirichlet Allocation
(LDA) is a natural language processing method that identifies
common words and topics in text and allows experts to assess
common themes among findings [14]. This study sought to
define and identify patterns and insights into STD-related
discussions on Reddit via LDA over the course of the
COVID-19 pandemic. Our team hypothesized that there would
be an increase in the volume of STD-related posts on Reddit
and the variation of topics during the COVID-19 pandemic
compared to the prepandemic period due to behavior changes
during the COVID-19 pandemic.

Methods

Ethics Approval
The study protocol was determined to be nonhuman subjects
research by the Ann & Robert H. Lurie Children’s Hospital
Institutional Review Board (IRB#2022-4964) because of the
use of publicly available, nonidentifiable data.

Data Extraction
This study used publicly available data from the web-based
discussion forum, Reddit. Reddit is an anonymous social media
site that is user-generated and discussion-based. The site is
organized into “subreddits” that are content-specific. Posts were
extracted from 2 subreddits: “STD” (r/STD) and “sexual
health”(r/sexualhealth). However, due to the small number of
posts in r/sexual health, we only used the subreddit r/STD in
our analysis. The pushshift Reddit application programming
interface was used for searching Reddit comments and
submissions [15]. Reddit’s official application programming
interface (Reddit 2021) was used to collect posts and associated
metadata (date) from r/STD and r/sexualhealth from March
2019 to July 2021, resulting in 24,311 posts [10]. Only
English-language posts were included in the analysis. Figure 1
displays the number of posts that were extracted from each
subreddit for the time frames used in the analysis.
“Pre–COVID-19” was defined as ranging from March 2019 to
February 2020 (8421 posts); “COVID-19, prevaccination” was
defined as ranging from April to December 2020 (8169 posts);
“COVID-19, postvaccination” was defined as ranging from
January to July 2021 (6908 posts); and an inflection period was
defined as March 2020 (813 posts). Based on the most current
literature, we reasonably supposed the absence of seasonality
in sexually transmitted infection (STI) cases [16,17].
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Figure 1. Distribution of volume of posts for study time periods from March 2019 to July 2021, resulting in a total of 24,311 posts.

Data Preprocessing
Data preprocessing steps were conducted following common
approaches in natural language processing [18]. Preprocessing
eliminates some of the inconsistencies in the data and reduces
the content to useable text. In all, 4 preprocessing steps were
completed on each line from the text file to extract and clean
each title, body, and comment separately: (1) the removal of
URLs, (2) tokenization, (3) punctuation and stop word removal,
and (4) lemmatization [19-21].

Statistical Analysis

LDA Topic Modeling
We used an increasingly popular topic modeling method, LDA,
to conduct a text analysis identifying the most common topics
discussed in the Reddit posts [22]. LDA is a statistical generative
model that discovers latent semantic topics in large collections
of text documents (posts in our study), where each document
results from random mixtures over latent topics and each topic
is characterized by a distribution over words. The model is
presented in plate notation in Figure 2 [14]. Both the topics and
words have a Dirichlet prior distribution, respectively, with α
being the parameter of the per-document Dirichlet prior on the
topics, and β being the parameter of the per-word Dirichlet prior
on the words. θm is the topic distribution for document m. ϕk is
the word distribution for topic k. Znm is the topic for the nth
word in the mth document. Wnm is the actual nth word in the
mth document. Considering the nature of its structure, LDA is
a multiple-level hierarchical Bayesian model.

To conduct the LDA, we converted the corpus to a
document-term matrix, comprising rows representing original

posts and columns representing each word in the corpus. Each
cell in the document-term matrix contains the frequency of times
a specific word (defined by the column) occurred in a specific
post (defined by the row). From this document-term matrix, the
entire corpus was represented, including patterns of words that
commonly occur together within the same post. We used the
gensim library to perform LDA model estimation, which
determined sets of words that appeared frequently together in
posts across sexual health subreddits [19].

The LDA model then outputs a topic-document matrix,
representing the relative importance of each topic in each
document. Models were applied to pre–COVID-19 posts from
March 2019 to February 2020 (8421 posts), prevaccination posts
from April to December 2020 (8169 posts), and postvaccination
posts from January to July 2021 (6908 posts; Figure 3). For
topic modeling, we excluded posts for the inflection period
(March 2020; 813 posts).

A key process in LDA is to estimate the optimal number of
topics. To estimate the number of topics, we used the topic
coherence index, which is the most consistent measure of human
interpretability [23]. Topic coherence measures score a single
topic by measuring the degree of semantic similarity between
high-scoring words in the topic. These measurements help
distinguish between topics that are semantically interpretable
topics and topics that are artifacts of statistical inference. The
higher the topic coherence score, the better the quality of the
model. To avoid overfit and sparsity and improve inference, we
selected the number of topics as 8. Topics were reviewed and
labeled independently by 2 experts in STD epidemiology and
control (AKJ and SDM). Once independent review was
completed, labels were discussed until consensus was reached,
resulting in 100% agreement.
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Figure 2. Latent Dirichlet Allocation in plate notation (adapted from Blei et al [14]).

Figure 3. Latent Dirichlet Allocation topic modeling on multiple time periods: (A) pre–COVID-19, (B) prevaccination, and (C) postvaccination.

Word Cloud
A word cloud is a text visualization technique that focuses on
the frequency of words and correlates the size and opacity of a
word to its frequency within a text body. The output is usually
an image that depicts different words in different sizes and
opacities relative to the word frequency. Separate frames were
created for posts containing the following terms: chlamydia,
gonorrhea, syphilis, gonorrhea/discharge/dysuria, and
syphilis/chancre/ulcer. After data preprocessing was completed,
each string was passed to the WordCloud function in Python to
generate a word cloud [24]. For WordCloud visualization, we
chose 3 etiologic terms (chlamydia, gonorrhea, and syphilis)
and 3 of the most common terminologies from the topic search:
herpes/herpes simplex virus (HSV)/human papillomavirus
(HPV; as a single topic, due to correlations), diagnosis/testing,
and STI/STD. Each separate word cloud was formed by
searching each word in the topic.

Spline Regression Plots
Spline regression modeling has become popular in applied
clinical research. Modern biostatistics makes use of spline
regression to model smooth functions such as time series,
cumulative effects, and frequency distributions and in survival
analysis. Spline regression is used to overcome the difficulties
of linear and polynomial regression algorithms. In linear
regression, the entire data set is considered once. Polynomial
regression can express a particular amount of curvature in a
nonlinear relationship, but in spline regression (a nonparametric
regression), the data set is divided into bins. Each bin of the

data is fitted with separate models. The points where the data
are divided into bins are called knots. In simpler words, splines
are piecewise polynomial functions. To identify patterns in the
change of the proportion of posts related to certain search terms
relative to the total number of posts in a particular month over
the entire study period (spanning from March 2019 to July
2021), a spline plot was created. The pre-COVID-19; inflection;
COVID-19, prevaccination; and COVID-19, postvaccination
periods were highlighted on the plots for a better understanding
of search trends across time. The plots were created using
ggplot2 package in R statistical software (R Foundation for
Statistical Computing) [25]. For spline regression, we used a
cubic B-spline basis with 2 boundary knots and 1 interior knot
placed at the median of the observed data values. As with the
word clouds, we created 3 plots based on etiology (chlamydia,
gonorrhea, and syphilis) and 3 plots based on common topics
(diagnose/test/tested, herpes/HSV/HPV, and
gonorrhea/dysuria/discharge). A detailed review of spline
regression using R software can be found in Perperoglou et al
[26].

Results

Reddit Posts
Of the 24,311 posts, the average number of posts per month
were 701.75 during the pre–COVID-19 period; 907.67 during
the COVID-19, prevaccination period; and 863.50 during the
COVID-19, postvaccination period, but there was substantial
variability from month to month and within each time period.
The average number of posts per month per period demonstrated
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growth in subreddit volume during COVID-19. Figure 4 displays
the number of posts per month by observation period. May 2019
consisted of 210 posts and August 2021 consisted of 169 posts,
which were 2 of the lowest volumes recorded and were both
preceded by 2 months of high-volume posts.

LDA topic modeling showed that with 8 topics for each time
period, we achieved high coherence values
(pre–COVID-19=0.41, prevaccination=0.42, and
postvaccination=0.44). Figure 5 shows the distribution of topic
posts in pre–COVID-19, prevaccination, and postvaccination
“STD” and “sexual health” subreddits over the 8 topics extracted
using LDA. Although most topic categories remained the same
over time, the relative proportion of topics changed and new
topics emerged. In the pre–COVID-19 period, a general category
of “STD Risk” emerged with no specific etiology or mention
of symptoms with words such as “negative” and “exposure” in

the top 10 terms associated with the topic (Table 1). “HPV” and
“warts” as terms did not appear in the pre–COVID-19 period.
There was specific language surrounding herpes symptoms (eg,
“outbreak”) and diagnosis (eg, testing and positive or negative)
and the introduction of “HSV” in the postvaccination period,
whereas words used in conjunction with herpes in previous
periods were primarily related to images and nonspecific
symptoms (eg, “redness” and “bumps”; Table 2). Moreover,
although the “herpes image” topic category included nonspecific
symptoms (eg, “bump” and “redness”), this categorization
diverged during COVID-19 periods, with a topic category
emerging for penile “bump” without the mention of herpes. In
the postvaccination period, the “oral sex/STD questioning” topic
included the term “penis”; although this topic existed in the
other 2 periods, it did not include “penis” as a top 10 term (Table
3).

Figure 4. Average number of Reddit posts per month, by period.

Figure 5. Distribution of posts: the proportion of documents that are assigned to each topic. STD: sexually transmitted disease; HPV: human
papillomavirus.
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Table 1. Pre–COVID-19 topics and the top 10 terms derived from a Latent Dirichlet Allocation model created from 3 different time periods:
pre–COVID-19, prevaccination, and postvaccination.

Top 10 termsTopic

day, test, week, negative, feel, take, pain, still, exposure, alsoTesting, no specific etiology

com, imgur, penis, sex, STDa, help, really, day, condom, herpesHerpes image

sex, oral, day, ago, STD, know, condom, unprotected, time, penisOral sex/STD questioning

com, imgur, bump, look, red, penis, herpes, week, day, spotPenile “bump”

test, say, back, doctor, look, hepatitis, come, herpes, throat, negativeDiagnosis/doctor (results)

test, sex, chlamydia, week, month, symptom, come, back, time, partnerDiagnosis/chlamydia

aSTD: sexually transmitted disease.

Table 2. Prevaccination topics and the top 10 terms derived from a Latent Dirichlet Allocation model created from 3 different time periods: pre–COVID-19,
prevaccination, and postvaccination.

Top 10 termsTopic

sex, oral, come, week, test, day, know, back, STD, timeOral sex/STDa questioning

test, sex, HPV, time, year, condom, month, ago, last, sayHPVb/warts treatment, herpes question-
ing

test, take, symptom, day, week, know, say, back, chlamydia, doctorDiagnosis/chlamydia

day, month, feel, start, sex, doctor, pain, take, test, thingTesting, no specific etiology image

test, positive, negative, sex, chlamydia, result, herpes, partner, day, monthDiagnosis (results)

com, imgur, bump, help, penis, look, know, pimple, hurt, thinkPenile “bump” symptom (no pictures,
no herpes)

imgur, com, herpes, bump, red, penis, help, day, look, monthHerpes image

aSTD: sexually transmitted disease.
bHPV: human papillomavirus.

Table 3. Postvaccination topics and the top 10 terms derived from a Latent Dirichlet Allocation model created from 3 different time periods:
pre–COVID-19, prevaccination, and postvaccination.

Top 10 termsTopic

test, herpes, HSVa, sex, know, outbreak, negative, positive, genital, riskHerpes symptoms/diagnosis

com, imgur, herpes, sex, look, help, remove, know, oral, bumpHerpes image

wart, herpes, ibb_co, com, www_reddit, comment, remove, HPV, month, skinHPVb/warts treatment, herpes question-
ing

day, month, feel, start, sex, doctor, pain, take, test, thingDiagnosis/chlamydia

test, remove, STD, day, sex, week, negative, help, time, oralTesting, no specific etiology

penis, bump, sex, day, know, STDc, feel, look, condom, timePenile “bump” symptom (no pictures,
no herpes)

sex, know, test, week, say, think, time, symptom, oral, tellOral sex/STD questioning

bump, com, look, imgur, week, ago, day, penis, red, noticePenile “bump” symptom

aHSV: herpes simplex virus.
bHPV: human papillomavirus.
cSTD: sexually transmitted disease.

Word Clouds
Although the terms in the topic models listed above are
informative, we used WordCloud visualizations to better
understand the relative importance of these words within each
topic based on etiology and general terms over the study period.

The terms that appear larger appeared more frequently within
the topic, whereas the terms in smaller font appeared less
frequently. Figure 6A-F displays the word clouds for 6 specific
topics; for example, Figure 6E displays terms clustered with
herpes/HSV/HPV such as “imgur” (denoting that a picture was
uploaded), “bump,” “pain,” and “outbreak.”
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Figure 6. Word clouds by key term: (A) syphilis, (B) diagnosis/testing, (C) STI/STD, (D) gonorrhea, (E) herpes/HSV/HPV, and (F) chlamydia. HPV:
human papillomavirus; HSV: herpes simplex virus; STD: sexually transmitted disease; STI: sexually transmitted infection.

Spline Regressions
As shown in the series of spline regressions in Figure 7A-F,
there is some variability in the percentage of posts by key terms
over the study periods. Although some regressions are “flat”
(ie, uniform) across the study periods, others display variability
that coincides with the COVID-19 periods. For example, Figure
7F displays the regression for posts with the key terms
“diagnose/test/tested.” There is some variability in the

percentage of posts in the different COVID-19 periods, with
the pre–COVID-19 and postvaccination volumes being similar
to each other and the prevaccination period having a lower
percentage of posts. We tested the significance of the differences
between the pre–COVID-19 and post–COVID-19 frequency of
posts for 6 key terms (Table 4). There are statistically significant
differences for herpes and syphilis, with post–COVID-19
frequencies being higher than pre–COVID-19 frequencies.
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Figure 7. Percentage of Reddit posts containing specific key terms from March 2019 to July 2021: (A) gonorrhea, (B) chlamydia, (C) syphilis, (D)
gonorrhea/dysuria/discharge, (E) herpes/HSV/HPV, and (F) diagnose/test/tested. HPV: human papillomavirus; HSV: herpes simplex virus.

Table 4. Comparing the differences between the pre–COVID-19 and post-COVID-19 frequencies of posts.

P valuePost–COVID-19, frequencyPre–COVID-19, frequencyKey term

.0843.4735.27Chlamydia

.6415.5614.25Gonorrhea

.01160.47118.75Herpes

.00521.2312.92Syphilis

.0897.6578Test/diagnosis

.2830.4725.33Gonorrhea/dysuria

Discussion

Principal Findings
Our study provides evidence that there was an increase in the
volume of STD-related posts during the COVID-19 pandemic
periods and there were changes in the topics posted in
STD-related subreddits from pre–COVID-19 through
COVID-19, prevaccination and COVID-19, postvaccination
periods. The changes in topics discussed likely relate to behavior
changes due to COVID-19–related lockdowns, restrictions on
in-person gatherings, and the closing of nonessential medical
services [27]. Regardless of lockdown status, people still engage
in sexual behavior (eg, condomless sex) that will expose them
to STDs. However, with the reduction of STD testing or
treatment, these cases are not reflected in surveillance numbers.
It is important to understand the sexual health experiences of
communities, including symptoms, questions, and behavior
patterns, to plan for screening and treatment options.

Our results found that “STD risk” as a topic and general “risk”
terms as words only appeared in the pre–COVID-19 time period,
whereas “HPV” and “warts” only appeared in the COVID-19,
prevaccination and postvaccination periods. During the
pre–COVID-19 time period, users generated posts related to
general STD risk and sexual behavior, seeking advice and
support for understanding STD exposure risk for specific sexual
behavior or partnership choices. During the 2 COVID-19
periods, this general “STD risk” topic no longer appeared,
demonstrating a difference in content—moving from general
discussions to specific symptom or etiology-based posts. During
the 2 COVID-19 periods, HPV/warts emerged as a topic. This
finding may be due to increased effort to self-diagnosis
symptoms experienced as a result of limited access to diagnostic
services. Although reported STD cases declined during the
initial lockdown period, cases reported in 2020 quickly
rebounded and exceed the case numbers in 2019 [3].

Our study’s use of Reddit is a novel way to gain insights into
STD symptoms experienced, potential exposures, testing
decisions, common questions, and behavior patterns (eg, during
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lockdown periods). For example, reduction in STD screening
may result in observed negative health outcomes due to missed
cases, which also impacts onward transmission. The reduction
in access to STD testing and treatment during COVID-19
intensified existing barriers to sexual health care, including
stigma, judgement, cost, and accessibility [28]. It is important
that STD services be maintained, either through telehealth and
in-home testing options or via clinic services with COVID-19
mitigation procedures in place (screening, masking, and social
distancing).

As Reddit use is anonymous, users may discuss sensitive topics
with greater detail and more freely than in clinical encounters.
The sexual health subreddits had an average volume of unique
posts ranging from approximately 700 to 900 per month; thus,
Reddit is a frequently used source of information that could
guide the understanding of the behavior, symptoms, and
common questions of patients. Sexual health care workers
should consider collaboration with Reddit or other social media
outlets to leverage the potential benefits of these platforms
(anonymous, free, and rapid response) while mitigating harm
(incorrect diagnoses and faulty recommendations) [29].

Limitations
Study results should be interpreted while considering the
following limitations. LDA is an unsupervised approach with
no gold standard to compare to. However, we analyzed the LDA
output qualitatively with the use of 2 independent coders and

reached 100% consensus on manual topic labels. As we used
posts from an open web-based forum, we were unable to validate
users; however, there is little incentive to be dishonest or to post
false information on health-related subreddits. Reddit users tend
to be younger and are more likely to be male compared to the
larger US population; however, other demographic trends (eg,
race/ethnicity) mirror the distribution in the United States [30].
As men and Black or African American and Latino communities
are often underrepresented in STI case data, it is important to
gain an understanding of their sexual health needs and
experiences via alternative data sources [30]. Finally, the precise
location of Reddit users are unknown. Although we were able
to extract posts limited to the United States and those in the
English language, we cannot pinpoint post volume by specific
state or local jurisdiction.

Conclusion
This study demonstrates Reddit as having feasibility and utility
to enhance the understanding of sexual behaviors, STD
experiences, and needed health engagement with the public. It
is important to prioritize efforts to reduce the spread and impact
of STDs through surveillance, screening, and treatment. The
COVID-19 pandemic and subsequent stay-at-home orders
highlight a critical need for increased access to STD clinics and
STD information. Data from anonymous Reddit posts may be
leveraged to enhance the understanding of the distribution of
disease and need for targeted outreach or screening programs.
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Abstract

Background: Given the widespread and concerted efforts to propagate health misinformation on social media, particularly
centered around vaccination during the pandemic, many groups of clinicians and scientists were organized on social media to
tackle misinformation and promote vaccination, using a national or international lens. Although documenting the impact of such
social media efforts, particularly at the community level, can be challenging, a more hyperlocal or “place-based approach” for
social media campaigns could be effective in tackling misinformation and improving public health outcomes at a community
level.

Objective: We aimed to describe and document the effectiveness of a place-based strategy for a coordinated group of Chicago
health care workers on social media to tackle misinformation and improve vaccination rates in the communities they serve.

Methods: The Illinois Medical Professionals Action Collaborative Team (IMPACT) was founded in March 2020 in response
to the COVID-19 pandemic, with representatives from major academic teaching hospitals in Chicago (eg, University of Chicago,
Northwestern University, University of Illinois, and Rush University) and community-based organizations. Through crowdsourcing
on multiple social media platforms (eg, Facebook, Twitter, and Instagram) with a place-based approach, IMPACT engaged
grassroots networks of thousands of Illinois health care workers and the public to identify gaps, needs, and viewpoints to improve
local health care delivery during the pandemic.

Results: To address vaccine misinformation, IMPACT created 8 “myth debunking” infographics and a “vaccine information
series” of 14 infographics that have generated >340,000 impressions and informed the development of vaccine education for the
Chicago Public Libraries. IMPACT delivered 13 policy letters focusing on different topics, such as health care worker personal
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protective equipment, universal masking, and vaccination, with >4000 health care workers signatures collected through social
media and delivered to policy makers; it published over 50 op-eds on COVID-19 topics in high-impact news outlets and contributed
to >200 local and national news features. Using the crowdsourcing approach on IMPACT social media channels, IMPACT
mobilized health care and lay volunteers to staff >400 vaccine events for >120,000 individuals, many in Chicago’s hardest-hit
neighborhoods. The group’s recommendations have influenced public health awareness campaigns and initiatives, as well as
research, advocacy, and policy recommendations, and they have been recognized with local and national awards.

Conclusions: A coordinated group of health care workers on social media, using a hyperlocal place-based approach, can not
only work together to address misinformation but also collaborate to boost vaccination rates in their surrounding communities.

(J Med Internet Res 2022;24(10):e38949)   doi:10.2196/38949

KEYWORDS

misinformation; COVID-19; place-based; infodemic; infographic; social media; advocacy; infodemiology; vaccination; health
care worker; policy maker; health policy; community health

Introduction

With the COVID-19 pandemic came an onslaught of
misinformation that undermined the ability to keep the pandemic
in check. Because misinformation has been declared a public
health crisis by the surgeon general of the United States,
individual clinicians are advised to partake in tackling
misinformation, particularly when using social media [1].
However, addressing health misinformation can be particularly
challenging for individual health care workers who were often
serving on the frontlines in the pandemic. Engaging in such
activities is even more challenging for health care workers with
caregiving responsibilities or those whose communities were
disproportionately affected by the pandemic [2].

Health care professionals continue to be trusted sources of
information, though fewer Americans trust social media as a
source of information [3]. Studies show that social media posts
from clinicians are more trusted than posts by political figures
[4]. However, health care workers often face attacks and
harassment for spreading medical information during the
pandemic, particularly due to the increasing polarization of our
populace on political lines, with respect to mitigation strategies
[5,6].

Although social media has the ability to bring together health
care workers to tackle misinformation and promote public health
on a national scale in the digital space, there are still major
questions that remain unanswered about such efforts. For
example, linking social media efforts to actual patient or clinical
outcomes continues to be a major challenge, especially on social
media, where clinicians are often distributed over large
distances.

A specific place-based approach, used across other sectors
focused on both the social and physical environment of a
community, may be particularly impactful to address
misinformation, while simultaneously engaging a local
community to improve outcomes [7,8]. During a pandemic, this
may be of particular importance, for example, for vaccination
rates in a community. To date, few social media efforts describe
such a place-based approach to address misinformation,
subsequently affecting health processes or outcomes in public
health, such as vaccination rates in a community. The aim of
this paper is to provide a descriptive process analysis of a

multimodal initiative that specifically coupled place-based
theory with a social media strategy to combat misinformation
related to COVID-19. The goal was to mobilize a virtual health
care community to reduce COVID-19 vaccine hesitancy and
improve vaccine access in underserved areas served by this
community.

Methods

The Illinois Medical Professionals Action Collaborative Team
(IMPACT) is an interdisciplinary coalition of health care
professionals, founded in March 2020 and established as a
501(c)(3) nonprofit organization in 2022, in response to the
COVID-19 pandemic. IMPACT [9] leverages social media and
novel partnerships to (1) identify and amplify public health
needs and inequities in care delivery, (2) address needs and gaps
by rapidly disseminating evidence-based information, (3)
connect groups to resources, and (4) advocate for science-based
policy.

IMPACT started as an extension of a well-established, closed
clinician social media–based group (on Facebook) of >2800
verified physician members in the Chicagoland area. The
Facebook group was created in 2015 and is moderated by an
IMPACT cofounder and one of the authors (LZ). In March
2020, a post by a clinician in this Facebook group highlighted
public health concerns regarding the community spread of
COVID-19 and brought attention to the need for preventive
measures (eg, social distancing). At the same time,
Chicago-based social media physician advocates (VA, SJ, and
AK) were sharing similar concerns on another social media
platform (Twitter), sharing images of densely packed crowds
at both Chicago Saint Patrick’s Day celebrations and Chicago’s
O’Hare International airport [10-12]. As a result, members of
the group, now known as IMPACT, mobilized on social media
to write a letter that amassed over 300 signatures from verified
health care workers (crowdsourced on social media and shared
networks) and delivered it to the governor to address the
concerns of the health care community [13,14]. The concerns
stemmed primarily from lack of social distancing observed in
local communities, despite the continued reinforcement by
IMPACT members’ own health care facilities of the need to
distance in the hospitals to avoid being infected. The rapid
response strategy of crowdsourcing on Illinois-based health care
worker networks on Facebook, followed by an amplification
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on Twitter by Chicago-based social media health care advocates
and leaders, demonstrated that a coordinated place-based (eg,
a local coordinated community) strategy could be effective on
social media to influence policy changes and help advise the
community during this challenging time. To link these various
efforts across social media platforms, IMPACT was formed by
team members across disciplines and expertise with social media
advocacy work across multiple platforms. Members of the
organization were from diverse backgrounds, including
community members and organizations, health care workers,
and health care organizations. Networks and expertise were
combined to create an infrastructure to (1) identify community
needs (ie, public health measures), (2) garner information about
resource allocation and misallocation, (3) rapidly inform and
amplify important trusted information, and (4) alert policy
makers and the community of key trusted information or areas
of confusion. Later, with the help of trainees (ie, students and
residents) and other volunteers, IMPACT expanded the
place-based approach and social media strategy to other social
media outlets such as Instagram, LinkedIn, and TikTok
(@rubin_allergy).

IMPACT immediately recognized that this place-based social
media strategy was effective in communicating and amplifying
issues that community-based organizations were facing,
including personal protective equipment (PPE) procurement
and the need for masks. IMPACT subsequently partnered with
2 student-led, community-based organizations—MasksNow
Illinois and Get Us PPE Chicago—to help support and fundraise
for masking in disadvantaged communities, homeless shelters,
and nursing homes. For example, when a need for cloth masks
was identified in Little Village—a predominantly
Spanish-speaking community in Chicago’s West
Side—IMPACT leaders connected community leaders with
MasksNow Illinois to supply over 15,000 masks to this
community. As a result of this early advocacy, a feature story
on IMPACT appeared in the Chicago Tribune that focused on
the origins of the group, a derivation primarily from physician
mothers through the Facebook Chicago group [15]. This piece
led to a weekly segment for one of our founders (SJ) during the
morning news on Fox32—the local Fox television affiliate. The
recurring news segment served as a vehicle to provide
information to the community about public health measures
[16].

As the COVID-19 pandemic progressed, it was abundantly clear
that local communities would benefit greatly from the scientific
advancement through COVID-19 vaccines. Unfortunately, it
was also recognized that progress would be impeded through
inequities in both distribution and uptake in vaccination rates
at the local level. IMPACT, therefore, leveraged its social media
platforms and strategy to specifically begin to communicate
crucial trusted information about vaccines in addition to helping
support vaccination events across the Chicagoland area.

IMPACT created infographics to rapidly and effectively
communicate key messages to other health professionals and
to the general public [17]. Infographics were created by a core
“digital media” team of volunteer student interns, a physician
lead, and IMPACT cofounders. Infographics drafted by this
core team were then reviewed and edited for a lay audience with

an eighth-grade literacy. Citations and dates were included and
confirmed in each infographic. Infographics were then reviewed
by the broader IMPACT team and translated into Spanish by
bilingual IMPACT members. Once approved, infographics were
shared across social media. As of April 2022, IMPACT designed
and shared over 60 infographics.

In addition to social media and traditional media, IMPACT was
also called upon to provide grassroots educational efforts with
trusted messengers to reach out to the communities most
impacted by COVID-19. Since the beginning of the pandemic,
over 80 virtual community town halls have taken place in both
English and Spanish to inform communities about COVID-19.
In addition to these community town halls, IMPACT was
contacted by a National Library of Medicine All of Us grantee
to generate English and Spanish “train the trainer” videos and
training for the Chicago Public Library librarians to serve as
trusted messengers to the community on the COVID-19 vaccine
topic.

IMPACT additionally expanded and cosponsored large
vaccination efforts across Chicago and the greater Chicagoland
areas. Many of the vaccination events have occurred in areas
of low vaccination status and in partnership with community
organizations, places of faith, and schools already trusted by
local communities. When Emergency Use Authorization of
COVID-19 vaccines for children aged 5-11 years was
announced, IMPACT addressed concerns of the communities,
and we continue to collaborate with partners to vaccinate and
protect children.

The key to the IMPACT strategy has been multistakeholder
collaborations. IMPACT additionally partnered with multiple
academic institutions in the Chicagoland area to launch key
educational initiatives. At the Pritzker School of Medicine at
the University of Chicago, it developed and launched a new
course on misinformation and science communication for
early-year medical students; one of the students’ final projects
was featured [18] at a national symposium sponsored by the
Association of American Medical Colleges [19]. Students at
the University of Chicago and the University of Illinois also
participated in an op-ed accelerator, which has resulted in over
12 op-eds with student first authors. At the University of Illinois,
IMPACT formed a formal internship program with medical
students involved in the urban medicine elective to train the
next generation of physicians in advocacy.

IMPACT continues to support and develop vaccination events
with community partners, create information campaigns across
the digital and traditional media space, and pioneer community
events with trusted messengers to educate the public and address
misinformation surrounding the ongoing pandemic. All of
IMPACT’s work rests on the volunteer time of health care
workers or health professional trainees who do this work in
addition to their daytime work and responsibilities.

Results

Our evaluation centers around IMPACT’s activities in public
policy and the media, social media campaign reach, as well as
vaccine education and outreach in the Chicago community. Due
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to the nature of this work, we focus on the reach of our social
media efforts, using a variety of metrics readily available on
social media platforms, as well as both the reach and
effectiveness of our social media vaccination efforts.

Policy and Media Reach
IMPACT has delivered 13 policy letters with >4000 health care
workers signatures collected through social media and delivered
to policy makers and has published >50 op-eds in local and
national media (eg, US News, Chicago Tribune, Health Affairs,
USA Today, CNN, and Newsweek). IMPACT members have
been featured in national media, including the New York Times,
Time Magazine, Washington Post, Good Morning America,
and National Public Radio and have appeared in >200 local and
national news media, educating the public about COVID-19
mitigation and prevention.

Social Media Reach
IMPACT social media campaigns have resulted in Facebook,
Twitter, Instagram, and LinkedIn pages with >4000 followers,
and posts earning >20,000 views on Facebook alone, as well
as a newly verified Twitter account indicated by a blue
checkmark. Successful campaigns included a social distancing
hashtag (#6ftApartNotUnder) with >4000 tweets and millions
of impressions, a universal mask mandate petition on change.org
website with >113,000 signatures, a virtual
#WhiteCoatsforBlackLives march with >1 million impressions,
and COVID-19 data infographics with >400,000 impressions.
The number of social media impressions is defined as the
number of times content is displayed on a user’s screen or within
their feed, regardless of whether it is clicked on or interacted
with.

Vaccine Education and Outreach
IMPACT created a “myth debunking” series of 8 infographics
and a “vaccine information series” of 14 infographics that were
shared across social media platforms and used by local schools,
health departments, advocacy organizations, and community
outreach events [20]. These two infographics series alone
generated >330,000 impressions from social media based on
an analysis of IMPACT social media metrics. Later, volunteers
at community vaccine events were trained to use IMPACT
infographics in printed forms as educational resources. Digital
and print copies were also provided to community members to
help inform them of the importance of vaccination.

To help improve vaccination rates, disparities in vaccination
needs were rapidly identified through multiple sources (eg,
Twitter, Chicago Facebook health care worker groups, emails,
and messages to IMPACT) for health care workers not affiliated
with health systems. An IMPACT clearinghouse for vaccine
information (eg, registration and interest surveys) was created,
procuring information rapidly through social media and
professional networks [21]. In response to the concerns IMPACT
raised regarding the accessibility of vaccines to those
unaffiliated with hospitals, local health departments encouraged
all health care entities to vaccinate non–system-affiliated health
care workers. This work was highlighted in the Chicago Mayor’s
weekly press conference with an IMPACT representative [22].

During the later phases of vaccination, when vaccines were
available to the general public, IMPACT played a leading role,
using social media networks to mobilize >700 health care
workers along with >1000 nonmedical volunteers to staff
vaccine events in multiple communities [21]. To date, IMPACT
has organized or assisted in approximately 400 vaccine events,
which have resulted in the vaccination of over 120,000
individuals in the Chicago region. This includes the
administration of 5545 pediatric vaccine doses and 6456 booster
doses given at 45 different pediatric and booster vaccination
events since November 2021.

For this work, IMPACT has received multiple recognitions.
The 2021 Community Activism Award from the Democrats of
Northfield Township was presented to the group by Governor
Pritzker. A community award, the Leadership Legacy Award,
was granted by one of the first schools that had approached
IMPACT for help. This school benefited from IMPACT’s virtual
town halls for parents, students, and teachers, followed by actual
on-site vaccine events, bringing the percentage of teachers
vaccinated from under 50% to 95%. IMPACT was also one of
the four recipients of the 2022 Innovations to Bolster
Community Trust and Engagement in Science Award from the
Association of American Medical Colleges [23]. One of our
members (HA) also received the WGN News Remarkable
Women Award for her efforts in organizing the vaccine
clearinghouse and mobilizing volunteers to vaccinate
Chicagoland communities [24].

Discussion

This is the first description of a group of health care
professionals using a predominantly web-based strategy on
social media to engage in place-based advocacy during the
COVID-19 pandemic. This paper reports on the relatively
underreported area of health advocacy through social media,
an approach with increasing relevance due to an increase in
misinformation on social media and the need for health care
professionals to address the needs of communities in real-time
crises such as the COVID-19 pandemic. Social media
crowdsourcing and digital collaborations with local stakeholders
and various experts allowed the group to identify and counteract
misinformation, identify and amplify the different needs of local
communities, and direct both information and resources more
equitably.

It is worth considering what is novel about this approach and
when and why it might be successful. First, because the
COVID-19 pandemic magnified health care disparities, it
accelerated the need to develop innovative strategies to provide
both information and resources to underserved communities on
social media and on the ground. Although the creation of
infographics to address misinformation is not new, repurposing
infographics created primarily for use in the digital space to be
used in physical forms at vaccination events can help “train the
trainer” and highlight the role of community members as
vehicles to dispel misinformation [25]. The pandemic also laid
bare the vulnerabilities of the health care system and the
interdependence of hospital capacity, public health messaging,
and politics. Health care professionals are trusted voices in the
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community with the expertise to counter misinformation and
advocate for the needs of their patients. Although individual
efforts remain important and have been well described in health
care in the past [26], this novel method of collective advocacy
with a community or place-based approach has the ability to
amplify and leverage evidence-based information on social
media and other platforms, with the possibility of timely change
for the public in real time. The use of a place-based approach
is particularly unique in that, and if used as described, it can
help leverage the power of social media engagement and
mobilize the local community to fill gaps and address inequities
identified at the community level. A place-based approach also
lends itself to advocacy efforts, given that much of local policy
is settled on a local and state level, particularly during the
pandemic, as states and cities faced different community
infection rates and differences in community needs. Therefore,
such types of advocacy can be used to improve resource
alignment and outreach in communities most in need.

There are limitations to this descriptive process analysis. The
most significant limitation is the inability to measure the
effectiveness of our social media interventions by measuring
outcomes among social media users and community members
exposed to our work; this requires formal research, and future
research may include a randomized controlled trial as well as
a qualitative study to further assess the effectiveness of our
interventions. Outcomes demonstrating effectiveness include

respondent knowledge, attitudes, perceptions, and practices,
following exposure to our interventions. Future work may also
include testing a more formal process of cocreation of
infographics and other materials with members of audience
communities. Nonetheless, there is value in the metrics of social
media reach and the anecdotal evidence provided; this paper
demonstrates a proof of concept and the feasibility of a
place-based approach to health care advocacy through social
media, laying the groundwork for formal research studies. There
are also limitations to IMPACT’s entirely volunteer-based model
described in this study; although IMPACT is now a 501(c)(3)
nonprofit organization, we were initially unable to raise money
and relied on the volunteer time of busy clinicians and students
to execute this work. It is possible that a model with fundraising
would have greater reach and effectiveness compared to our
model.

In conclusion, IMPACT describes how a place-based approach
on social media across multiple platforms can be repurposed
not only to combat misinformation at the community level but
also to advocate for science-based policies, engage stakeholders,
and help direct resources to organizations and communities
most in need. This proof-of-concept application of a social
media strategy with a place-based approach may be useful to
address other public health needs such as gun violence or the
opioid epidemic. Further exploration of such approaches is
warranted.
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Abstract

Background: COVID-19 vaccines are highly effective in preventing severe disease and death but are underused. Interventions
to address COVID-19 vaccine hesitancy are paramount to reducing the burden of COVID-19.

Objective: We aimed to evaluate the preliminary efficacy, usability, and acceptability of a chatbot for promoting COVID-19
vaccination and examine the factors associated with COVID-19 vaccine hesitancy.

Methods: In November 2021, we conducted a pre-post pilot study to evaluate “Vac Chat, Fact Check,” a web-based chatbot
for promoting COVID-19 vaccination. We conducted a web-based survey (N=290) on COVID-19 vaccination at a university in
Hong Kong. A subset of 46 participants who were either unvaccinated (n=22) or were vaccinated but hesitant to receive boosters
(n=24) were selected and given access to the chatbot for a 7-day trial period. The chatbot provided information about COVID-19
vaccination (eg, efficacy and common side effects), debunked common myths about the vaccine, and included a decision aid for
selecting vaccine platforms (inactivated and mRNA vaccines). The main efficacy outcome was changes in the COVID-19 Vaccine
Hesitancy Scale (VHS) score (range 9-45) from preintervention (web-based survey) to postintervention (immediately posttrial).
Other efficacy outcomes included changes in intention to vaccinate or receive boosters and willingness to encourage others to
vaccinate on a scale from 1 (not at all) to 5 (very). Usability was assessed by the System Usability Scale (range 0-100). Linear
regression was used to examine the factors associated with COVID-19 VHS scores in all survey respondents.

Results: The mean (SD) age of all survey respondents was 21.4 (6.3) years, and 61% (177/290) of respondents were female.
Higher eHealth literacy (B=–0.26; P<.001) and perceived danger of COVID-19 (B=–0.17; P=.009) were associated with lower
COVID-19 vaccine hesitancy, adjusting for age, sex, chronic disease status, previous flu vaccination, and perceived susceptibility
to COVID-19. The main efficacy outcome of COVID-19 VHS score significantly decreased from 28.6 (preintervention) to 24.5
(postintervention), with a mean difference of –4.2 (P<.001) and an effect size (Cohen d) of 0.94. The intention to vaccinate
increased from 3.0 to 3.9 (P<.001) in unvaccinated participants, whereas the intention to receive boosters increased from 1.9 to
2.8 (P<.001) in booster-hesitant participants. Willingness to encourage others to vaccinate increased from 2.7 to 3.0 (P=.04). At
postintervention, the median (IQR) System Usability Scale score was 72.5 (65-77.5), whereas the median (IQR) recommendation
score was 7 (6-8) on a scale from 0 to 10. In a post hoc 4-month follow-up, 82% (18/22) of initially unvaccinated participants
reported having received the COVID-19 vaccine, whereas 29% (7/24) of booster-hesitant participants received boosters.

Conclusions: This pilot study provided initial evidence to support the efficacy, usability, and acceptability of a chatbot for
promoting COVID-19 vaccination in young adults who were unvaccinated or booster-hesitant.

(J Med Internet Res 2022;24(10):e39063)   doi:10.2196/39063
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Introduction

COVID-19 vaccines are highly effective in preventing severe
disease and death but are underused. By mid-2022, the full
vaccination rate has remained suboptimal in many places where
COVID-19 vaccines are readily available (eg, 67% in the United
States and 75% in the United Kingdom) [1]. COVID-19 booster
shots are also being delivered to address waning immunity and
viral variants, but studies have shown that some fully vaccinated
people were unwilling to take the booster [2-4]. COVID-19
may also become an endemic disease such as seasonal influenza,
and regular vaccination may be needed to protect high-risk
populations. Interventions to promote the vaccine is crucial to
reduce the burden of COVID-19.

Vaccine hesitancy is considered 1 of the 10 major threats of
global health according to the World Health Organization
(WHO) [5]. Studies have consistently shown higher COVID-19
vaccine hesitancy in women, younger people, ethnic minority
populations, and people with lower socioeconomic status [6,7].
Partly due to the fast-tracked development and authorization of
the vaccines, the lack of confidence in the vaccine efficacy and
safety were among the main drivers for hesitancy [7].
Widespread misinformation against the vaccine further amplified
its safety concerns [8,9]. Debunking such misinformation could
reduce COVID-19 vaccine hesitancy and promote uptake,
especially in subpopulations that are more susceptible to
misinformation such as young people [10].

Chatbots or conversational agents are increasingly developed
as a scalable and accessible platform for supporting health care
delivery. The interface of a chatbot that is familiar to most
people with experiences in mobile messaging could promote
the usability and user engagement of the chatbot compared to
other platforms. Several chatbots have been developed amid
the COVID-19 pandemic [11,12], mostly for symptom checking
and information dissemination [13,14]. The WHO has also
launched chatbots on popular social networking sites such as
WhatsApp to provide instant and credible information about
COVID-19, including vaccination [15]. Nevertheless, empirical
evidence on the utility of chatbots for promoting vaccination
has remained scarce.

Mass COVID-19 immunization has begun in February 2021 in
Hong Kong. Despite ample supply of both an inactivated vaccine
(CoronaVac; Sinovac) and mRNA vaccine (Comirnaty;
Fosun-BioNTech), the uptake had been slowed, with only 62%

of the population being fully vaccinated by the beginning of
2022 [1]. We conducted a population-based survey on 1501
general adults in Hong Kong (COVID-19 Health Information
Survey) and found higher COVID-19 vaccine hesitancy among
young adults (aged 18-29 years) than older adults (aged ≥30
years) [16,17]. We also found the low perceived COVID-19
severity and safety concerns of the vaccines to be the main
drivers of vaccine hesitancy [16]. Additionally, the COVID-19
Health Information Survey showed that eHealth literacy was
associated with adherence to mask wearing, hand washing and
social distancing [17], but its role in vaccine hesitancy has
remained under-studied. Therefore, the primary aim of the study
was to examine the preliminary efficacy, usability, and
acceptability of using a chatbot for promoting COVID-19
vaccination. We also examined the feasibility of assessing the
long-term effect on COVID-19 vaccination status in a post-hoc
4-month follow-up. The secondary aim was to examine the
factors associated with COVID-19 vaccine hesitancy, including
eHealth literacy.

Methods

Study Design and Recruitment
We conducted a pilot study using a pretest-posttest design to
evaluate “Vac Chat, Fact Check,” a chatbot designed to provide
updated information and debunk misinformation about the
COVID-19 vaccine. The study was conducted in November
2021, between the end of the fourth wave (June 2021) and the
start of the fifth wave (January 2022) of the outbreak in Hong
Kong, which had about 12,000 cumulative cases and 200 deaths.

The study targeted adults aged ≥18 years who can read and
communicate in Chinese. A mass email with a link to a
web-based survey of COVID-19 vaccination was sent to all
students at a public university in Hong Kong on November 8,
2021. The survey link was open for 7 days and received 290
valid responses. Of these, 273 (94.1%) respondents indicated
their interest in participating in the pre-post evaluation of the
chatbot by leaving their contact information at the end of the
survey. We identified and invited all 46 respondents who were
either unvaccinated (n=22) or fully vaccinated but hesitant to
receive boosters if eligible (n=24; response rate: 46/46, 100%).
The planned sample size (20-25 each for unvaccinated or
booster-hesitant participants) was based on a previous formative
study of a chatbot for promoting human papillomavirus
vaccination [18]. Figure 1 shows the study flow diagram.
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Figure 1. Study flow diagram.

Ethics Approval
The study was approved by the Institutional Review Board of
the University of Hong Kong/Hospital Authority Hong Kong
West Cluster (UW 21-449).

Study Procedures
Participants who were invited to participate in the pre-post study
received a WhatsApp message describing the study purpose
and provided informed consent. The participants then received
a URL link to access the web-based chatbot and start a 7-day
trial period. The chatbot could be accessed repeatedly.
WhatsApp reminders to use the chatbot were sent on day 3, day
5, and day 7. On day 8, we sent a URL link to the
postintervention questionnaire. Participants who completed the
pre-post study were given HK $300 (US $38.5) for their time
and effort.

On March 30, 2022, about 4 months after the completion of the
pre-post study, we conducted a post hoc follow-up with a single
question about COVID-19 vaccination or booster status via
WhatsApp. Participation was voluntary, and consent was
obtained from those who responded to the question. The
additional follow-up served to examine the feasibility of
measuring the long-term effect of the chatbot.

Design of the Chatbot
The “Vac Chat, Fact Check” chatbot was developed by our
team. To promote dissemination, the chatbot could be accessed
by any internet browser on smartphones, tablets, and personal
computers (ie, web-based). The chatbot was available in Chinese

only since most Hong Kong residents (>90%) spoke Chinese.
Upon entering the chatbot, the user received a message about
how to use the chatbot and a menu of options showing the core
functionality of the chatbot. The users could navigate the chatbot
by typing the corresponding number of the options in the menus
or keywords (eg, allergy) to obtain information directly (Figures
2 and 3).

The chatbot conversation generally unfolded by following
predefined rules or decision trees. To better simulate human
interactions, the chatbot also used natural language processing
(NLP) powered by Google Dialogflow for handling small talk
(eg, greetings and thank-yous). The chatbot provided responses
mainly using texts with emojis, but some messages also included
infographics (Figure 3).

The intervention content followed the Confidence, Complacency
and Convenience (“3C’s”) model of vaccine hesitancy [19].
Specifically, the information addressed the lack of trust in the
effectiveness and safety of the vaccine (confidence), the lack
of perceived risk of COVID-19 or the perception that
vaccination is not necessary (complacency), and barriers to
access the vaccine (convenience). The information provided by
the chatbot was categorized into 6 major topics (Table 1). Our
population-based survey suggested that inadequate knowledge
about COVID-19 could contribute to vaccine hesitancy [16].
Therefore, the chatbot included general information about
COVID-19. Since 2 types of vaccine (inactivated and mRNA
vaccines) were available in Hong Kong with differing eligibility
criteria (age and pregnancy status), the chatbot also included a
decision aid for selecting the suitable vaccine.
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Figure 2. Screenshot of “Vac Chat, Fact Check” showing chatbot navigation by menu options.

Figure 3. Screenshot of “Vac Chat, Fact Check” showing chatbot navigation by keyword.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39063 | p.821https://www.jmir.org/2022/10/e39063
(page number not for citation purposes)

Luk et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Overview of the topics and contents of “Vac Chat, Fact Check.”

ContentTopic

Information about COVID-19 • Symptoms and complications, including “long COVID”
• Route of transmission and incubation period
• High-risk populations

Information about COVID-19 vaccination • Mechanism of the vaccines
• Vaccine efficacy
• Possible side effects
• Eligibility for vaccination

Reasons for getting vaccinated • Protection of self
• Protection of others

Myths and facts about the COVID-19 vaccine • Alleged side effects (eg, infertility and miscarriage)
• Safety of the vaccine (eg, alteration of a person’s DNA)
• Safety in people with preexisting conditions (eg, a history of allergy)
• Lack of efficacy

Information about COVID-19 vaccine boosters • Eligibility for receiving boosters
• Reasons for receiving boosters

Information about how to get vaccinated • Government’s web-based booking system
• Venues for vaccination

Instruments

COVID-19 Vaccine–Related Outcomes
All COVID-19 vaccination outcomes were measured at
preintervention and postintervention. COVID-19 vaccination
status was assessed by asking “have you been vaccinated against
COVID-19?” with responses options of “yes, 2 doses,” “yes, 1
dose,” and “no.” Intention to receive the COVID-19 vaccine
(for those responded “no”) or COVID-19 boosters (for those
responded “yes, 2 doses”) were assessed on a scale from 1 (not
likely at all) to 5 (very likely) [20]. By adapting an item from
the OCEANS study [21], we also asked, “if people around you
were thinking of getting a COVID-19 vaccination, you would...”
Responses were coded from 1 (suggest that they do not get the
vaccination) to 5 (strongly encourage them).

The main efficacy outcome was changes in COVID-19 vaccine
hesitancy from preintervention to postintervention. We adapted
the Vaccine Hesitancy Scale (VHS) developed by the WHO’s
Strategic Advisory Group of Experts on Immunization for
assessing COVID-19 vaccine hesitancy [22]. The COVID-19
VHS included 9 Likert-style items, each coded from 1 (strongly
disagree) to 5 (strongly agree; Multimedia Appendix 1 [22,23]).
After the reverse coding of some items, all items were summed
to give a total score ranging from 9 to 45, with higher scores
indicating greater COVID-19 vaccine hesitancy. The VHS can
also be divided into the “Lack of confidence” subscale (7 items)
and the “Risk” (2 items) subscale and analyzed.

In our sample, the COVID-19 VHS had high internal
consistency preintervention (Cronbach α=.86) and
postintervention (Cronbach α=.88) [24]. Concurrent validity
was supported by a higher mean VHS score in unvaccinated
participants versus those who received 1 dose and 2 doses of
vaccine (28.6 vs 26.4 vs 23.0, respectively; P<.001). The VHS
score was also inversely and moderately correlated to intention

to receive the vaccine (Spearman ρ=–0.48; P=.01) or boosters
(Spearman ρ=–0.55; P<.001) and willingness to encourage
others to vaccinate (Spearman ρ=–0.64; P<.001) [25].

In the 4-month follow-up, we assessed the COVID-19
vaccination status in initially unvaccinated participants by their
responses of “no” and “yes, [number] dose(s).” For
booster-hesitant participants, we asked whether they had
received a booster shot (“yes” or “no”).

Usability and Acceptability Outcomes
The postintervention questionnaire included the System
Usability Scale (SUS), a widely used instrument in software
engineering, to measure the participants’ perceived usability of
the chatbot. The 10-item SUS gives a composite score ranging
from 0 to 100, with 68 or above indicating above-average
usability [26]. Other acceptability measures included the
perceived usefulness of the chatbot in (1) getting information
about the COVID-19 vaccine, (2) making decisions about
vaccination, and (3) increasing the motivation to get vaccinated,
each assessed on a scale from 1 (not useful at all) to 5 (very
useful). Overall satisfaction with the chatbot was assessed by
asking “how likely would you recommend the chatbot to other
people” on a 11-point scale from 0 (not likely at all) to 10 (very
likely).

Other Measures
The baseline questionnaire included the eHealth Literacy Scale
(eHEALS) [27], which has been translated into Chinese and
used in our study population [28]. The scale included 8 items,
which are summed to give an overall score from 8 to 40. Higher
scores indicate greater perceived ability to use health
technologies. The eHEALS had high internal consistency in
our sample (Cronbach α=.91). To assess the perceived
susceptibility to and severity of COVID-19, we also asked,
“how likely do you think you will contract COVID-19 in the
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future?” and “how dangerous do you think COVID-19 is to
health?” respectively, each with 11-point response options. Data
on sociodemographic characteristics, chronic disease, and
previous flu vaccination were also collected.

Statistical Analysis
To evaluate the chatbot efficacy, we used 1-sample, 2-tailed t
test and Wilcoxon sign-rank test to examine the change in
intention to receive a vaccine or booster and COVID-19 VHS
scores from preintervention to postintervention. We also
examined changes in the “Lack of confidence” and “Risk”
subscales of the COVID-19 VHS. The effect size of the pre-post
difference in COVID-19 VHS scores (Cohen d) was calculated
as a mean difference divided by the SD of the mean difference.
Our sample size of 46 participants could detect a moderate effect
size of 0.43 (Cohen d) in the pre-post difference in COVID-19
VHS scores with 80% power at 2-sided 5% level of significance.
The corresponding effect sizes detectable were 0.64 for intention
to vaccinate (n=21) and 0.60 for intention to receive boosters
(n=24). Intervention usability and acceptability were reported
descriptively. For the secondary aim, we used bivariate and

multivariable linear regression to examine the factors associated
with the COVID-19 VHS score in all survey respondents.
Factors examined included sociodemographic characteristics,
chronic disease status, previous flu vaccination, eHealth literacy,
and the perceived susceptibility to and severity of COVID-19.

All statistical analyses were conducted in Stata/MP software
(version 15.1; StataCorp). We used complete case analyses
because there were no missing data in the web-based survey
and postintervention assessment except eHealth literacy (n=2)
and the perceived susceptibility (n=4) and severity (n=4) of
COVID-19. A 2-sided P<.05 denoted statistical significance.

Results

Participant Characteristics
The mean (SD) age of all survey respondents was 21.4 (6.3)
years, and 61% (177/290) of respondents were female (Table
2). Participants of the pre-post study (n=46) had similar
characteristics to those of nonparticipants (n=244) except, as
expected, having significantly higher COVID-19 vaccine
hesitancy (P<.001).
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Table 2. Characteristics of all survey respondents (N=290).

P valueaIncluded in the pre-post studySurvey respondents (N=290)Characteristic

Yes (n=46)No (n=244)

Age (years)

.1520.2 (2.7)21.7 (6.8)21.4 (6.4)Mean (SD)

.1420 (18-21)20 (19-21)20 (19-21)Median (IQR)

Sex, n (%)

.5316 (35)97 (39.8)113 (39)Male

30 (65)147 (60.2)177 (61)Female

Chronic disease, n (%)

.2541 (89)229 (93.9)270 (93.1)No

5 (11)15 (6.1)20 (6.9)Yes

Previous flu vaccination, n (%)

.3822 (48)134 (54.9)156 (53.8)No

24 (52)110 (45.1)134 (46.2)Yes

eHealth literacyb

.8630.1 (4.0)30.2 (4.7)30.2 (4.6)Mean (SD)

.5631.5 (28-32)32 (28-32)32 (28-32)Median (IQR)

Perceived susceptibility to COVID-19c

.943.2 (1.6)3.2 (1.9)3.2 (1.9)Mean (SD)

.683 (2-5)3 (2-5)3 (2-5)Median (IQR)

Perceived severity of COVID-19c

.586.5 (2.2)6.3 (2.2)6.3 (2.2)Mean (SD)

.617 (5-8)7 (5-8)7 (5-8)Median (IQR)

COVID-19 vaccine hesitancyd

<.00128.6 (5.6)22.6 (5.3)23.6 (5.8)Mean (SD)

<.00129 (23-33)23 (19-26)23 (20-27)Median (IQR)

aCalculated by chi-squared test, 2-sample, 2-tailed t test, or Wilcoxon rank-sum test as appropriate.
bAssessed by the eHealth Literacy Scale; possible scores range from 8 to 40, with higher scores indicating greater eHealth literacy.
cAssessed by an 11-point scale from 0 to 10; higher scores indicate greater perceived susceptibility or severity.
dAssessed by the COVID-19 Vaccine Hesitancy Scale; possible scores range from 9 to 45, with higher scores indicating greater vaccine hesitancy.

Factors Associated With COVID-19 Vaccine Hesitancy
In all survey respondents, both bivariate and multivariable
models showed that lower eHealth literacy and perceived danger

of COVID-19 were associated with higher COVID-19 vaccine
hesitancy (Table 3). The results were similar after additionally
adjusting for COVID-19 vaccination status (data not shown).
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Table 3. Factors associated with COVID-19 vaccine hesitancya (N=290).

P valueAdjusted B (95% CI)bP valueCrude B (95% CI)Factor

.60–0.031 (–0.15 to 0.086).480.038 (–0.068 to 0.14)Age (years)

.270.79 (–0.061 to 2.18).101.16 (–0.21 to 2.53)Sex, female

.261.65 (–1.24 to 4.54).211.70 (–0.94 to 4.34)Had chronic disease

.95–0.040 (–1.38 to 1.30).35–1.65 (–5.21 to 1.90)Had previous flu vaccination

<.001–0.26 (–0.41 to –0.11)<.001–0.27 (–0.42 to –0.13)eHealth literacyc

.290.20 (–0.17 to 0.57).360.17 (–0.20 to 0.54)Perceived susceptibility to COVID-19d

.009–0.41 (–0.71 to –0.10).02–0.35 (–0.66 to –0.050)Perceived severity of COVID-19d

aAssessed by the COVID-19 Vaccine Hesitancy Scale; possible scores range from 9 to 45, with higher scores indicating greater vaccine hesitancy.
bAdjusting for other variables in the table.
cAssessed by the eHealth Literacy Scale; possible scores range from 8 to 40, with higher scores indicating greater eHealth literacy.
dAssessed by an 11-point scale from 0 to 10; higher scores indicate greater perceived susceptibility or severity.

Pre-Post Evaluation of the Chatbot
The completion rate of the postintervention assessment was
100% (46/46). Table 4 shows the favorable changes in all
measures related to COVID-19 vaccination from preintervention
to postintervention (mean duration: 15.0 days). The main
efficacy outcome of COVID-19 VHS score significantly
decreased from 28.6 (preintervention) to 24.5 (postintervention),

with a mean difference of –4.2 (P<.001) and an effect size
(Cohen d) of 0.94. Similarly, both the “Lack of confidence”
and “Risk” subscale scores significantly decreased. Intention
to vaccinate or receive boosters and willingness to encourage
others to vaccinate significantly increased from preintervention
to postintervention. One unvaccinated participant at
preintervention reported having received the first dose of the
vaccine at postintervention.
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Table 4. Changes in COVID-19 vaccine-related measures from preintervention to postintervention (n=46).

P valueaPostinterventionPreintervention

COVID-19 vaccine hesitancy (n=46)b

<.00124.5 (6.0)28.6 (5.6)Mean (SD)

<.00125 (20-29)29 (23-33)Median (IQR)

COVID-19 vaccine hesitancy: Lack of confidence (n=46)c

<.00117.2 (5.2)20.8 (5.0)Mean (SD)

<.00118 (13-21)21 (16-26)Median (IQR)

COVID-19 vaccine hesitancy: Risk (n=46)d

.017.2 (1.6)7.8 (1.3)Mean (SD)

.027.5 (6-8)8 (7-8)Median (IQR)

Intention to vaccinate (n=21)e

<.0013.9 (0.83)3.0 (0.73)Mean (SD)

.0014 (3-4)3 (3-4)Median (IQR)

Intention to receive boosters (n=24)e

<.0012.8 (0.9)1.9 (0.3)Mean (SD)

<.0013 (2-3)2 (2-2)Median (IQR)

Willingness to encourage others to vaccinate (n=46)f

.043.0 (0.9)2.7 (1.0)Mean (SD)

.043 (2-4)3 (2-3)Median (IQR)

aCalculated by paired 2-tailed t test or Wilcoxon signed-rank test as appropriate.
bAssessed by the COVID-19 Vaccine Hesitancy Scale (VHS); possible scores range from 9 to 45, with higher scores indicating greater vaccine hesitancy.
c“Lack of confidence” subscale of the COVID-19 VHS; possible scores range from 7 to 35, with higher scores indicating greater lack of confidence in
the vaccine.
d“Risk” subscale of the COVID-19 VHS; possible scores range from 2 to 10, with higher scores indicating greater perceived risk of the vaccine.
eAssessed on a scale from 1 (not likely at all) to 5 (very likely).
fAssessed on a scale from 1 (suggest that they do not get the vaccination) to 5 (strongly encourage them).

Usability and Acceptability of the Chatbot
On average, the participants used the chatbot for a total of 64
(SD 47) minutes during the 1-week trial period. Longer time
spent on the chatbot was correlated with a larger reduction in
vaccine hesitancy with marginal significance (Spearman ρ=0.26;
P=.08). Among participants who used the chatbot (n=46), the
median (IQR) SUS score was 72.5 (65-77.5) out of 100. On a
scale from 1 (not agree at all) to 5 (strongly agree), the median
(IQR) score on the perceived usefulness of the chatbot was 4
(4-4) for getting information about the COVID-19 vaccine, 3
(2-4) for making decisions about vaccination, and 3 (2-3) for
increasing the motivation to get vaccinated. The median (IQR)
recommendation score was 7 (6-8) on a scale from 0 to 10.

Vaccination Status at 4-Month Follow-up
Overall, 18 (82%) of the 22 initially unvaccinated participants
and 19 (79%) of the 24 booster-hesitant participants responded
to the post hoc 4-month follow-up. All 18 unvaccinated
participants reported having received COVID-19 vaccination
(2 doses: n=16, 89%; and 1 dose: n=2, 11%), whereas 7 (37%)
of the 19 booster-hesitant participants reported having received
boosters.

Discussion

Principal Findings
This pilot study showed a significant decrease in COVID-19
vaccine hesitancy after using the “Vac Chat, Fact Check”
chatbot in young adults who were hesitant to vaccinate or
receive boosters. According to the rule of thumb of Cohen [29],
the effect size (Cohen d=0.94) was large. Other efficacy
outcomes, including intention to vaccinate or receive boosters
and willingness to encourage others to vaccinate, consistently
showed the benefit of the chatbot. The usability of the chatbot
was supported by the median SUS score of 72.5 out of 100,
which fell between the cutoffs of “good” (a score of 71.4) and
“excellent” (a score of 85.5) adjective ratings [30]. The median
recommendation score of 7 on a scale from 0 to 10 indicated
the satisfactory acceptability of the chatbot [31].

Our PubMed search using the keywords of vaccine and chatbot
and their synonyms only identified 1 peer-reviewed study that
provided empirical evidence on the efficacy of a chatbot for
promoting COVID-19 vaccination. The study was a web-based
experiment on a French sample population, which found that
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interacting with a chatbot could promote more positive attitudes
toward COVID-19 vaccines and intention to vaccinate [32]. A
study (preprint) also showed an increase in vaccine acceptance
in Japanese adults after using “Corowa-kun,” a chatbot in LINE
instant messenger [33]. Direct comparison between our study
with these studies were difficult because of differences in the
study methods, sample characteristics, and outcome measures.
Nevertheless, our findings were consistent with these studies
by showing a positive impact of chatbot on COVID-19 vaccine
uptake.

To our knowledge, our study was the first to include actual
receipt of COVID-19 vaccines or boosters as outcome measures
in chatbot evaluation. Assuming (conservatively) that all
participants lost to follow-up did not receive any vaccine or
booster, 82% (18/22) of the initially unvaccinated participants
received at least 1 dose of vaccine, whereas 29% (7/24) of
booster-hesitant participants received a booster. As a reference,
the corresponding rates were 92% and 28% in Hong Kong
residents aged 20 to 29 years on March 30, 2022 (same date as
the follow-up) [34]. Note that these figures could not be directly
compared because of differences in sample characteristics, and
our participants were likely more vaccine- or booster-hesitant
than the general population. Nonetheless, the satisfactory
response rate of 80% (37/46) provides support for the feasibility
of conducting longer-term (>3 months) follow-up in future trials.

Corroborating our previous findings in the general population
[16], we found that higher perceived severity of, but not
susceptibility to, COVID-19 was associated with lower
COVID-19 vaccine hesitancy. Previously studies have found
that eHealth literacy was associated with knowledge and
adherence to nonpharmacological preventive measures against
COVID-19 [17,35]. This study further found eHealth literacy
to be associated with COVID-19 vaccine hesitancy. Higher
eHealth literacy helps people process and discern the credibility
of web-based health information, which may buffer the impact
of the infodemic (an overabundance of information, both
accurate or otherwise, during a disease outbreak) and
misinformation against the vaccine and thus hesitancy. Our
findings corroborate the importance of building eHealth literacy
to fight the COVID-19 pandemic.

Similar to most chatbots built to support health care amid the
COVID-19 pandemic [11,12], our “Vac Chat, Fact Check”
chatbot was primarily rule-based. We decided against building
a chatbot that is entirely powered by NLP for practical reasons.
First, existing and readily available NLP engines remain
inadequate in handling free-flow conversations in Cantonese
(the local Chinese dialect). Second, rule-based chatbots are

relatively inexpensive and could be quickly developed and
deployed to mitigate the pandemic when health care resources
are stretched. NLP-based chatbots could better simulate human
interaction but require extensive training and resources to
become adequately usable. Nonetheless, our study has provided
proof-of-concept evidence to support chatbots as a mode of
delivery to promote vaccination, which provides the impetus
for developing more sophisticated and potentially more effective
chatbots.

Limitations
The main limitation of the pre-post study is the lack of a control
or comparison group, which limited the causal inference of any
changes observed after using the chatbot. The possibility that
the observed changes were attributable to contextual changes
along the course of the outbreak could not be excluded.
However, the study was conducted at a time when Hong Kong
had been maintaining a low level of local transmission with
nearly 0 daily local case (from June to December 2021). This
setting, coupled with the short interval between preintervention
and postintervention assessments, was unlikely to have had a
substantial effect on the vaccination outcomes. Nevertheless,
the findings must be considered preliminary and
hypothesis-generating. Another limitation is the small sample
size, which precludes the examination of the chatbot’s efficacy
in sociodemographic subgroups (eg, sex). Third, since all
measures were self-reported, social desirability bias could not
be excluded. Finally, our study targeted young adults given their
greater vaccine hesitancy than older populations and their
frequent use of social networking sites—a major source of
misinformation. The generalizability of the findings to other
populations is unclear. Due to the convenience sampling method,
our participants may not be representative of all young adults
who are unvaccinated or booster-hesitant.

Conclusions
Promoting the uptake of COVID-19 vaccines is crucial to
mitigating the impact of COVID-19. This pilot study provided
initial evidence to support the efficacy, usability, and
acceptability of a chatbot for promoting COVID-19 vaccination
in young adults who were unvaccinated or booster-hesitant.
Randomized controlled trials are warranted to test the
effectiveness of the chatbot in increasing COVID-19
vaccination. Although our study indicated the benefits of the
chatbot in both unvaccinated and booster-hesitant young adults,
the drivers for vaccine hesitancy between the 2 groups likely
differ. Further research is also needed to understand their
differences to provide more tailored information and optimize
the chatbot’s efficacy.
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Abstract

Background: It is recommended that caregivers receive oral health education and in-person training to improve toothbrushing
for young children. To strengthen oral health education before COVID-19, the 21-Day FunDee chatbot with in-person toothbrushing
training for caregivers was used. During the pandemic, practical experience was difficult to implement. Therefore, the 30-Day
FunDee chatbot was created to extend the coverage of chatbots from 21 days to 30 days by incorporating more videos on
toothbrushing demonstrations and dialogue. This was a secondary data comparison of 2 chatbots in similar rural areas of Pattani
province: Maikan district (Study I) and Maelan district (Study II).

Objective: This study aimed to evaluate the effectiveness and usability of 2 chatbots, 21-Day FunDee (Study I) and 30-Day
FunDee (Study II), based on the protection motivation theory (PMT). This study explored the feasibility of using the 30-Day
FunDee chatbot to increase toothbrushing behaviors for caregivers in oral hygiene care for children aged 6 months to 36 months
without in-person training during the COVID-19 pandemic.

Methods: A pre-post design was used in both studies. The effectiveness was evaluated among caregivers in terms of oral hygiene
practices, knowledge, and oral health care perceptions based on PMT. In Study I, participants received in-person training and a
21-day chatbot course during October 2018 to February 2019. In Study II, participants received only daily chatbot programming
for 30 days during December 2021 to February 2022. Data were gathered at baseline of each study and at 30 days and 60 days
after the start of Study I and Study II, respectively. After completing their interventions, the chatbot's usability was assessed using
open-ended questions. Study I evaluated the plaque score, whereas Study II included an in-depth interview. The 2 studies were
compared to determine the feasibility of using the 30-Day FunDee chatbot as an alternative to in-person training.

Results: There were 71 pairs of participants: 37 in Study I and 34 in Study II. Both chatbots significantly improved overall
knowledge (Study I: P<.001; Study II: P=.001), overall oral health care perceptions based on PMT (Study I: P<.001; Study II:
P<.001), and toothbrushing for children by caregivers (Study I: P=.02; Study II: P=.04). Only Study I had statistically significant
differences in toothbrushing at least twice a day (P=.002) and perceived vulnerability (P=.003). The highest overall chatbot
satisfaction was 9.2 (SD 0.9) in Study I and 8.6 (SD 1.2) in Study II. In Study I, plaque levels differed significantly (P<.001).

Conclusions: This was the first study using a chatbot in oral health education. We established the effectiveness and usability
of 2 chatbot programs for promoting oral hygiene care of young children by caregivers. The 30-Day FunDee chatbot showed the
possibility of improving toothbrushing skills without requiring in-person training.
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Introduction

Early childhood caries (ECC) continues to be a significant public
health problem worldwide, including in Thailand. ECC can
have a negative impact on children's quality of life [1-3] and
cost societies and families [4]. Caries is a multifactorial disease
in which oral hygiene is a crucial risk factor for developing
ECC [5-8]. For young children, having caregivers clean their
teeth twice daily with fluoride toothpaste is recommended to
prevent ECC [9]. In Thailand, ECC and oral hygiene care for
children younger than 3 years remain unsatisfactory. The
national oral health survey in 2017 reported a prevalence of
dental caries in children aged 3 years of 52.9% and an average
number of caries of 2.8 teeth per person [10]. The approach to
improving caregivers' toothbrushing behavior with young
children has emphasized oral health education in conjunction
with in-person training for caregivers [11-14]. However, this
personalized approach necessitates time and human resources.

In recent decades, chatbots have been introduced as a new way
to improve person-centered health care, particularly to enhance
the efficiency of delivery of primary health care services such
as health education and counseling support [15,16], which has
been shown to increase access to and the quality of services and
health information while using fewer human resources [17,18].
Chatbots are computer programs that mimic human
conversations using text or voice messages. The technology
could be a set of rule-based algorithms or machine learning
techniques such as natural language processing to automate
some parts of the dialogue [19]. Chatbots are used in a wide
range of health care settings [17]; however, they are rare in
dentistry.

Zhang et al [20] proposed an artificial intelligence (AI) chatbot
behavior change model as a theoretical framework for guiding
the design and evaluation of chatbots. This model consists of
the following 4 primary components: (1) defining the qualities
of the chatbot and gaining an understanding of the user's context,
(2) constructing relational ability, (3) building persuasive
conversational capacity such as using behavioral change models,
and (4) evaluating methods and outcomes. Among the theories
of behavioral change for creating persuasive conversational
capacity proposed by Zhang et al [20], the protection motivation
theory (PMT) [21,22] has been widely accepted [23-25]. PMT
is explained by the interplay between threat and coping
appraisals, which results in protective health behavior [23].
Threat appraisal combines perceived severity (perceptions of
the extent of harm) and perceived vulnerability (perceptions of
the likelihood of experiencing harm). Coping appraisal
comprises response efficacy (confidence in the effectiveness of
the advice in reducing or preventing potential damage) and

self-efficacy (belief in one's ability to carry out the
recommended behavior successfully), minus response costs (the
perceived or actualized costs associated with the practice of the
recommended behavior) [21,22]. PMT has been demonstrated
to be applicable for behavior change and to have a positive
effect on adaptive intentions or behaviors in the varied
communication approaches [11,24-26] for which the theory has
been suggested for individual and community interventions.
Numerous oral health studies have applied and assessed
protection motivation variables to determine behavioral intention
to self-protective action [11,27], but none have utilized chatbots
as an intervention for protective behavior change in dentistry.
Therefore, this study intended to use the AI chatbot behavior
change model as a framework to enhance the chatbot's usability,
satisfaction, and design outcome measures, while PMT was
specifically applied to design the content and ways to modify
toothbrushing behavior.

A chatbot-based mobile application, a novel PMT-based solution
to prevent ECC in Thailand, was launched through the WowBot
project in 2018 before the COVID-19 epidemic. The “21-Day
FunDee” chatbot and in-person toothbrushing training were
implemented in 6 study centers, 5 in rural areas and 1 in an
urban area. However, during COVID-19, caregivers with
children had difficulty accessing hospitals and other health care
service providers, making in-person training impossible. As a
result, a modified version entitled “30-Day FunDee” was created
to overcome these obstacles, reduce the burden of oral health
promotion on health care workers, and decrease the risk of
COVID-19 exposure. More video demonstrations and
communication focused on in-person practice of toothbrushing
techniques and increased motivation for caregivers to improve
oral health care for their young children were included in this
version. Both chatbots have already been evaluated in
sociodemographically comparable populations over different
time periods.

Therefore, this secondary data analysis aimed to evaluate the
effectiveness and usability of the chatbots before and during
the COVID-19 pandemic. In 2 study settings, we demonstrated
what we learned about the application of chatbots to promote
caregivers’oral health care practices for young children and the
feasibility of using chatbots to improve toothbrushing abilities
without actual practice.

Methods

Study Location and Phases
This study performed secondary data analysis of data from the
WowBot project, which was conducted between 2018 and 2024.
We chose 2 study settings in Pattani province (Study I in Maikan
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district and Study II in Maelan district) with comparable
socioeconomic backgrounds to illustrate how innovative
chatbots encourage caregivers to provide oral health care for
their young children in 2 situations: before and during the
COVID-19 pandemic.

The WowBot project consisted of 3 phases. Phase I included a
scoping review and the development of a chatbot based on PMT.
Phase II comprised an assessment of the usability and
effectiveness of the first chatbot called “21-Day FunDee”
together with in-person toothbrushing training in 6 study centers
(Pattani, Phangha, Trang, Songkhla, Nakhonsrithammarat, and
Patthalung provinces). Toward the end of phase II, during the
COVID-19 pandemic, the chatbot “21-Day FunDee” content
was modified with the addition of the following video clips:
toothbrushing technique, an examination of dental plaque, and
child behavioral management during toothbrushing. The
effectiveness of “30-Day FunDee” was evaluated in another
community (Maelan District, Pattani province) during the
lockdown measures in Thailand. Phase III, an ongoing study,
aims to improve chatbot performance and conduct a long-term
evaluation of clinical outcomes.

Ethics Approval
The 2 studies were registered with the Thai Clinical Trials
Registry and approved by the Faculty of Dentistry, Prince of
Songkla University Institutional Review Board (EC6208-031
and EC6407-053).

Chatbot Characteristics and Development
Regarding the design of the chatbots, we applied all 4
components from the model by Zhang et al [20]. For example,
in component 1, when designing chatbot characteristics and
understanding users’backgrounds, we designed a young female

doctor with a friendly, cheerful, and compassionate personality.
For component 2, building relational capacity, our chatbot sent
caregivers daily funny greeting cards, discussed their challenges,
offered emotional support, and concluded with an image or
infographic containing an inspirational quote. For component
3, building persuasive conversational capacity, we delivered
daily content containing (1) explicit, understandable oral health
care knowledge and (2) PMT-based oral health behavior
improvement. Last, we applied the fourth component, which
was to evaluate mechanisms and outcomes by asking
open-ended questions about satisfaction, usage patterns, and
how people brushed their teeth (Figures 1 and 2).

The rule-based strategy was used to construct the chatbot flow
of “21-Day FunDee” and its modified version, “30-Day
FunDee,” and the chatbots were developed utilizing the Chatfuel
platform. PMT constructs, including perceived severity,
perceived vulnerability, response efficacy, and self-efficacy,
were used to guide the development of the chatbot content. The
chatbots operate on Facebook messenger over the course of 21
and 30 daily sessions, respectively. Through various interactive
conversation flows, the chatbots were designed to engage and
motivate the users with interesting conversation with rule-based
agents. Each session was to run around 3 minutes to 5 minutes
and comprises text, video clips, or infographics. The first
developed chatbot application, “21-Day FunDee,” was reviewed
by 2 dentists specializing in community health, while the
modified version, “30-Day FunDee,” was reviewed by 2
pedodontists. Experts determined the validity of the content
based on its accuracy, relevance, and conversational flow. We
recruited 10 volunteers to test each chatbot in the following
aspects: conversational flow, onboarding, understanding,
navigation, response time, and the chatbot’s personality.
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Figure 1. Examples of user interfaces of the Facebook Messenger–based (A) 21-Day FunDee and (B) 30-Day FunDee including 3 essential elements:
greeting; content; and summary containing games, infographics, videos, and friendly conversations.
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Figure 2. Screenshots showing examples of using the artificial intelligence (AI) chatbot behavior change model.

Setting and Participants
A quasi-experimental design (pretest and posttest) was used to
evaluate the chatbots’ effectiveness and usability. Community
health-promoting databases were used to identify potential
subjects for each study setting. Potential participants in Study
I were caregivers and children aged 6 months to 36 months who
went to a health-promoting hospital for a vaccination or a health
checkup. Potential participants for Study II were caregivers and
children aged 6 months to 36 months, but they were contacted
and provided with information regarding the study protocol via
telephone. Participants for Study I were recruited from October
2018 to February 2019, with a total of 37 pairs agreeing to
participate in the study. From December 2021 to February 2022,
34 pairs of participants were recruited for Study II.

Prior to data collection, participants were asked to provide
written informed consent (Study I) or verbal consent (Study II).

Throughout the study period, caregivers were required to have
a smartphone connected to the internet and have or agree to
apply for Facebook messenger. The child was required to have
at least one tooth and have no serious medical problems
affecting oral health status (eg, Down syndrome). Parent-child
pairs were excluded from the study if they could not
communicate in the Thai language or refused to consent to the
study.

Interventions
After consenting to the study, the caregivers were trained to use
the chatbots via their mobile devices. For Study I, caregivers
were also given in-person instructions on toothbrushing
technique, toothbrush selection, amount of toothpaste, and
children’s positioning while brushing teeth. The trainers used
a doll to demonstrate toothbrushing (scrub technique); then, the
caregiver practiced toothbrushing with their child. The training
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session lasted 10 minutes to 15 minutes. As previously
mentioned, due to the COVID-19 pandemic, in-person
toothbrushing training was replaced with a video clip in Study
II. The chatbot administrator observed the user engagement
during the trial and assisted with resolving technical problems.

Data Collection and Outcome Assessment
There were 2 primary outcomes in this study: the effectiveness
and usability of the chatbots. The chatbots’ effectiveness was
assessed in terms of changes in knowledge, oral health care
perceptions based on PMT, and practices in oral hygiene care
of young children. Both studies used a structured questionnaire
designed to gather information on sociodemographic
characteristics and oral health knowledge, perceptions, and
practices at baseline and follow-up. Oral health knowledge
questions comprised 11 items covering the following:
appropriate time to begin brushing, frequency of brushing,
brushing method, fluoride toothpaste, and child behavior
management. A correct answer received 1 point, while an
incorrect answer received 0 points. Questions about perceptions
collected information about perceived severity, perceived
vulnerability, response efficacy, and self-efficacy. The answer
options were “positive perception” (3 points), “uncertain” (2
points), and “negative perception” (1 point). Oral hygiene
practices were assessed using 4 categorical questions: brushing

by a caregiver, frequency of toothbrushing per day, fluoride
toothpaste usage, and the amount of toothpaste used.

The content validity and construct validity of the questionnaire
were assessed by 2 experts for Study I and 3 experts for Study
II. In both studies, face validity was determined through
questionnaire-based pilot testing with 15 participants. A
face-to-face interview by trained interviewers was used to collect
data for Study I, while a self-administered online questionnaire
via a Google Form was applied during the COVID-19 pandemic
for Study II. In addition to the questionnaire, 1 dentist examined
oral hygiene status under natural light using a disposable plastic
straw and mouth mirror at baseline and follow-up in Study I.
The amount of visible plaque found on the buccal surface of all
erupted teeth was scored (0=no visible plaque; 1=presence of
plaque).

Caregivers were asked to provide feedback on satisfaction with
the chatbot at the last session (21st or 30th day). Open-ended
questions were used to collect caregivers’ suggestions. The
overall satisfaction score rating ranged from 0 to 10 (0=very
dissatisfied; 10=very satisfied). For Study II, an additional
survey was administered using an in-depth interview (n=8). The
usage patterns and days of engagement with the chatbots were
recorded in log files (Figure 3).

Figure 3. Comparison of the methodologies used in the 2 study settings.

Data Analysis
The data were statistically analyzed using the free, open-access
statistical software PSPP version 1.2.0 for Windows. Cronbach
α was used to determine the questionnaire’s internal consistency
on overall oral health care perceptions based on PMT (α=.81
for Study I, α=.83 for Study II). Descriptive statistics were used
to describe the baseline characteristics of study participants and
responses to the questionnaires. The scores for perception and
knowledge questions were normalized to 1 by summarizing the

response scores of each question and dividing by the number
of questions and the highest score. Then, means and standard
deviation for each item and the overall score of the knowledge
and perception questionnaires were calculated. The McNemar
test was used to determine if there was a significant change in
the proportions (before and after) of oral hygiene practices, and
the Student paired t test was used to determine whether there
was a statistically significant change in the mean scores for
knowledge, perception, and plaque levels. The percentage of
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caregivers who finished the chatbot session and the average
number of days using chatbots were calculated.

Results

The sample comprised 71 pairs of participants: 37 for Study I
and 34 for Study II. Similar sociodemographic characteristics
were observed in the 2 studies (Table 1).

Both studies revealed a significant increase in toothbrushing
for children by caregivers. Additionally, an increase in
toothbrushing at least twice daily by caregivers for children was
reported, but only Study I showed a significant difference
(P=.02), with a 22% increase. The percentage of caregivers who
used fluoride toothpaste and the amount of toothpaste used did
not differ significantly. The plaque level significantly reduced
after the intervention in Study I (Table 2).

Both the 21-day and 30-day chatbot applications significantly
improved overall oral health care perceptions based on PMT,
and every category, except perceived vulnerability, in Study II
was not statistically different (Table 3).

Both chatbot applications statistically significantly increased
overall knowledge and specific knowledge, such as brushing
techniques and use of fluoride toothpaste. Additionally, the
chatbot in Study I demonstrated a significantly greater
understanding of the appropriate time to start toothbrushing and
how to manage child behavior while brushing (Table 4).

Table 5 summarizes chatbot engagement and satisfaction with
both chatbots. Satisfaction scores for Studies I and II were very
high, at 9.2 and 8.6 out of 10, respectively. Almost all
participants expressed that their respective chatbot was
enjoyable, content-rich, capable of empathetic interaction, and
worthy of assisting them improve their behaviors. Additionally,
the users were impressed by the multimedia elements such as
video and infographics for compelling storytelling and artwork.
Quite a few participants raised concerns about the platform’s
stability. Some participants in Study I mentioned that in-person
toothbrushing training made them more confident at
toothbrushing and eager to clean their children’s teeth.

Table 1. Characteristics of the samples in Studies I and II.

Study II (34 child-parent pairs)Study I (37 child-parent pairs)Characteristics

20.1 (8.0)16.4 (6.1)Child age (months), mean (SD)

Primary caregiver, n (%)

30 (88)35 (95)Mother

4 (12)2 (6)Other

32.3 (10.1)31.9 (9.0)Caregiver age (years), mean (SD)

Caregiver education, n (%)

6 (18)3 (8)Primary school

6 (18)4 (11)Junior high school

10 (29)16 (43)High school

12 (35)14 (38)Diploma or more

Caregiver occupation, n (%)

16 (47.1)5 (13.5)Housewife

8 (23.5)23 (62.2)Employee

2 (5.9)0 (0)Agriculture

3 (8.8)3 (8.1)Business owner

5 (14.7)6 (16.2)Government

Religion, n (%)

4 (12)1 (3)Buddhist

30 (88)36 (97)Muslim

2.3 (1.5)2.0 (1.1)Number of children in their house/siblings, mean (SD)
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Table 2. The effects of the chatbot application on oral health care practices for young children in Studies I and II.

Study IIStudy IOral health practices

P valueChi-square (df)After, n (%)Before, n (%)P valueChi-square (df)After, n (%)Before, n (%)

Toothbrushing for children by caregiver

.04a5.33 (1)30 (88)22 (65).02a6.40 (1)36 (97)28 (76)Yes

4 (12)12 (35)1 (3)9 (24)No

Frequency of brushing by caregiver

.69cN/Ab0 (0)0 (0).00212.23 (2)3 (8)13 (46)Not everyday

3 (10)3 (14)12 (33)5 (18)Once a day

27 (90)19 (86)21 (58)10 (36)Twice or more a day

.14cN/A25 (100)13 (87).39cN/A36 (100)22 (96)Fluoride toothpaste usage

Amount of toothpaste

.22cN/A25 (93)16 (76).750.10 (1)22 (61)15 (65)Smear

2 (7)5 (24)14 (39)8 (35)Pea or regular size

N/AN/AN/AN/A<.0016.82 (36)0.18 (0.21)0.48 (0.33)Plaque scored

aMcNemar-test.
bN/A: not applicable.
cFisher exact test.
dMean (SD).

Table 3. The effects of the chatbot application on oral health care perceptions based on protection motivation theory in Studies I and II.

Study IIStudy IPerceptionsa

P valuet test (df)b
Posttest, mean
(SD)

Pretest, mean
(SD)P valuet test (df)b

Posttest, mean
(SD)

Pretest, mean
(SD)

<.0014.03 (33)0.86 (0.15)0.73 (0.20)<.0014.94 (36)0.79 (0.26)0.47 (0.33)Perceived severity

.291.07 (33)0.89 (0.19)0.83 (0.24).0033.15 (36)0.78 (0.42)0.46 (0.51)Perceived vulnerability

<.0013.89 (33)0.79 (0.16)0.68 (0.14)<.0017.76 (36)0.90 (0.18)0.57 (0.24)Response efficacy

.012.64 (33)0.80 (0.15)0.72 (0.15)<.0014.15 (36)0.89 (0.18)0.71 (0.24)Self-efficacy

<.0014.36 (33)0.83 (0.12)0.74 (0.12)<.0017.67 (36)0.86 (0.16)0.58 (0.19)Overall perceptions

aThe scores were normalized to 1.
bPaired t tests were used to compare the difference between pretest and posttest scores.

Table 4. The effects of the chatbot application on knowledge in Studies I and II.

Study IIStudy IKnowledgea

P valuet test (df)b
Posttest,mean
(SD)

Pretest,
mean (SD)P valuet test (df)b

Posttest,
mean (SD)

Pretest,
mean (SD)

.071.87 (33)0.59 (0.50)0.38 (0.49).0017.33 (36)0.86 (0.35)0.22 (0.42)Appropriate time to start toothbrushing

.990.00 (33)0.59 (0.34)0.59 (0.31).321.00 (36)0.80 (0.34)0.78 (0.42)Frequency of toothbrushing

.0023.40 (33)0.75 (0.17)0.64 (0.17).0013.83 (36)1.00 (0)0.80 (0.33)Brushing method

.032.27 (33)0.62 (0.49)0.38 (0.49)<.0013.97 (36)1.00 (0)0.82 (0.27)Fluoride toothpaste

.331.00 (33)0.72 (0.25)0.69 (0.25).0062.93 (36)0.96 (0.14)0.81 (0.29)Child behavior management

.0013.50 (33)0.66 (0.23)0.53 (0.26)<.0016.32 (36)0.94 (0.09)0.73 (0.21)Overall knowledge

aThe scores were normalized to 1.
bPaired t tests were used to compare the difference between pretest and posttest scores.
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Table 5. Engagement and satisfaction with the chatbot in Studies I and II.

Study IIStudy IEngagement and satisfaction

Chatbot engagement

25 (74)30 (81)Full program engagement, n (%)

24.2 (2.8)19.9 (4.9)Days of engagement, mean (SD)

5.7 (1.7)6.4 (1.5)Days of engagement per week, mean (SD)

8.6 (1.2)9.2 (0.9)Satisfaction with the bot (0-10), mean (SD)

Discussion

To the authors' knowledge, this is the first study to use a
chatbot-mediated intervention for oral health both prior to and
during the COVID-10 pandemic. This study presents the
effectiveness of both the 21-day FunDee chatbot with in-person
training and the 30-day FunDee chatbot application in improving
the child oral hygiene care by caregivers. Additionally, it
demonstrated the potential for chatbots to serve as an alternative
for in-person training for skills such as toothbrushing.

Both studies resulted in a significant improvement in
toothbrushing by caregivers for children, with greater
percentages reported than by other studies conducted in similar
age groups utilizing traditional oral health education with or
without in-person toothbrushing training [12]. Toothbrushing
for children by caregivers has been shown as a key factor
influencing the quality of plaque reduction for these young
children compared with child self-toothbrushing [9].

In Study I, the percentage of caregivers who brushed their
children's teeth twice daily increased from 36% to 58%, a
significant increase of approximately 22%. In contrast, few
changes were observed in Study II, possibly as a result of better
baseline toothbrushing practices. In both studies, all caregivers
eventually used fluoride toothpaste, which may result in
long-term benefits for caries control [28]. Brushing teeth twice
a day moderately increased, similar to a study with toddlers
aged 9 months to 18 months in Thailand utilizing PMT with
in-person toothbrushing training, which reported an increase
from 11% to 42% over 1 year, compared with an increase from
11% to 16% in the control group receiving routine care [11].
This was consistent with a participatory approach intervention
for caregivers of children younger than 6 years that included
90-minute, small-group sessions providing educational
information, direct instruction, practice, and peer-to-peer
problem solving. After 4 weeks to 8 weeks of intervention,
improvement ranged from 59% to 89% [29]. It is worth noting
that all other studies used human resources to accomplish the
changes. In a meta-analysis, infrequent brushing had a
significant impact on the incidence and increment of carious
lesions in deciduous teeth (odds ratio 1.75, 95% CI 1.49-2.06)
[30].

Study I demonstrated remarkable plaque reduction (62.5%) at
the 1-month evaluation, which was similar to a study using a
gamification application for mothers to reduce plaque
accumulation in children aged 4 years to 5 years (plaque
reduction of 50%) [31]. Both studies demonstrated a significant
increase in oral health care knowledge, particularly regarding

toothbrushing technique and the use of fluoride toothpaste.
However, the caregivers believed that once per day was
sufficient for brushing their children's teeth. It is necessary to
gain a deeper understanding of caregivers' motivations and
beliefs to improve chatbot conversations. Study I demonstrated
slightly more progress in overall oral health care knowledge
than Study II, which may be explained by the lower beginning
knowledge score and more extended evaluation period in Study
II.

PMT was used to develop the 2 chatbots aiming to improve
toothbrushing behavior and engagement. Our 2 studies showed
a high success rate in improving overall caregivers' perceptions
except for perceived vulnerability, observed in Study I only. It
is possible that, in Study I, in-person training raised the
participants’ awareness by showing them their children’s level
of plaque, while 30-Day FunDee persuaded caregivers to check
their children's plaque and compare it with infographics provided
by chatbot. To increase the motivation to change, Study II may
have enhanced perceived vulnerability using AI technology to
compare plaque levels based on photographs of each participant
that were more contextually relevant.

In-person training is a powerful way to increase one’s ability
and empower confidence in toothbrushing [13,14]. A study
demonstrated that increased perceived severity and self-efficacy
via in-person training for toothbrushing techniques can reduce
plaque levels on a long-term basis [11]. Additionally, Finlayson
et al [32] found that increased maternal oral health–related
self-efficacy is associated with increased frequency of
toothbrushing in children aged 1 year to 5 years. Self-efficacy
is a crucial aspect of PMT and has been identified as a factor
that enables individuals to adhere to healthier behaviors and
predicts a range of health behaviors including oral self-care
[33-35]. In our study, we discovered that the chatbot, 30-Day
FunDee, effectively improves toothbrushing practices,
self-efficacy, response efficacy, and threat perceptions in terms
of perceived severity. Thus, this chatbot might be used as an
alternative for in-person training for toothbrushing for young
children by caregivers.

Interestingly, both studies had high engagement rates (6.4 days
and 5.7 days per week in Study I and Study II, respectively)
compared with other studies on chatbots in health, such as the
study by Jang et al [36] that reported 5.1 days per week of
chatbot engagement with a 4-week chatbot course and the study
by Fitzpatrick et al [37] that reported 6.1 days per week of
chatbot adherence with a 14-day chatbot course. It is noticeable
that a longer period for chatbot delivery is related to a decreased
engagement rate. Engagement with the chatbot in our study

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39218 | p.839https://www.jmir.org/2022/10/e39218
(page number not for citation purposes)

Pithpornchaiyakul et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


may have resulted from the high satisfaction score for the
chatbots. The chatbots were satisfying since they contain
attractive multimedia; understandable content; friendly,
empathetic dialogue; and utility as well as being easy to use.
This is consistent with other studies showing high acceptability
via chat enjoyment, bonding, creation of social and emotional
relationships, ease of use, usefulness, and a desire to use [38,39].

Based on our experience, the model by Zhang et al [20] is useful
for planning the overall conversational flow and creating more
humanized chatbots. Incorporating content and behavioral
change theory into the conversational flow was the most
challenging aspect of achieving harmony. The conversational
flow reflected, to some extent, what we had used to successfully
motivate patients to improve their oral health behavior and what
we had learned by applying theory to practice.

This secondary data analysis has some limitations. First, both
studies used a pre-post design that may have a maturity bias;
therefore, the chatbot’s effectiveness in improving oral health
behavior may be overestimated. Second, although our study
was conducted with similar research methodology, the interview

procedure and follow-up period differed. Study I used
face-to-face interviews and a shorter follow-up period of 9 days
after the intervention ended; therefore, the study may be subject
to examiner bias, and the results may reflect the chatbot’s
short-term effect. Although Study II used a self-administered
online questionnaire, its validity could be compromised if
individuals responded unintentionally, and a longer follow-up
time could influence memory retention. To generalize the results
of this study, randomized trials in different groups and a
longer-term evaluation of caries prevention should be conducted
in future studies. Furthermore, to improve the effectiveness of
chatbots, adaptive learning and AI-based conversation should
be incorporated.

This study introduced chatbot applications as a new normal
approach to oral health education. We demonstrated the
effectiveness of using chatbots to empower caregivers of young
children to perform oral hygiene care for the child prior to and
during the COVID-19 pandemic and showed the possibility of
using chatbots to improve toothbrushing abilities without actual
in-person training.
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Introduction

General practitioners (GPs) are the first point of contact for
most people in Australia seeking medical attention. They play
an important role in the prevention, early detection, and
management of both acute and chronic diseases. In Australian
general practice, antibiotics are commonly prescribed for
respiratory tract infections (RTIs) despite evidence of limited
efficacy [1,2]. A previous study identified that the antibiotic
prescribing rates for RTIs by GPs are up to 9 times higher than
recommended by practice guidelines [3]. Such findings have
raised public health concerns about overprescribing antibiotics,
emphasizing the need for continued monitoring of antibiotic
prescribing activities in Australian general practice.

In mid-March 2020, the Australian government implemented
the expansion of telehealth services covered by Medicare
(Australia’s universal health insurance) in response to the
COVID-19 pandemic. Subsequently, many GPs shifted care
delivery from face-to-face consultations to telehealth (telephone
or video-conference consultations). A study conducted in the
early stage of the pandemic showed lower rates of medication
prescriptions via telehealth compared to face-to-face
consultations in Australian general practice [4]; however,

antibiotic prescribing for RTIs by consultation modality is yet
to be explored. Therefore, we examined antibiotic prescribing
for RTIs via telehealth in comparison with face-to-face
consultations from April 2020 to November 2021.

Methods

Data and Analysis
This retrospective study used data from the Population Level
Analysis and Reporting (POLAR) platform [4]. POLAR
comprises deidentified electronic health records collated from
approximately 1000 general practices across 2 states in Australia
(ie, Victoria and New South Wales). To obtain our variables of
interest, diagnosis data were used to identify consultations for
respiratory infections based on SNOMED-CT (Systematized
Nomenclature of Medicine – Clinical Terms) codes (respiratory
infection, [viral/bacterial/recurrent/acute] upper respiratory tract
infection, and [viral/bacterial/recurrent/acute] lower respiratory
tract infection); antibiotic prescriptions were identified via the
Anatomical Therapeutic Chemical code J01 (antibacterials for
systemic use) in prescription data; and consultation modality
was defined based on service item numbers from Medicare
billing data [5].

J Med Internet Res 2022 | vol. 24 | iss. 10 |e40876 | p.843https://www.jmir.org/2022/10/e40876
(page number not for citation purposes)

Imai et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:chrissy.imai@mq.edu.au
http://dx.doi.org/10.2196/40876
http://www.w3.org/Style/XSL
http://www.renderx.com/


For the analysis, we examined the mean weekly percentage of
consultations with antibiotic prescribing between April 1, 2020,
and November 30, 2021. We also determined the patient-level
probability of an antibiotic being prescribed during consultations
in the periods June to November 2020 and June to November
2021, using generalized estimating equations with the
Huber-White standard error, adjusted for patient factors (age,
gender, remoteness, state of residence, active status as defined
by the Royal Australian College of General Practitioners
[RACGP], and recent history of consultation) and a sampling
effect within the general practices. Active patients (ie, regular
visitors to a practice) were defined based on the definition from
the RACGP as individuals who had attended the practices 3 or
more times in the past 2 years at the time of visit [6].

Ethics Approval
Ethics approval was obtained from the Macquarie University
Human Research Ethics Committee (#52020675617176).

Results

Between April 2020 and November 2021, a total of 105,719
individuals had an RTI diagnosis and attended 141,444

consultations: 92,318 (65.3%) face-to-face visits and 49,126
(34.7%) telehealth consultations (comprising 48,159 via
telephone and 967 via video conference).

In 2020, the weekly mean antibiotic prescribing rates for RTIs
were 56.7% (95% CI 54.2%-59.3%) for face-to-face
consultations and 40.8% (95% CI 37.2%-44.4%) for telehealth
(Figure 1). In 2021, the weekly mean prescribing rates were
58.6% (95% CI 55.8%-61.4%) for face to face and 61.0% (95%
CI 59.1%-63.0%) for telehealth. We also evaluated the number
of prescriptions during the study period and observed the same
longitudinal trend.

At the patient level, the probability of receiving an antibiotic
prescription through a telehealth consultation also increased
from 59.3% (95% CI 57.6%-61.0%) in 2020 to 65.7% (95% CI
64.4%-67.0%) in 2021 (Table 1). The probability via
face-to-face consultations was consistent across 2020 and 2021:
65.2% (95% CI 63.4%-66.9%) and 66.9% (95% CI
65.5%-68.2%), respectively.

Figure 1. Weekly mean percentage of respiratory tract infection consultations with an antibiotic prescription for F2F and telehealth consultations (April
2020 to November 2021). F2F: face-to-face; NSW: New South Wales; VIC: Victoria.
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Table 1. Patient probability of receiving antibiotic prescriptions in a consultation for respiratory tract infection.

Estimated probability (%) of receiving antibiotic prescription (95% CI)Variables

20212020

Age group (years)

54.7 (53.0-56.4)54.2 (52.0-56.6)<10

59.1 (56.3-62.0)50.5 (47.6-53.6)10-24

67.7 (65.9-69.6)61.6 (58.9-64.5)25-44

73.2 (71.0-75.5)74.6 (71.2-78.1)45-64

83.3 (80.3-86.5)93.4 (87.7-99.4)≥65

Sex

66.9 (65.5-68.2)65.2 (63.4-66.9)Female

65.6 (64.1-67.1)58.0 (56.2-59.8)Male

Active status

51.9 (50.3-53.6)48.9 (47.2-50.7)Nonactive

66.9 (65.5-68.2)65.2 (63.4-66.9)Active

Remoteness

66.9 (65.5-68.2)65.2 (63.4-66.9)Major cities

77.3 (74.9-79.7)75.8 (72.1-79.7)Regional or remote areas

Previous encounter (≤2 weeks)

66.9 (65.5-68.2)65.2 (63.4-66.9)No

66.5 (65.2-67.9)63.6 (61.9-65.3)Yes

State

67.7 (66.4-69.1)65.2 (63.4-66.9)New South Wales

66.9 (65.5-68.2)54.6 (52.9-56.4)Victoria

Consultation

66.9 (65.5-68.2)65.2 (63.4-66.9)Face to face

65.7 (64.4-67.0)59.3 (57.6-61.0)Telehealth

Discussion

Antibiotic prescribing via telehealth increased over time, with
rates initially much lower than face-to-face consultations;
however, the prescribing rates between the two consultation
modalities became equivalent toward the end of 2021.

While telehealth offers some advantages such as less travel time
and prevention of infectious disease transmissions, the caveats
include limited physical examination capabilities. Such

limitations may potentially impact the adequacy of medication
prescribing, particularly in populations like children who have
difficulty verbalizing symptoms.

Considering that high antibiotic prescribing rates for RTIs by
Australian GPs is a long-standing public health concern, the
findings from this study highlight the need for monitoring the
impacts of telehealth on medication prescribing in general
practice. Further, studies on telehealth decision-making
processes for antibiotic prescribing that evaluate prescribing
adequacy appear critical.
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Introduction

Health-related quality of life (HRQoL), defined as a person’s
self-perceived health status in relation to their social, cultural,
and environmental context, is linked to better health and the
ability to deal with adverse life events [1]. Social factors such
as loneliness are known to influence HRQoL negatively [2].
The COVID-19 pandemic has disproportionately impacted older
adults, with social distancing measures worsening isolation
levels [3], which we hypothesize has resulted in lower levels
of HRQoL (hypothesis 1).

Further, technology use is linked to improved self-rated health
and psychological well-being, alleviating loneliness among
older adults, and encouraging behaviors that may lead to better
levels of HRQoL [4]. Digital communication tools became
critical during the pandemic to remain socially connected and
helped prevent social health risks [5], potentially benefiting
those with lower HRQoL [6]. We hypothesized that technology
use could predict higher HRQoL (hypothesis 2). Moreover,
disease containment measures resulted in increased isolation
and loneliness among older adults [3], which could impact
HRQoL (hypothesis 3). Increased knowledge about how HRQoL
was impacted by pandemic loneliness, isolation, and technology
use may better inform health care workers, policy makers, and
the public.

Methods

This was an observational cross-sectional study from March
16, 2020, to June 21, 2021, when social distancing mandates
were in force. Participants were recruited in England.

Ethics Approval
The study received ethical approval from the University
Research Ethics Committee (Ref FHMREC19121).

Participants
Eligible participants were living in their own homes, proficient
in English, and aged ≥65 years. The sample (G*Power
confirmed effect size of 87) consisted of 89 people aged 65 to
92 (mean 73.2, SD 7.46) years.

Variables and Measures
Participants completed a background questionnaire capturing
age, gender, and ethnicity. We used the following standardized
measures: UCLA Loneliness Scale [7], Technology Experience
Questionnaire [8], Lubben’s Social Isolation Scale, and
Short-Form 36 [9], a measure of HRQoL comprising eight health
scales (physical/mental).

Procedure
Surveys were conducted via telephone, with further analysis
done using SPSS Ver 28 (IBM Corp).
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Statistical Methods
Higher scores on the UCLA Loneliness Scale and technology
use measures indicated greater loneliness and technology use;
lower scores on Lubben’s scale indicated greater isolation.
Pearson correlation determined whether lower social isolation
(hypothesis 1) and greater technology use (hypothesis 2) were
associated with higher HRQoL. Multiple linear regression
models were built to evaluate whether loneliness predicted
HRQoL after controlling for social isolation and technology
use (hypothesis 3).

Results

Low social isolation (hypothesis 1) and higher technology use
(hypothesis 2) were significantly associated with higher HRQoL
(Table 1).

Multiple linear regression was calculated (Table 2) for
hypothesis 3. Model 1, incorporating loneliness, explained
24.9% of the variance in HRQoL. Model 2, incorporating social
isolation, explained an additional nonsignificant 0.1% of the
variance (F1,89=0.112; P=.74). Model 3, adding technology use,
explained an additional 5.5% of the variance (F1,88=6.93; P=.01).

Semipartial correlations squared showed unique amount of
variance; only technology use predicted a significant unique

amount of the variance in HRQoL (sr2=0.0547; P=.01), followed

by loneliness (sr2=0.0179; P=.14) and social isolation

(sr2=0.0004; P=.82).

Table 1. Correlational analysis between variables (N=89).

Social isolationTechnology useHRQoLaUCLA Loneliness score

UCLA Loneliness score

–0.853–0.631—0.499—bPearson correlation

<.001<.001<.001—P value

HRQoL

0.4420.497—−0.499Pearson correlation

<.001<.001—<.001P value

Technology use

0.577—0.497−0.631Pearson correlation

<.001—<.001<.001P value

Social isolation

—0.5570.442−0.853Pearson correlation

—<.001<.001<.001P value

aHRQoL: health-related quality of life.
bNot applicable.

Table 2. Model output and coefficients of multiple linear regression models for health-related quality of life (N=89).

Model 3Model 2Model 1Independent variables

P valueBb (SE)P valueBb (SE)P valueBb (SE)

.14−0.275−2.246 (1.490).01−0.449−3.66 (1.436)<.001−0.499−4.07 (0.745)Loneliness

.820.0390.369 (1.62).740.0590.559 (1.671)N/AN/AN/AaSocial isolation

.010.3021.071 (0.407)N/AN/AN/AN/AN/AN/ATechnology use

<.001N/A536.117
(128.009)

<.001N/A723.318
(109.926)

<.001N/A757.851 (37.75)Intercept

.01N/A0.305 (0.055).74N/A0.250 (0.001)<.001N/A0.249R2 (ΔR2)

<.001N/A12.865 (3,88)<.001N/A14.844 (2,89)<.001N/A29.871 (1,90)F test (df)

aN/A: not applicable.

Discussion

Few studies to date have examined the impact of social isolation,
loneliness, and technology use together on HRQoL in older

adults in England during the pandemic. We found that loneliness
negatively impacts HRQoL, and technology use positively
impacts it. Although social isolation has been linked to HRQoL,
it had a low impact when loneliness was accounted for.
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Technology use was related to higher HRQoL, aligning our
findings with the results of previous studies [9]. However, the
magnitude of the positive effect was notable when considering
prepandemic studies [10]. Loneliness impacted HRQoL even
when social isolation and technology use were accounted for,
in agreement with previous literature [10]. The cross-sectional
design prevented us from determining causality and was the
main limitation of this study. Our study has relevant implications
for health professionals such as health psychologists seeking to
improve the HRQoL of older adults, especially through adverse

life events like the pandemic or other circumstances that would
put older adults in a similar situation where their mobility has
been restricted. Our study informs that loneliness should be
addressed, in conjunction with increasing technology use, in
interventions. The absence of longitudinal studies examining
the same cohort before and after the pandemic makes this
interpretation speculative. Further research is needed to
determine causes, and future studies need to examine
pandemic-linked long-term impacts on the mental health and
well-being of older adults.
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Abstract

Background: The COVID-19 pandemic and its corresponding preventive and control measures have increased the mental
burden on the public. Understanding and tracking changes in public mental status can facilitate optimizing public mental health
intervention and control strategies.

Objective: This study aimed to build a social media–based pipeline that tracks public mental changes and use it to understand
public mental health status regarding the pandemic.

Methods: This study used COVID-19–related tweets posted from February 2020 to April 2022. The tweets were downloaded
using unique identifiers through the Twitter application programming interface. We created a lexicon of 4 mental health problems
(depression, anxiety, insomnia, and addiction) to identify mental health–related tweets and developed a dictionary for identifying
health care workers. We analyzed temporal and geographic distributions of public mental health status during the pandemic and
further compared distributions among health care workers versus the general public, supplemented by topic modeling on their
underlying foci. Finally, we used interrupted time series analysis to examine the statewide impact of a lockdown policy on public
mental health in 12 states.

Results: We extracted 4,213,005 tweets related to mental health and COVID-19 from 2,316,817 users. Of these tweets, 2,161,357
(51.3%) were related to “depression,” whereas 1,923,635 (45.66%), 225,205 (5.35%), and 150,006 (3.56%) were related to
“anxiety,” “insomnia,” and “addiction,” respectively. Compared to the general public, health care workers had higher risks of all
4 types of problems (all P<.001), and they were more concerned about clinical topics than everyday issues (eg, “students’pressure,”
“panic buying,” and “fuel problems”) than the general public. Finally, the lockdown policy had significant associations with
public mental health in 4 out of the 12 states we studied, among which Pennsylvania showed a positive association, whereas
Michigan, North Carolina, and Ohio showed the opposite (all P<.05).

Conclusions: The impact of COVID-19 and the corresponding control measures on the public’s mental status is dynamic and
shows variability among different cohorts regarding disease types, occupations, and regional groups. Health agencies and policy
makers should primarily focus on depression (reported by 51.3% of the tweets) and insomnia (which has had an ever-increasing
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trend since the beginning of the pandemic), especially among health care workers. Our pipeline timely tracks and analyzes public
mental health changes, especially when primary studies and large-scale surveys are difficult to conduct.

(J Med Internet Res 2022;24(10):e39676)   doi:10.2196/39676

KEYWORDS

COVID-19; mental health; social media; Twitter; topic model; health care workers

Introduction

The global COVID-19 pandemic has drastically changed
people’s daily lives since the first confirmed case in December
2019 [1]. It has led to high hospitalization and fatality and
negatively impacted public mental health [2,3]. Mental health
problems cover a wide range of populations during the
pandemic. The causes include but are not limited to the infection
and death of relatives and friends, fear of illness, isolation
brought by quarantine [4,5], and stress from unemployment [6].
At the same time, specific subpopulations such as children and
adolescents [7,8], students [9,10], patients with COVID-19 [11],
and health care workers [12,13] are particularly vulnerable to
psychological disorders during the pandemic.

Studies have pointed out that health care workers in the United
States experience psychological distress, facing high levels of
anxiety, depression, and burnout during the pandemic [14]. The
underlying reasons could be higher exposure risks to the virus
and overwhelming workload [15,16]. Although there is literature
on studying the mental health status of health care workers
during the pandemic period, existing research primarily focuses
on retrospective cross-sectional studies [13,14,16-19]. Therefore,
it is necessary to study the dynamic characteristics of their
mental status, identify general concerns, and provide timely
support [20,21].

Due to their large scale, immediacy, and comprehensive
coverage, social media platforms (such as Twitter, Facebook,
and Weibo) have been vital data sources of research to analyze
public perceptions timely when primary studies and large-scale
surveys are difficult to be conducted. For example, Chew et al
[22] used Twitter to study misinformation during the 2009 H1N1
pandemic, and Masri et al [23] found that new case trends can
be predicted 1 week ahead based on related tweets for the 2015
Zika epidemic. Similarly, numerous studies have used social
media to monitor public perceptions on topics such as enforced
remote work [24], vaccines [25,26], drug use [27], mask wearing
[28], and so on. Meanwhile, Berry et al [29] pointed out through
a study with both quantitative and qualitative approaches that
people are willing to discuss mental health problems on Twitter
for varied reasons, including the sense of community and Twitter
being a safe space for expression, coping, empowerment, etc.
However, existing literature on public mental health during the
pandemic using Twitter data [30-33] either has short study
periods and small sample sizes or does not focus on subtypes
of mental health problems and subgroup prevalence. More
granular study designs and more comprehensive data are needed
for such studies.

Finally, there is inconsistency in studying the effect of lockdown
policies—one of the most highly debated topics related to mental

health during the pandemic. Das et al [34] found that “state
lockdown policies precede greater mental health symptoms.”
In contrast, Adams-Prassl et al [35] found that “the lockdown
measures lowered mental health by 0.083 standard deviations.”

To fill in these research gaps and potentially resolve the
inconsistency, this study aimed to use related data from February
1, 2020—the beginning of the pandemic—to April 30, 2022,
to analyze public mental status, problem types, their temporal
and geographic distributions during COVID-19, as well as the
effects of lockdown policies on public mental health across
states (Figure S1 in Multimedia Appendix 1). In detail, we used
this study to answer the 4 following research questions:

1. What types of mental health problems were the most
frequent?

2. What mental health–related topics were the public the most
concerned about, and how did relevant discussions change
over time?

3. Are there differences in mental health concerns between
the general population and health care workers?

4. How did lockdown policies impact public mental health?

To answer question 1, two mental health experts from our teams
curated a mental health lexicon for Twitter that categorizes
related tweets into 4 common mental health problems: anxiety,
depression, insomnia, and addiction. Based on this lexicon, we
extracted related tweets and visualized their distributions by
week and state. To answer questions 2 and 3, we built a pipeline
to identify potential health care workers, used a topic model to
summarize related tweets into 16 topics, and compared the topic
distributions among health care workers and the general
population. To answer question 4, we identified tweets related
to mental issues and compared their proportions before and after
lockdown policies across different US states.

Methods

Data Collection
We collected and downloaded COVID-19–related tweets from
February 1, 2020, to April 30, 2022, from Twitter’s application
programming interface using the unique tweet ID provided by
an open-source COVID-19 tweet database [36]. The downloaded
data contained full tweet texts and the corresponding metadata,
including created time, user information, tweet status, etc. We
further filtered out non–English-language and retweeted tweets
and kept 471,371,477 tweets. Our data collection process strictly
followed Twitter’s privacy and data use management. This study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology reporting guidelines.
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Ethics Approval
This study was conducted with approval by the Institutional
Review Board of Zhejiang University (ZGL202201-2).

Data Preprocessing and Filtering
We removed tweets that contain URLs because such tweets
often only included summaries or quotations of the original
contents (169,660,346 tweets remained). A psychiatrist and a
psychologist curated a mental health lexicon with 231 keywords.

The keywords were categorized into 4 subgroups: anxiety,
depression, insomnia, and addiction (Table S1 in Multimedia
Appendix 1). We used this lexicon to extract mental
health–related tweets through keyword matching against the
preprocessed tweets and identified 4,460,203 tweets. To reduce
the impact of spam and misinformation tweets, we removed
data from users who posted more than 1000 mental
health–related tweets during the study period. The final data set
contained 4,213,005 tweets. Figure 1 shows an overview of the
data preprocessing process.

Figure 1. Data collection and preprocessing.

Geographic Information Extraction
The geographic information of users was collected from 2 fields
of the tweets: (1) the “place” field in tweet metadata and (2) the
“location” variable nested in the “user” field of tweet metadata.
The “place” information was chosen as the primary evidence
of the users’ geographic information, since it is generated from
GPS data and is, therefore, more accurate than the information
from the self-reported “location” field. We used a list of US
state names to extract users’geographic information (“Methods”
in Multimedia Appendix 1 [37-39]). Tweets from users
associated with more than 1 state were removed in this step.

Topic Model Analysis
The Latent Dirichlet Allocation model [39] was used to conclude
the main topics of mental health–related tweets. To create the
corpora for topic modeling, we removed all stop words [40] as
well as numbers and symbols. The topic model was implemented
using the LdaModel function of the Genism package [40]. We
selected the number of topics—a model hyperparameter—based
on perplexity and topic coherence (“Methods” in Multimedia
Appendix 1 [37-39]).

Health Care Worker Identification
To identify health care workers, we built a health care worker
identification lexicon, whose keywords can be roughly divided

into 3 groups: occupation, degree, and the title of the association
(“Methods” in Multimedia Appendix 1 [37-39]). The dictionary
contained 47 keywords, such as “doctor,” “MD,” “Doctor of
Medicine,” “FACP,” etc (Table S2 in Multimedia Appendix 1).
We used this lexicon to filter the user’s description and extracted
49,307 tweets from health care workers.

Statistical Analysis
We applied standard descriptive statistics to summarize the 4
types of mental health–related tweets proportion, including
median and IQRs. Wilcoxon matched-pairs signed-ranks test
was used to compare differences between health care workers
and the general population. Interrupted time series analysis [41]
was applied to analyze the lockdown policy’s effects on public
mental health (see detailed information in “Methods” in
Multimedia Appendix 1 [37-39]). We used Python software
(version 3.8) to conduct the statistical analyses and chose a P
value of .05 as the statistically significant threshold.

Results

Collected Data Set
Data preprocessing selected 4,213,005 mental health–related
tweets from 2,316,817 users (Figure 1). Among these tweets,
51.3% (2,161,357) were in the “depression” group, 45.66%
(n=1,923,635) tweets were in the “anxiety” group, 5.35%
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(n=225,205) tweets were in the “insomnia” group, and 3.56%
(n=150,006) tweets were in the “addiction” group. The sum of
the 4 proportions was larger than 100% because some tweets
included multiple keywords that belong to different mental
health subgroups. Additionally, 789,967 (18.75%) tweets were
extracted with their geographic information, and health care
workers posted 49,307 (1.17%) tweets (from 21,963 users).

Temporal Distribution of Mental Health–Related
Tweets
The trends of the weekly numbers of COVID-19 new cases and
mental health–related tweets in 4 subgroups are shown in Figure

S2 in Multimedia Appendix 1. The number of tweets of mental
health problems reached their first peak from February 29 to
April 4, 2020. We calculated and visualized the proportions of
mental health–related tweets among all COVID-19–related
tweets in Figure 2. The proportion curve of anxiety-related
tweets had 3 dominant peaks in March 2020, October 2020, and
September 2021. The curve of insomnia-related tweets
continually increased during the study period, whereas no
specific trends were observed in the curves of depression and
addiction.

Figure 2. Trends of 4 types of mental health symptom–related tweets by the proportion of tweets.

Geographic Distribution of Mental Health–Related
Tweets in the United States
Figure 3 shows the proportion of mental health–related tweets
among all COVID-19–related tweets in each US state from
February 1, 2020, to April 30, 2022, and visualizes the monthly
tweet proportion for all the 50 US states (concrete proportions

and 95% CIs are listed in Multimedia Appendix 2). Vermont,
Oregon, and Utah were the 3 states with the highest proportions
of mental health–related tweets, whereas Mississippi, Hawaii,
and Louisiana had the lowest proportions. The first 2 months
had a more substantial proportion of mental health–related
tweets than the following months across most states.
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Figure 3. Proportion distribution of mental health–related tweets in the United States.

Topics of Mental Health–Related Tweets
The most frequent terms for mental health–related tweets were
“people,” “worried,” “shame,” “panic,” “lockdown,” “anxiety,”
“mask,” etc (Figure S3 in Multimedia Appendix 1). We chose
16 to be the number of topics based on the perplexity and
coherence (“Methods” and Figure S4 in Multimedia Appendix
1 [37-39]). Topics and the corresponding top 20 most probable
unigrams and bigrams are displayed in Table S3 in Multimedia
Appendix 1. We assigned each topic with a topic name based
on the keywords. For example, a topic having the keywords
“college,” “student,” “stress,” and “exam” indicates that tweets
on this topic was likely to have been focused on “students’
pressure.” Except for the issues related to COVID-19 itself,

such as “COVID-19 news,” “test results,” and “mask wearing,”
the public also showed particular interest in topics such as
“economic collapse,” “panic buying,” and “fuel problems.” The
16 topics were then categorized into 6 topic groups: “COVID-19
pandemic,” “preventive measures,” “economic,” “people,”
“education,” and “mental health.” Figure 4 shows the dynamic
distributions of the investigated topics in relative tweet
proportions. The topic “lockdown days” occupied a dominant
position during the pandemic most of the time. “COVID-19
news” was frequently mentioned at the beginning of the
pandemic but returned to an average level after June 2020. The
topic of “panic buying” notably fluctuated in the research period
and was relatively large from February to March 2020 and from
August to October 2021.
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Figure 4. Dynamic characteristics of topic proportions.

Mental Health of Health Care Workers
We assessed the differences in the proportions of 4 mental health
symptom–related tweets between health care workers and the
general population and showed the results in Table 1. Statistical
results showed that the proportions of anxiety-, depression-,
insomnia-, and addiction-related tweets were significantly higher
in health care workers than in the general public (all P<.001).
Figure 5A shows the average number of tweets per user on
different topics. “Lockdown days” is the top topic discussed by

both health care workers and the general population. To
visualize the difference in topic distribution between health care
workers and the general population, we visualized the ratios of
the average number of tweets by topic for the 2 groups in Figure
5B. It demonstrates that health care workers discussed more on
13 topics, especially clinical-related topics such as “hospital
situations,” “COVID-19 symptoms,” and “mask wearing.”
Conversely, the general population focused on topics such as
“fuel problems,” “students’ pressure,” and “panic buying.”

Table 1. Comparison of proportions of mental health–related tweets between health care workers and the general population.

P valueWGeneral population (% tweets), median (IQRa)Health care workers (% tweets), median (IQRa)Mental health symptom

<.00121201.025 (0.956-1.094)1.103 (1.02-1.187)Anxiety

<.001261.255 (1.171-1.339)1.519 (1.396-1.642)Depression

<.00170.131 (0.093-0.17)0.251 (0.175-0.328)Insomnia

<.0011850.086 (0.079-0.094)0.139 (0.114-0.164)Addiction

aIQR and Wilcoxon matched-pairs signed-ranks test were applied to compare the differences between the 2 groups.
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Figure 5. The distribution of tweets in topics for health care workers and the general population. (A) Average number of tweets per user in each topic.
(B) Logarithmic ratio of the average number of tweets between health care workers and the general population on each topic. The ratio equals the
average number of tweets per user among health care workers divided by the average number of tweets among the general population.

Impacts of Lockdown Policies
We selected 12 states with more than 20,000 related tweets
during the study period to explore the effect of lockdown
policies on public mental status. We report the significant results
found in Michigan, Pennsylvania, North Carolina, and Ohio
(analysis results of the other 8 states are displayed in Figure S5
in Multimedia Appendix 1). Sensitivity analysis was applied to
verify the stability of the results (Table S4 in Multimedia

Appendix 1). Figure 6 shows the proportions of the 4 mental
health–related tweets changed after the lockdown policy in
Pennsylvania but not in the other 3 states. Table 2 lists the results
of the interrupted time series analyses [41] of the lockdown
policy on public mental health. The coefficient of “policy,”
meaning the change of intercept, was significant in the model
of Pennsylvania (P=.007), and the coefficient of interaction
term indicated that the change of slope was both significant in
the models of Michigan (P=.03) and Pennsylvania (P=.04).

J Med Internet Res 2022 | vol. 24 | iss. 10 |e39676 | p.857https://www.jmir.org/2022/10/e39676
(page number not for citation purposes)

Li et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Daily proportion of mental health–related tweets before and after lockdown policies.

Table 2. The impact of lockdown policies on public mental health.

P

value

F

statistic

P

valueTime*policyc
P

valuePolicyb
P

valueTimea
P

valueInterceptDateState

.0094.669.030.002.17–0.0214.003–0.0021<.0010.0528March 24,
2020

Michigan

.082.509.080.0017.16–0.0228.04–0.0015<.0010.0461March 30,
2020

North Carolina

.132.078.140.0012.39–0.0117.03–0.0013<.0010.0429March 23,
2020

Ohio

.0463.033.04–0.0012.0070.0288.630.0002<.0010.0254April 1, 2020Pennsylvania

aTime: a continuous variable encoding the number of days in the research period (15 days before and after lockdown).
bPolicy: a binary variable, encoded as 0 before the lockdown policy and 1 after the policy.
cTime*policy: the interaction term of time and policy.

Discussion

Principal Findings
We investigated public mental status for 2 and a half years since
the beginning of the pandemic by analyzing topics of Twitter
discussions, examining potential differences between health
care workers and the general population, and studying the
impacts of statewide lockdown policies. We found that anxiety
and depression problems were frequently mentioned on Twitter
during the study period, and the proportion of insomnia
discussions increased continuously. The content analysis of
mental health–related tweets revealed potential reasons: control
measures, economic collapse, pressure from unemployment,
and so on. Based on Twitter mentions, we found that all 4 mental
health problems studied in this paper (addiction, anxiety,
depression, and insomnia) were significantly more prevalent
among health care workers than the general population. Finally,
lockdown policies had different influences on public mental
health status in different states. Among the 12 states studied,

the negative effect of lockdown policies on public mental health
was significant in Pennsylvania but not the other states.

Comparison to Prior Works
Consistent with research on similar topics, we found that
COVID-19 has severely impacted public mental health and has
dynamic influences on public mental health [30,42]. In addition,
we found that the proportion of anxiety-related tweets increased
to a substantial peak in March 2020 and remained low but stable
for several months. A possible explanation is that the outbreak
of COVID-19 caused various social problems, such as the
shortage of necessities and unemployment, in the initial stage.
These problems raised an intense but temporal public fear. As
the pandemic continued, public concerns fell to normal as the
early-stage issues were mitigated. Another possible explanation
is that public emotional response diminishes as the pandemic
intensifies, which is consistent with findings from Dyer and
Kolic [43]. The remaining 2 peaks of anxiety-related tweets
occurred during the presidential election (November 2020) and
the fuel price surge (September 2021). The proportion of
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insomnia also increased during the study period. This
observation is consistent with Shi et al [44], who reported an
incremental prevalence of insomnia in the follow-up period
(from July 8 to August 8, 2020) than the baseline period (from
February 28 to March 11, 2020).

The topic analysis shows that the public was concerned about
the pandemic, its prevention, and the economic and educational
problems caused by COVID-19. Topics such as “social
distancing,” “test results,” “world pandemic,” “COVID-19
news,” and “economic collapse” were both observed in our
work and previous studies [32,45-49], which only analyzed
tweets during the early stage of the pandemic (mainly from
January to August 2020). Our study found 2 additional topics
through a longer study period: “fuel problems” and “students’
pressure.” These topics correspond to the literature and
observations: students (especially children and adolescents) are
more vulnerable to psychological disorders [50], and fuel prices
frequently fluctuated during COVID-19 [51].

Unlike previous studies that only compare the prevalence of
mental health symptoms between health care workers and the
general population [52], we also analyzed the topics they
focused on. We confirmed that health care workers were more
concerned by all the studied mental problems: anxiety,
depression, insomnia, and addiction. Particularly, higher
proportions of insomnia among health care workers have been
extensively reported in the literature [53-57]. These increased
problems may be attributed to higher risks of infection [15] and
more intense environmental pressure (eg, increased workload,
lack of medical supplies, etc) that they face. Health care
professionals were more focused on discussing the virus and
more interested in sharing news or experiences related to the
pandemic, demonstrating a high level of concern about the
pandemic, which may be associated with an increased rate of
mental disorders.

Lockdown policies had various effects on mental health
discussions across US states. In Pennsylvania, it showed a
positive association with mental health discussions. However,
an opposite association was observed in Michigan, North
Carolina, and Ohio. The literature also suggests geographically
different associations between local lockdown policies and
public mental health. For example, Mittal et al [58] found that
most Twitter users shared positive opinions toward lockdown
policies in related tweets from March 22 to April 6, 2020,
whereas another study focusing on Twitter users in
Massachusetts found increased anxiety expression after the
enforcement of the Massachusetts State of Emergency and US
State of Emergency [59]. Notably, Wang et al [60] found that
public sentiment toward lockdown policies was positive in most
states (such as Michigan, North Carolina, and Pennsylvania)
and negative in only a few states, including Ohio, which also
demonstrates geographic variations of public reactions to
lockdown policies.

Strengths and Limitations
Previous work on the same topic has either not focused on the
subtypes of mental health problems or studied them over short

periods. Our work fills these research gaps by focusing on more
granular types of mental health problems over a more extended
study period. We built a comprehensive pipeline, including
temporal, geographic, and discussion topic analyses;
comparisons of trends and topics of concern between groups;
and the impact of lockdown policies. On top of the analyses,
we released the code and contributed 2 lexicons that can be used
to identify mental health issues and health care professionals
from tweets.

We also acknowledge the following limitations. First, the
evaluation of public mental health on social media is inevitably
biased due to the underlying population distribution of social
media users. For example, older adults and people with low
socioeconomic status may have less access to social media. As
a result, this study may not reflect accurate attributes of such
subpopulations. However, given the sheer number of people on
Twitter, the results of this study are helpful and valuable in
tracking public mental health during the pandemic. Additionally,
future work could consider sampling according to users’ age to
avoid this problem. Second, professional psychologists must
make precise diagnoses of mental health problems following
official heuristics. Therefore, identifying patients using lexicons
based on their tweets can introduce false cases. To validate the
reliability of the lexicon, we had professional psychiatrists curate
the lexicon based on sampled tweets. Third, tweets that contain
keywords do not always reflect the user’s mental health status
as they can instead be comments on the news or from other
people. To reduce this noise, we removed tweets containing
URLs in our preprocessing step, as these tweets were usually
summarizations or quotes of different information sources.

Future Work
The proposed pipeline can be applied to study other public
mental health problems, such as suicidal thoughts, posttraumatic
stress disorder, paranoia, and so on. It can also be applied to
studying characteristics of other cohorts, such as sex minority
groups, college students, etc. Regarding the analyses, more data
sources (eg, surveys and interviews) could be introduced to
validate the conclusions of this research.

Conclusions
This study developed a comprehensive pipeline to use social
media for tracking and analyzing public mental status during a
pandemic. It also contributed 2 lexicons that could be used in
future studies. We found that the impact of COVID-19 and the
corresponding control measures on the public’s mental status
is dynamic and shows variability among different cohorts
regarding disease types, occupations, and regional groups.
Health agencies and policy makers should primarily focus on
depression (reported by 51.3% of the tweets) and insomnia
(which has had an ever-increasing trend since the beginning of
the pandemic), especially among health care workers. Our
approach works efficiently, especially when primary studies
and large-scale surveys are difficult to conduct. It can be
extended to track the mental status of other cohorts (eg, sex
minority groups and adolescents) or during different pandemic
periods.
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Abstract

The recent Supreme Court decision (ie, Dobbs v. Jackson Women’s Health Organization), revoking the constitutional right to
abortion in the United States, has the potential to dramatically disrupt progress in women’s health research. The typical safeguards
to ensure confidentiality and privacy of research participants in studies that collect certain types of personal health information
may not hold against criminal investigations surrounding suspected pregnancy terminations. There are additional risks to participants
in digital health research studies involving the use of wearable devices capable of tracking physiological measures, such as body
temperature and heart rate, as these have shown promise for tracking conception and could be used to identify pregnancy termination
signatures. There are strategies researchers can use to protect the safety of participants in health research who could get pregnant,
while also maintaining integrity of research methods. The objective of this viewpoint is to discuss potential strategies to protect
research participants’privacy that include the minimization of nonessential sensitive personal health information and anonymization
protocols in the event of miscarriage or termination of pregnancy. We invite others to join this discussion so as to not let the
current political landscape impede progress in women’s health and reproductive research, while also protecting research participants.
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Introduction

The US Supreme Court’s decision involving the case Dobbs v.
Jackson Women’s Health Organization (Dobbs v. Jackson
ruling) in June 2022 to overturn Roe v. Wade, thereby
dismissing the constitutional right to abortion [1] led to several
US states taking rapid action to ban, restrict, and criminalize
abortion. This decision will have significant negative impacts
on maternal and child health, their economic welfare, well-being
outcomes, and mortality in the United States, disproportionately
impacting those from disadvantaged populations [2,3]. This

decision will also dramatically disrupt progress in women’s
health and reproductive research.

Numerous policy efforts have been developed to enhance the
inclusion in health research of women and other people who
can get pregnant, especially in light of the historical exclusion
of this group, including many efforts by the National Institutes
of Health [4-8]. The Dobbs v. Jackson ruling dispiritedly impacts
this progress, where participants in health research who can get
pregnant are now at an increased risk of having certain types
of personal health information used against them by some states
or other individuals. Until now, investigators were able to rely
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on maintaining confidentiality of their research participants
through protections granted by federal or state statutes, for
example, through Health Insurance Portability and
Accountability Act (HIPAA) compliance, which applies
restrictions on the use and disclosure of personal health
information. Additional layers of protection could be added
through safeguards, such as a Certificate of Confidentiality, that
are issued pursuant to the 21st Century Cures Act’s amendments
to the Public Health Services Act [9] and allows participants
and investigators to refuse the disclosure of research data in the
event of a federal, state, or local request; however, both HIPAA
and the Certificate of Confidentiality have exclusions that are
not universally applicable in research projects in the United
States. Since the Dobbs v. Jackson ruling, these governance
safeguards have been called into question, suggesting that they
may not be sufficient to protect participants’ confidentiality in
the face of a criminal investigation related to suspicion of
abortion [10-12]. These recent developments have sparked
discussion on additional mechanisms to protect patient privacy,
especially in states that criminalize abortion and more so in
those that work to restrict individuals’ ability to travel out of
state to access abortion clinics. As of August 2022, a total of
12 states had a full ban on abortion (ie, AL, AR, ID, KY, LA,
MS, MO, OK, SD, TN, TX, and WI), and 2 states had a
gestational limit of 6 weeks (GA and OH) [13].

The reversal of abortion rights in the United States demands a
‘morality of caution’ around the collection of personal health
information in health research that includes women and other
people who can get pregnant [14]. The new political landscape
surrounding abortion poses an immediate risk to participants,
particularly those engaged in pregnancy or reproductive
health-related research, but also those engaged in general
biomedical research, where certain types of personal health
information collected could be used to identify pregnancy
termination events (eg, GPS data). This creates a pressing
challenge for health researchers and a need to find solutions
into the future. The objective of this viewpoint is to outline
potential solutions for researchers that offer stronger protection
for participants while maintaining integrity of research methods.

The obvious yet unfortunate solution for participants to
completely reduce their personal risk and inadvertently offer
any information that could be used against them is to not
participate in health research. Further, participants in current
research could request to have their personal health information
deleted, akin to the European Union’s General Data Protection
Regulation “Right to Be Forgotten” [15]; however, this relies
on the participants having adequate knowledge of their risk as
a participant, which is not always transparent, and the
willingness of research institutions to honor such requests. We
urge investigators and participants to consider alternative
approaches so as to not impede progress in women’s health and
reproductive research.

Potential Solutions for Health
Researchers

First, investigators should consider minimizing the information
they collect, particularly sensitive information that could be

used to indicate a miscarriage or pregnancy termination where
this is not essential to meeting the study objectives. In these
cases, researchers can consider discarding certain questions
from existing surveys or questionnaires. If the data are not
collected, they cannot be used to prosecute a participant.
Although effective and able to preserve the data needed to meet
the primary study objectives, this intervention omits data that
could have added value in exploratory post hoc analyses or in
integrated data sets. Therefore, in this approach, the
consequences of censoring the collection of such data that are
integral to health research should not be ignored.

There are two challenges to this aforementioned approach. First,
open science research studies that collect reproductive health
data that run without a data lock that controls access to research
data—that is, data that are hosted in the public domain will be
challenging to safeguard; in these open science environments,
researchers may only be able to protect prospective participants
through the removal of sensitive data fields before uploading
the data. Second, if the information collected involves digital
passive data, the removal of key sensitive fields becomes more
complex. The increasing prevalence of digital health apps that
are intended to provide useful information on the menstrual
cycle and reproductive health, use a variety of smartphone-based
tracking features, and often incorporate wearable devices poses
potential risks to users. These risks are amplified by the
substantial lack of regulation around the use of digital data from
health-tracking apps and wearables [16], as such data are not
subject to HIPAA regulations. Wearable devices capable of
tracking physiological measures, such as body temperature and
heart rate, have shown promise for tracking conception [17-20],
and studies are starting to explore their potential for health
monitoring in pregnancy [21]. These same signals could likely
be used to identify miscarriage or termination signatures in
study participants. This means that even without purposefully
labeling miscarriage or termination events from surveys and
questionnaires or health record data, a participant could still be
at risk that their digital data be used to infer changes in their
reproductive state or access to services. Additional passive data
fields, such as GPS coordinates, activity, phone records, and
many more, could also be used to determine abortion clinic
access.

A second strategy for protecting research participant data from
invasive investigation is for researchers to execute a strict and
preferably automated anonymization protocol on any
participant-level data as soon as a miscarriage or termination
event occurs—that is, immediately deleting all personal
identifiable data relevant to a participant who is no longer
pregnant, including any keys linking study identifiers to personal
identifiable data. In doing so, a substantial barrier between
sensitive information and the participant is created. In light of
the potential risk related to data acquired from wearable devices,
this second alternative may be necessary to maximally protect
participants. The consequence of this solution is that if it is
executed during an active study period, those participants
become untraceable and uncontactable for any follow-up study
activities, resulting in inadvertent loss of other data points and
potential study completion challenges. However, in the context
of a research study where a pregnancy loss is a study end point,
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this consequence is likely to be less impactful. Additional
consideration must be taken into ensuring this approach does
not inadvertently further impose inequitable data deletions that
differ by sex and gender. In using the aforementioned
approaches, ensuring participants are fully informed prior to
their participation and offering a choice is crucial.

Finally, efforts should be enhanced to develop reliable methods
to generate synthetic data and other breakthrough technologies
that preserve the value of the data while obfuscating the real
data. Synthetic data sets are simulated data sets that retain the
structure and statistical distribution of the original data set.
When accurate, these artificially created data sets could be used
in analysis and modeling without revealing the real-world data.
However, outliers and small data sets remain challenging to
simulate in a synthetic data set.

Conclusions

As the reality of the Dobbs v. Jackson ruling sets in, we urge
researchers to be proactive in activating processes and
procedures to enable full engagement of women and others who
can get pregnant in health research studies, while considering
appropriate precautions for their privacy and safety now and in
future studies. Although we have highlighted some solutions
here, there are undoubtedly many other solutions that will
surface as the political landscape continues to evolve. As a
community, we must do everything possible to protect research
participants, while also not impeding progress in reproductive
and women’s health research.

 

Conflicts of Interest
None declared.

References
1. Dobbs v. Jackson Women's Health Organization, 597 U.S. ___ (2022). URL: https://supreme.justia.com/cases/federal/us/

597/19-1392/ [accessed 2022-10-11]
2. Cohen SA. Abortion and Women of Color: The Bigger Picture. 2008. URL: https://www.guttmacher.org/gpr/2008/08/

abortion-and-women-color-bigger-picture [accessed 2022-10-12]
3. Gostin L, Reingold R. Ending the constitutional right to abortion in the United States. BMJ 2022 Aug 01;378:o1897 [FREE

Full text] [doi: 10.1136/bmj.o1897] [Medline: 35914779]
4. Arnegard ME, Whitten LA, Hunter C, Clayton JA. Sex as a biological variable: a 5-year progress report and call to action.

J Womens Health (Larchmt) 2020 Jun;29(6):858-864 [FREE Full text] [doi: 10.1089/jwh.2019.8247] [Medline: 31971851]
5. NIH guidelines on the inclusion of women and minorities as subjects in clinical research. NIH Grants & Funding. URL:

https://grants.nih.gov/policy/inclusion/women-and-minorities/guidelines.htm [accessed 2022-10-11]
6. Amendment: NIH Policy and Guidelines on the Inclusion of Women and Minorities as Subjects in Clinical Research. 2017.

URL: https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-014.html [accessed 2022-10-12]
7. Institute of Medicine (US) Committee on Understanding the Biology of Sex and Gender Differences. In: Wizemann TM,

Pardue ML, editors. Exploring the Biological Contributions to Human Health: Does Sex Matter?. Washington, DC: National
Academics Press (US); 2001.

8. Shafir R, Olson E, Colloca L. The neglect of sex: a call to action for including sex as a biological variable in placebo and
nocebo research. Contemp Clin Trials 2022 May;116:106734. [doi: 10.1016/j.cct.2022.106734] [Medline: 35306216]

9. Wolf L, Beskow L. Certificates of confidentiality: mind the gap. Utah Law Rev 2021;2021(4):937-950 [FREE Full text]
[doi: 10.26054/0d-80m8-7v82] [Medline: 35529681]

10. Boodman E, Bannow T, Herman B, Ross C. HIPAA won't protect you if prosecutors want your reproductive health records.
STAT. 2022. URL: https://www.statnews.com/2022/06/24/
hipaa-wont-protect-you-if-prosecutors-want-your-reproductive-health-records/ [accessed 2022-10-11]

11. HIPAA and reproductive health. US Department of Health and Human Services. URL: https://www.hhs.gov/hipaa/
for-professionals/special-topics/reproductive-health/index.html [accessed 2022-10-11]

12. Cohen K. Location, health, and other sensitive information: FTC committed to fully enforcing the law against illegal use
and sharing of highly sensitive data. Federal Trade Commission. 2022. URL: https://www.ftc.gov/business-guidance/blog/
2022/07/location-health-other-sensitive-information-ftc-committed-fully-enforcing-law-against-illegal-use [accessed
2022-10-12]

13. Tracking the states where abortion is now banned. The New York Times. 2022. URL: https://www.nytimes.com/interactive/
2022/us/abortion-laws-roe-v-wade.html [accessed 2022-10-11]

14. Matheson J. Moral caution and the epistemology of disagreement. J Soc Philos 2016 Jun 07;47(2):120-141 [FREE Full
text] [doi: 10.1111/josp.12145]

15. Everything you need to know about the "Right to be Forgotten". GDPR. URL: https://gdpr.eu/right-to-be-forgotten/ [accessed
2022-10-11]

16. Knox R, Tenenbaum C. Regulating digital health apps needs user-centered reform. STAT. 2021. URL: https://www.
statnews.com/2021/08/03/refor-regulatory-landscape-digital-health-applications/ [accessed 2022-10-11]

J Med Internet Res 2022 | vol. 24 | iss. 10 |e41417 | p.866https://www.jmir.org/2022/10/e41417
(page number not for citation purposes)

Goodday et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://supreme.justia.com/cases/federal/us/597/19-1392/
https://supreme.justia.com/cases/federal/us/597/19-1392/
https://www.guttmacher.org/gpr/2008/08/abortion-and-women-color-bigger-picture
https://www.guttmacher.org/gpr/2008/08/abortion-and-women-color-bigger-picture
https://doi.org/10.1136/bmj.o1897
https://doi.org/10.1136/bmj.o1897
http://dx.doi.org/10.1136/bmj.o1897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35914779&dopt=Abstract
https://europepmc.org/abstract/MED/31971851
http://dx.doi.org/10.1089/jwh.2019.8247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31971851&dopt=Abstract
https://grants.nih.gov/policy/inclusion/women-and-minorities/guidelines.htm
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-014.html
http://dx.doi.org/10.1016/j.cct.2022.106734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35306216&dopt=Abstract
https://europepmc.org/abstract/MED/35529681
http://dx.doi.org/10.26054/0d-80m8-7v82
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35529681&dopt=Abstract
https://www.statnews.com/2022/06/24/hipaa-wont-protect-you-if-prosecutors-want-your-reproductive-health-records/
https://www.statnews.com/2022/06/24/hipaa-wont-protect-you-if-prosecutors-want-your-reproductive-health-records/
https://www.hhs.gov/hipaa/for-professionals/special-topics/reproductive-health/index.html
https://www.hhs.gov/hipaa/for-professionals/special-topics/reproductive-health/index.html
https://www.ftc.gov/business-guidance/blog/2022/07/location-health-other-sensitive-information-ftc-committed-fully-enforcing-law-against-illegal-use
https://www.ftc.gov/business-guidance/blog/2022/07/location-health-other-sensitive-information-ftc-committed-fully-enforcing-law-against-illegal-use
https://www.nytimes.com/interactive/2022/us/abortion-laws-roe-v-wade.html
https://www.nytimes.com/interactive/2022/us/abortion-laws-roe-v-wade.html
https://doi.org/10.1111/josp.12145
https://doi.org/10.1111/josp.12145
http://dx.doi.org/10.1111/josp.12145
https://gdpr.eu/right-to-be-forgotten/
https://www.statnews.com/2021/08/03/refor-regulatory-landscape-digital-health-applications/
https://www.statnews.com/2021/08/03/refor-regulatory-landscape-digital-health-applications/
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Grant A, Smarr B. Feasibility of continuous distal body temperature for passive, early pregnancy detection. PLOS Digit
Health 2022 May 16;1(5):e0000034 [FREE Full text] [doi: 10.1371/journal.pdig.0000034]

18. Smarr BL, Zucker I, Kriegsfeld LJ. Detection of Successful and Unsuccessful Pregnancies in Mice within Hours of Pairing
through Frequency Analysis of High Temporal Resolution Core Body Temperature Data. PLoS One 2016;11(7):e0160127
[FREE Full text] [doi: 10.1371/journal.pone.0160127] [Medline: 27467519]

19. Grant AD, Newman M, Kriesgfeld LJ. Ultradian rhythms in heart rate variability and distal body temperature anticipate
onset of the luteinizing hormone surge. Sci Rep 2020;10(1):20378. [doi: 10.1038/s41598-020-76236-6] [Medline: 33230235]

20. Maijala A, Kinnunen H, Koskimäki H, Jämsä T, Kangas M. Nocturnal finger skin temperature in menstrual cycle tracking:
ambulatory pilot study using a wearable Oura ring. BMC Womens Health 29;19 (1). pmid 2019:a.

21. Goodday SM, Karlin E, Brooks A, Chapman C, Karlin DR, Foschini L, et al. Better Understanding of the Metamorphosis
of Pregnancy (BUMP): protocol for a digital feasibility study in women from preconception to postpartum. NPJ Digit Med
2022 Mar 30;5(1):40. [doi: 10.1038/s41746-022-00579-9] [Medline: 35354895]

Abbreviations
HIPAA: Health Insurance Portability and Accountability Act

Edited by G Eysenbach, T Leung, R Kukafka; submitted 25.07.22; peer-reviewed by L Dodge, K Vallury, Z Zandesh, J Wagner, J
Wilbanks, N Cobb; comments to author 30.08.22; revised version received 08.09.22; accepted 07.10.22; published 20.10.22.

Please cite as:
Goodday S, Karlin D, Suver C, Friend S
The Post-Roe Political Landscape Demands a Morality of Caution for Women’s Health
J Med Internet Res 2022;24(10):e41417
URL: https://www.jmir.org/2022/10/e41417 
doi:10.2196/41417
PMID:36264611

©Sarah Goodday, Daniel Karlin, Christine Suver, Stephen Friend. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 20.10.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 10 |e41417 | p.867https://www.jmir.org/2022/10/e41417
(page number not for citation purposes)

Goodday et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://doi.org/10.1371/journal.pdig.0000034
http://dx.doi.org/10.1371/journal.pdig.0000034
https://dx.plos.org/10.1371/journal.pone.0160127
http://dx.doi.org/10.1371/journal.pone.0160127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27467519&dopt=Abstract
http://dx.doi.org/10.1038/s41598-020-76236-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33230235&dopt=Abstract
http://dx.doi.org/10.1038/s41746-022-00579-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35354895&dopt=Abstract
https://www.jmir.org/2022/10/e41417
http://dx.doi.org/10.2196/41417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36264611&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Publisher:
JMIR Publications
130 Queens Quay East.
Toronto, ON, M5A 3Y5
Phone: (+1) 416-583-2040
Email: support@jmir.org

https://www.jmirpublications.com/

XSL•FO
RenderX

mailto:support@jmir.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

