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Abstract

Background: Sickle cell diseaseis an inherited blood disorder that affects over 100,000 Americans. Sickle cell disease—related
complications lead to significant morbidity and early death. Evidence supporting the feasibility, acceptability, and efficacy of
self-management electronic health (eHealth) interventions in chronic diseases is growing; however, the evidence is unclear in
sickle cell disease.

Objective: We systematically evaluated the most recent evidence in the literature to (1) review the different types of technological
tools used for self-management of sickle cell disease, (2) discover and describe what self-management activities these toolswere
used for, and (3) assess the efficacy of these technologiesin self-management.

Methods: Wereviewed literature published between 1995 and 2016 with no language limits. We searched MEDLINE, EMBASE,
CINAHL, PsycINFO, and other sources. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. Two independent reviewers screened titles and abstracts, assessed full-text articles, and extracted data from articles
that met inclusion criteria. Eligible studies were original research articles that included texting, mobile phone—based apps, or
other eHealth interventions designed to improve self-management in pediatric and adult patients with sickle cell disease.

Results: Of 1680 citations, 16 articles met all predefined criteriawith atotal of 747 study participants. Interventions were text
messaging (4/16, 25%), native mobile apps (3/16, 19%), Web-based apps (5/16, 31%), mobile directly observed therapy (2/16,
13%), internet-delivered cognitive behavioral therapy (2/16, 13%), electronic pill bottle (1/16, 6%), or interactive gamification
(2/16, 13%). Interventions targeted monitoring or improvement of medication adherence (5/16, 31%); self-management, pain
reporting, and symptom reporting (7/16, 44%); stress, coping, sleep, and daily activities reporting (4/16, 25%); cognitive training
for memory (1/16, 6%); sickle cell disease and reproductive health knowledge (5/16, 31%); cognitive behavioral therapy (2/16,
13%); and guided relaxation interventions (1/16, 6%). Most studies (11/16, 69%) included older children or adolescents (mean
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or median age 10-17 years; 11/16, 69%) and 5 included young adults (=18 years old) (5/16, 31%). Sample size ranged from 11
to 236, with a median of 21 per study: <20 in 6 (38%), =20 to <50 in 6 (38%), and >50 participants in 4 studies (25%). Most
reported improvement in self-management—related outcomes (15/16, 94%), as well as high satisfaction and acceptability of
different study interventions (10/16, 63%).

Conclusions: Our systematic review identified eHealth interventions measuring avariety of outcomes, which showed improvement
in multiple components of self-management of sickle cell disease. Despite the promising feasibility and acceptability of eHealth
interventions in improving self-management of sickle cell disease, the evidence overal is modest. Future eHealth intervention
studies are needed to evaluate their efficacy, effectiveness, and cost effectiveness in promoting self-management in patients with

sickle cell disease using rigorous methods and theoretical frameworks with clearly defined clinical outcomes.

(J Med Internet Res 2018;20(7):€10940) doi:10.2196/10940

KEYWORDS
sickle cell; self-management; eHealth; mHealth; interventions;

Introduction

Background

Sickle cell disease (SCD) is an inherited blood disorder that
affects more than 5 million individuals worldwide, and about
250,000 babieswith SCD are born every year, mainly in Africa
[1]. SCD &ffects over 100,000 Americans, mainly African
Americans, many of whom are of lower socioeconomic status
[2-5]. Advancements in treatment over the past few decades
have changed the course of SCD from a condition of childhood
to achronic disease of adulthood [6]. Individualswith SCD are
subject to acute and chronic complications, including
vaso-occlusive pain crisis, acute chest syndrome, stroke,
cognitive dysfunction, and end-organ damage to the liver,
spleen, and kidneys, substantially reducing health-rel ated quality
of life and leading to early death [7,8]. Management of these
SCD complications has a significant impact on health care
utilization in the United States, with over 230,000 emergency
room visits per year with an annual health expenditures of US
$1.5 billion [9,10].

As part of the chronic care model [11], creating the informed,
activated patient, along with the proactive care team, can lead
to better health outcomes. One essential component of the
informed, activated patient is the concept of self-management.
Self-management has been referred to asthe individual’ s ability
to manage the symptoms, treatment, physical and psychological
consequences, and lifestyle changes inherent in living with a
chronic condition [12]. SCD patients with more
self-management skills can better manage their illness and
potentially improve their health outcomes. Self-management
skills are key for SCD patients as they encounter challenges
related to managing their illness, such as pain management,
adequate hydration, balanced nutrition, clinic attendance, and
adherence to medication regimens, especiadly after they
transition from pediatric to adult care settings. In particular,
medication adherence is an important component of
self-management. SCD patients with more reported adherence
barriers and negative perceptions of hydroxyurea or SCD
reported lower adherence rates and worse health-related quality
of life scores [13-15]. In addition, many SCD patients were
interested in having mobile apps with up-to-date clinical care
guidelines that can improve understanding of the importance
of self-management [ 16] and appswith featuresto improvetheir

http://www.jmir.org/2018/7/€10940/
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disease self-management [17]. Different techniques have been
used to foster greater self-management and involve
nontechnological solutions (eg, face-to-face or paper-based
interventions). Over the last two decades, however,
technological solutions, especially using theinternet and mobile
phones, to improve self-management have gained momentum
with the wide access to mobile devices. These solutions,
particularly el ectronic health (eHealth) interventions, potentialy
provide the benefit of greater acceptance and dissemination.
eHealth has been defined as “an emerging field in the
intersection of medical informatics, public health and business,
referring to health services and information delivered or
enhanced through the internet and related technologies’ [18].

Accessto personal technology is ubiquitous, and technological
solutions are becoming apart of theway health careisddivered.
People are more frequently using technology for their health
[19,20], and there are government mandates, including
meaningful use in the United States [21], that require health
care providers to use technology in the care of their patients.
Moreover, enhanced patient activation, as well as engagement
in medical care and shared decision making, has been associated
with improved health outcomes [22-24]. eHealth interventions
have been shown to improve patient activation and engagement
[25-29], making them apossible solution to improve outcomes.
In addition, individuals with SCD and their families want to
usetechnologiesfor their heath [17,30,31]. While some eHedlth
technological interventionsare being created and tested in SCD,
these interventions have not been sufficiently evaluated in the
few existing studies. Furthermore, a discussion about what
interventions exist, how efficacious they are, and how they are
being used to improve disease self-management is missing in
this population.

In other chronic diseases, such as diabetes and asthma, a
growing body of evidence has described improvements in
self-care through the use of technological interventions[32-34].
Additionally, recent systematic reviews showed promising data
to support the overall feasibility, acceptability, and efficacy of
mobile interventions in improving health outcomes [35-40],
although cost effectiveness remains unclear [41]. However, to
the best of our knowledge, there has not been a systematic
review of technological interventions used to improve
self-management in the care of SCD. Further, evidence is
growing to support the benefits of using mobile interventions
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to improve self-management in patients with chronic health
conditionsliving in low- and middle-income countries[42-49].
Given the broad access to personal technology, as well as the
high prevalence of SCD in many African countries, developing
and implementing evidence-based mobile interventions could
provide an opportunity to improve self-management skills and
health outcomes in this population.

Objectives

To understand how eHealth technol ogy has been used toincrease
self-management of SCD and to guide future research, we
performed a systematic review of the literature with the
following objectives: (1) to review the different types of
technological tools used for self-management of SCD, (2) to
discover and describe what self-management activities these
tools were used for, and (3) to assess the efficacy of these
technologies in self-management. We conclude with gaps that
will need to be addressed in future research.

Methods

Literature Search

This systematic review covered literature published between
1995 and 2016 with no language limits. The search strategy
looked for all articles on texting, phones, maobile phone apps,
portable software, and other eHealth interventions combined
with sickle cell search terms. Weintentionally used the Boolean
operator OR instead of AND to capture the most comprehensive
set of articles possible to which we applied our eligibility
criteria. In brief, a medical librarian conducted the literature
search in the following sources from inception to August 30,
2016: MEDLINE (through PubMed), EMBASE, Web of
Science, Cochrane Centra Register of Controlled Trials,
CINAHL, PsycINFO, Engineering  Village, and
Clinical Trials.gov databases. After theinitial search, theresults
of the search were limited to articles published from 1995 to
the date of the search on November 22, 2016. Our search
strategy began with the MEDLINE search and was translated
to the appropriate syntax for each of the other databases. In
addition, we hand searched related themes. Multimedia
Appendix 1 shows the detailed search strategies. We followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines in the reporting of
evidence across the studies reviewed herein (Multimedia
Appendix 2) [50]. Two independent reviewers (SMB and RMC)
assessed abstracts and articles against the eligibility criteriaand
critically apprai sed the methodol ogical quality using established
criteria from the Centre for Evidence-based Medicine [51].
Disagreementswere resolved by discussion or consultation with
acolleague, if needed.

Eligibility Criteria

Eligible studies were origina research articles reporting
randomized controlled trials (RCTS), quasi-experimental studies,
or pilot pre-post studies of texting, mobile phone—based apps,
or other eHedth interventions designed to improve
self-management in pediatric and adult patients with SCD. To
beincluded in this review, the studies had to report at least one
primary or secondary outcome related to self-management
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behavior, such as medication adherence, pain management, or
education. We excluded studies focused on physicians or
providers, or other aspects of SCD care other than
self-management.

Data Synthesis

We used a standardized form for data extraction. Dataitemsin
the extraction form were the following: first author’s name;
publication year; country; aim of the study; participants’ age
and sex; study design and setting; samplesize; selection criteria;
duration of intervention and follow-up; retention rate;
components of the study intervention (texting, mobile phone
apps, or other eHealth interventions) and comparator (if
applicable); self-management measures and outcomes; other
related outcome; and theoretical framework.

Results

Literature Search

We retrieved atotal of 1680 citations: 1612 identified through
searching different databases and 68 through other resources.
After we removed duplicates, 1349 original articles remained
(Figure 1). Two authors (SMB and RMC) independently
screened the article titles and abstracts of the 1349 records
against theinclusion criteria, and atotal of 59 met all predefined
inclusion criteria. The same 2 authors (SMB and RMC) then
independently reviewed the full text of these articles in detail
against the exclusion criteria and excluded 43 articles. Finally,
16 articles met all predefined criteria to be included in this
review with atotal of 747 study participants [52-67]. We did
not identify any non-English articles that met our inclusion
criteria. Figure 1 shows the study PRISMA flowchart and
documents the reasons for exclusion of full-text articles.

Description of Included Studies

Multimedia Appendix 3 [52-67] summarizes the studies
characteristics. The ams of the interventions were (1)
monitoring or improvement, or both, of medication adherence,
including hydroxyurea [53,54,58,63], iron chelation [61], or
asthma medications [63]; (2) self-management [52,59,60,62,
64,66]; (3) pain and symptom reporting [52,55,59,60,62,64];
(4) stress, coping, sleep, and daily activities reporting
[55,59,62,64]; (5) cognitive training for memory [57]; (6)
disease education to improve SCD and [56,61,65-67]
reproductive health knowledge [56,65]; and (7) cognitive
behavioral therapy [62,64] and guided relaxation interventions
[55]. All studies were performed in the United States [52-67].
Enrollment was mainly from clinics [52-58,60-66], as well as
inpatients [67], the public [65], online networks [65], home
[56,65], or community-based organizations [56,59,65]. All
studieswere conducted in the outpatient setting [52-66], except
for 1 study conducted in theinpatient setting [67]. Most studies
included older children or adolescents (mean or median age
10-17 years) [52-54,57-59,61,62,64,66,67], 5 studies included
young adults (=18 years old) [55,56,60,63,65], and 2 studies
allowed parents to participate [54,58]. None of the included
studies involved potential users, patients, or parents in the
development of the intervention before it was tested.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Anayses (PRISMA) flow diagram.
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Sample size ranged from 11 to 236, with a median of 21 per
study; 6 enrolled fewer than 20 participants [53,57,58,60-62],
6 had 20 to 50 participants [52,55,56,63,64,66], and 4 enrolled
more than 50 participants [54,59,65,67].

Description of Study M ethodologies

Study design varied in the included studies. 7 were pre-post
pilot or feasihility trials [53,56-58,60,61,66], 5 were RCTs
[55,62-65], 2 were single-arm observational studies [52,59], 1
was a quasi-experimental study [67], and 1 was aretrospective
study [54]. Of the RCTs, 3 were nonblinded [62-64], 1 was
single-blinded (participants) [65], and 1 was double-blinded
[55]. Details of allocation conceal ment and study blinding were
not adequately reported. None of the RCTs used
intention-to-treat analysis. Retention rates differed across
studies: less than 80% in 4 studies [52,60,64,67], from 80% to
less than 100% in 6 studies [55,58,61-63,65], 100% in 1 study
[53], and not reported in 5 studies[54,56,59,66,67]. The duration
of theintervention ranged from 3 daysto 12 months asfollows:
3 months or less [55-57,60,62,63,67], more than 3 to 6 months
or less[53,58,59,61,64], or morethan 6 up to 12 months[52,54].
A total of 3 studies implemented a reward system to enhance
participant engagement during the study intervention [52,53,67],
and 1 study assessed the sustainability of theintervention effects
with 3-month follow-up after the completion of the active
intervention [61]. Additionally, 6 studies were informed by a
clear theoretical framework for their intervention effects, as
follows: health belief model [63]; theory-based game design
[66]; gate control theory [55]; transactional stress model [67];
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coping theoretical model [67]; theory of reasoned action [56,65];
and Kolb experiential learning theory [56,65].

Description of eHealth Interventions

Interventions included text messaging [52-54,59,63], native
mobile apps [57,60,61], Web-based apps [52,55,56,59,65],
mobile directly observed therapy [53,61], internet-delivered
cognitive behavioral therapy [62,64], electronic pill bottle [58],
or interactive gamification [66,67]. A total of 4 studiesindicated
regular or mobile phone ownership or access as a requirement
for study participation [52-54,63], while loaner phones
[59,62,64], loaner tablets [55-57,65], or both [60,61] were
available in other studies. Multimedia Appendix 4 [52-67]
summarizesthe variousintervention componentsfor all included
studies.

I ntervention Effects on Outcomes

Study outcomes varied across studies, including medication
adherence [53,54,58,61,63], disease knowledge [56,61,65-67],
reproductive health knowledge [56,65], pain or symptom
reporting completion rates [52,55,59,60,62,64], hedth care
utilization [54,59], total opioid use[55], self-management skills
[52,59,62,64,66], and coping and social support [67]. Almost
al studies (15/16, 94%) reported improvement in
self-management outcomes [52-57,59-67]. Most (10/16, 63%)
reported high satisfaction and acceptability of different study
interventions[52,53,55,56,59-62,65,67], while 6 studies did not
report on these outcomes. Table 1 summarizes the main
outcomes for al included studies.
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Table 1. Summary of the main outcomes for all included studies with eHealth interventions.

Study

Main outcome

Jonassaint, 2015 [60]

Hardy, 2016 [57]

Leonard, 2017 [61]

Creary, 2014 [53]

Estepp, 2014 [54]

Pernell, 2017 [63]

Inoue, 2016 [58]

McClellan, 2009 [62]

Schatz, 2015 [64]

Ezenwa, 2016 [55]

Bakshi, 2017 [52]

Jacob, 2013 [59]

Gallo, 2014 [56]

Wilkie, 2013 [65]

Hazzard, 2002 [67]

Yoon, 2007 [66]

High correl ation between paper and electronic (SMART® app) pain measurements; high association between pain severity
and pain intensity using SMART app; daily entries using SMART app entries: 86% in week 1 and 58% in week 4; higher
rates of daily entries with iPads and patients >35 years old; high usability and acceptability as atool to monitor daily pain
and other symptoms.

Average number of completed sessions was 15.83 (SD 7.73); participants with higher completion rates were female and had
lower pain scores; participants who completed scheduled intervention (Cogmed) sessions had improved verbal working
memory, as well as visuospatial short-term and working memories.

Participantstracked their medication usage about 80% at 30- and 90-day follow-up; high disease knowledge retention; adherence
toiron chelation improved at 6-month follow-up as measured by serum ferritin levels and medication possession ratio; high
satisfaction and acceptability as atool to monitor medication adherence.

Adherence to hydroxyureaimproved at 6-month follow-up as measured by fetal hemoglobin, mean corpuscular volume, and
medication possession ratio; high satisfaction with el ectronic directly observed therapy (e-DOT) asatool to monitor medication
adherence; e-DOT needed 5 minutes or less to complete every day.

Adherence to hydroxyureaimproved as measured by laboratory markers (hemoglobin, fetal hemoglobin, mean corpuscular
volume, absolute reticul ocyte counts bilirubin levels); adherence to hydroxyureaimproved as measured by medication pos-
session ratio; no noticeable change in the number of hospitalizations or emergency room visits.

Response rate to daily messages varied and was overall <50%; medication adherence self-report improved in the intervention
group, but not in controls; asthma control test scores improved in the intervention group in adults, but not children.

Hydroxyurea adherence rates were 85% as measured by either the electronic pill bottle GlowCap or medication possession
ratio; laboratory markers of hydroxyurea adherence varied; afew technical challenges were also reported.

Participants practiced I-CBTP coping skillswith different frequencies; self-report practice rates were higher in older and male
participants; high satisfaction as atool for pain, sleep, coping, and daily activities reporting.

Number of active psychological coping attempts increased with the intervention; reduction in pain scores when participants
used |-CBT skillsthe day before for higher pain; no association between participants' skill use and functional activity.

Intervention participants had significant reduction in current pain and stress levels; intervention participants had significant
reduction in 2-week pain, but not stress intensity; no differencesin total opioid use; high satisfaction with the tabl et-based
guided relaxation intervention to reduce pain.

Pain was reported most of the study days (76%); 50th and 90th percentiles of maximum daily pain directly correlated posi-
tively with mean maximum daily pain; proportion of pain-free days inversely correlated with mean maximum daily pain;
highest pain diary completion rates were in first 30 days, which decreased over time; high satisfaction with momentary pain
reporting and communication with medical team.

Many children and adol escents reported mild to severe pain at home that did not require further evaluation by a health care
professional; reported symptoms varied, including tiredness/fatigue, headache, yellowing of the eyes, and respiratory and
musculoskeletal symptoms; higher pain scores were associated with shorter sleep duration and lower sleep quality; having
previous history of SCDC-related events, symptoms, and negative thoughts was associated with reporting more frequent and
higher-intensity pain; no differences in health care utilization (eg, emergency room visits or hospitalizations); high usability
and acceptability as atool to monitor daily pain and other symptoms.

Intervention participants reported increased disease and reproductive knowledge scores; high acceptability of the CHOICES
intervention; participants provided constructive feedback (eg, content, visualization, animation).

Intervention participants reported increased disease and reproductive knowledge scores; intervention participants were more
likely to report a parenting plan to avoid SCD or SCD and sickle cell trait; there was an intervention effect on participants
parenting intention and planned behavior.

Participants’ knowledge about SCD and asthma increased; participants reported more positive perceptions of peer support
and |ess negative coping.

Participants SCD knowledge and confidence levels increased significantly.

3SMART: Sickle cell disease Mobile Application to Record symptoms via Technology.
b1-.CBT: internet-delivered cognitive behavioral therapy.
¢SCD: sickle cell disease.

Discussion

hypertension [46], aswell as SCD. Despite systematic reviews
describing eHealth use in other chronic diseases, to our

Principal Findings
eHealth is increasingly being used for self-management of a

knowledge, this is the first systematic review of eHealth for
self-management of SCD. Our review demonstrates a range of
eHealth interventions measuring a variety of outcomes, which

variety of chronic diseases, including asthma, diabetes, and
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showed improvement in multiple components of
self-management of SCD. We also showed that few eHealth
studies in SCD used rigorous methods, were grounded in
theoretical frameworks, or measured clinical outcomes. This
review describes the promise of eHealth to improve the care of
individuals with SCD; however, many areas of future research
can help demonstrate the usefulness of eHealth in this
popul ation.

Most studieswerein children and adolescentswith SCD. Many
of these studies focused on adherence to medications such as
hydroxyureaor iron chelation. Other systematic reviewslooked
at medication adherence using eHealth [68-73], with 1 of them
looking specifically at the adolescent population [39]. Most of
the studiesin pediatric SCD had small sample sizes, and 1 was
an RCT. These studies confirmed improvement in medication
adherence in the participants receiving eHealth interventions.
Thereissignificant promisefor improving medication adherence
using eHealth in SCD, but larger, more methodologically
rigorous studies demonstrating an improved effect are needed.
Most of the other studies in our review focused on pain
management and coping strategies in children. These studies
also demonstrated good adherenceto pain diariesand improved
coping. One systematic review looked at the use of eHealth in
pain [74], but the studies in this review were primarily in
middle-aged participants. Another review described that studies
in eHealth for pain in children are lacking [75]. The studiesin
this review exhibited the potential for eHealth interventions to
improve self-management of pain in children with painful
chronic diseases. Further, in our review, only 2 studies allowed
caregiversto participate. Caregivers are an essential component
of the care of the child, and more studies are needed to evaluate
the use of eHealth in the parent-and-child dynamic to better
understand optimal use of eHealth for both parts of thisdynamic.

Intervention design did not vary according to patient
characteristics, such as age, educational level, or other
SCD-specific factors, which would be important for future
intervention studies to consider as a strategy to optimize
behavior change and long-term engagement. Additionally, 1
study was conducted in an inpatient setting, where management
is more controlled by the health care system, whereas the goal
of self-management interventions is to engage and empower
patientsin the outpatient setting with their day-to-day activities.
In the outpatient setting, the health care system hasless contral,
and the patient has more responsibility for disease management.
More research is needed to evaluate the value of starting
behavior change in the inpatient setting that could help to
maintain intervention effects in the outpatient setting.

Relatively few studies evaluated eHealth in adults with SCD.
Thisisin contrast to the number of systematic reviews of the
use of eHealth in adults with other chronic diseases[33,46,76].
Most of the studies in adults with SCD focused on pain or
knowledge about reproductive health in this age range, with
only 1 study focused on medication adherence. However, the
overal number of studies was fewer, and they were less
concentrated on medication adherence, than the studiesfocused
on eHealth usein children with SCD. More studies are needed
in adults with SCD to demonstrate improvement in other
components of care, including medication adherence for other

http://www.jmir.org/2018/7/€10940/
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medications, coping strategies, and clinic appointment
adherence. Interestingly, half of the studies in this group were
RCTSs, which was more than those conducted in children and
adolescents.

Studiesin other chronic diseases measured outcomes unexplored
in SCD. Multiple systematic reviews of eHealthin other chronic
diseases saw improvements in clinical outcomes such as
glycemic, blood pressure, and lipid level control [46,77]. None
of the studies in our review evaluated the effect of eHealth
interventions on outcomes for SCD, such as episodes of acute
chest syndrome, strokes, or vaso-occlusive episodes of pain
requiring emergency room visits or hospitalizations. Some of
the pain studies in our review evaluated days and severity of
pain, but these studies did not measure those pain episodes that
resulted in health care utilization. Other reviews demonstrated
improvement in clinic appointment adherence with eHealth
interventions[76]. While there were preliminary studiesin SCD
describing an eHealth app to help with clinic appointments[ 78],
there were no formal evaluation studies to demonstrate
improvement in clinic attendance. Other studies looked at
improving patient activation using eHealth in other diseases
[79]; Ridling and colleagues’ review was primarily about patient
portalsthat improve activation. Our review did not identify any
studies that demonstrated improvement in patient activation in
SCD, and we found no studies of patient portals as the eHealth
intervention. Expanding the range of outcomes measured in the
use of eHealth for self-management of SCD is a potential area
for future research.

While we included articles that reported RCTs,
quasi-experimental studies, or pilot pre-post studies, many
preliminary studies and clinical trials are underway to develop
and eval uate the next set of eHealth tools. These studiesinclude
preliminary needs assessments [17,80-83], processes for
development of a tool [83,84], prototypes [84-87], pilot
feasibility studies [31,83,88,89], and ongoing clinical trias
[90,91] for eHealth interventions. A reason there may be fewer
interventions published about SCD could be related to health
information technology disparities with other diseases such as
cystic fibrosis [92]. There is promise that mobile health
technologies can help bridge this digital divide. With the
increased uptake of mobile technology use and the number of
preliminary studies in SCD, this is a prime area for future
research. In addition, many studies have discussed improvement
in self-management using eHealth in low- and middle-income
countries [42-49]. While our review of the literature saw a
paucity of studies from these countries, there is significant
potential for eHealth to improve self-management of SCD in
Africa, where the burden of SCD is much greater than in
higher-income countries and the improvement in
self-management with eHealth has been demonstrated [42-49].
Despitethe promise of bridging the digital divide, lack of access
to the mobile data plansrequired to deliver eHealth interventions
could be a potential barrier to the wide dissemination of such
interventionsin middle- and |ow-income countries.

Degspite the potential of eHealth to improve self-management
of SCD, the SCD community and their health care providers
need to exercise caution when using eHealth interventions.
Many eHealth apps are available in online stores, but their
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evaluation is lacking. As seen in a systematic review of pain
apps, little research of the many apps available has been
published [93]. Most apps have not been studied and are not
regulated by governmental bodies. Use of these apps can come
with significant risk to the accuracy of information delivered,
as well as data privacy and security risks. The accuracy of the
information included in different health apps is another major
risk for users, and the associated costs with purchasing these
apps could be aburden for many patients and a potential barrier
to uptake. Evaluation of eHealth interventions asthey are made
available will be crucial in aiding providers and patients to
choose eHesalth tool sthat will be safe and effectiveinimproving
the care of people with chronic diseases.

Strengths and Limitations

Our systematic review has a number of strengths. First, in our
review, we followed the recommendations for rigorous
systematic review methodology [50,51,94-96]. Second, we
conducted a review with a highly sensitive search strategy,
guided by a medical information specialist, with no language
restrictions so as to minimize publication bias and identify the
largest possible number of relevant studies. Our search aso
included published systematic reviews, clinical tria registries,
and various electronic databases. Third, although our search
was limited to studies published since 1995, we identified no
eligible studies before 2005, and therefore we believe that the
possibility of missing earlier studies is very small. Fourth, 2
authors completed the review processindependently at all stages
of the systematic review.

Some potential methodological limitations of our systematic
review warrant discussion. First, similar to any other systematic
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literature review, although we planned our search criteriato be
as comprehensive as possible, the possibility of missing a few
relevant articles cannot be excluded. Second, to identify the
strongest available evidence, we included articles that were
published in peer-reviewed journals, and therefore there could
be a publication bias with the tendency to report positive study
results [97]. Third, the study sample sizes and ages, and the
definition of adherenceto preventive behaviorsand other related
outcomes varied. These limitations prohibited a meta-analysis
from being performed [98]. Fourth, some of theincluded studies
had relatively small sample sizes.

Conclusions

Our systematic review is, to the best of our knowledge, thefirst
to evaluate eHealth for self-management in pediatric and adult
patients with SCD. We identified several eHealth interventions
measuring a variety of outcomes, which showed improvement
in multiple components of self-management of SCD. Despite
the promising feasibility and acceptability of eHeath
interventions in improving self-management of SCD, the
evidence overall ismodest. However, with theincreased access
to mobile technol ogy, eHealth interventions have great potential
to improve health outcomes in patients with SCD, as well as
other chronic diseases. Future eHealth intervention studies are
needed to evaluate their efficacy, effectiveness, and cost
effectiveness in promoting self-management in patients with
SCD using rigorous methods and theoretical frameworks with
clearly defined clinical outcomes. This review describes the
promise of eHealth to improve self-management in individuals
with SCD; however, there are many areas of future research
that can help demonstrate their usefulness in this population.
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Abstract

In February 2018, the Government of India announced a massive public health insurance scheme extending coverage to 500
million citizens, in effect making it the world’s largest insurance program. To meet this target, the government will rely on
technology to effectively scale services, monitor quality, and ensure accountability. While India has seen great strides in
informational technology development and outsourcing, cellular phone penetration, cloud computing, and financial technology,
the digital health ecosystem isin its nascent stages and has been waiting for a catalyst to seed the system. This National Health
Protection Scheme is expected to provide just this impetus for widespread adoption. However, health datain India are mostly
not digitized. In the few instances that they are, the data are not standardized, not interoperable, and not readily accessible to
clinicians, researchers, or policymakers. While such barriersto easy health information exchange are hardly unique to India, the
greenfield nature of India’sdigital health infrastructure presents an excellent opportunity to avoid the pitfalls of complex, restrictive,
digita heath systems that have evolved elsewhere. We propose here a federated, patient-centric, application programming
interface (API)—enabled health information ecosystem that leverages India’s near-universal mobile phone penetration, universal
availability of unique ID systems, and evolving privacy and data protection laws. It builds on global best practices and promotes
the adoption of human-centered design principles, data minimization, and open standard APIs. The recommendations are the
result of 18 months of deliberations with multiple stakeholdersin Indiaand the United States, including from academia, industry,
and government.
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Introduction

Background

India’'s population of over 1.3 hillion is served by over 2.5
million health care workers of varying qualifications. The vast
majority of clinical interactions are not digitized. In the few
instances that they are, the data are not standardized, not
interoperable, and not readily accessible to clinicians,
researchers, or policy makers[1]. While barriersto easy health
information exchange (HIE) are hardly unique to India, the
greenfield nature of India’sdigital health infrastructure presents
an excellent opportunity to avoid the pitfalls of complex,
restrictive, digital health systems that have evolved elsewhere.

In February 2018, the Government of | ndiaannounced amassive
public health insurance program under the National Health
Protection Scheme (NHPS), offering Indian Rs 500,000
(approximately US $ 7,600) in annual coverage to 100 million
households, or nearly 500 million citizens[2]. To meet thisbold
target, the government will rely on technology to effectively
scal e services, monitor quality, and ensure accountability. While
India has seen great strides in informational technology
development and outsourcing, mobile phone penetration, cloud
computing, and financial technology, the digita health
ecosystem is in its nascent stages and has been waiting for a
catalyst to seed the system. The NHPS is expected to provide
just thisimpetus for widespread adoption.

We propose here a federated, patient-centric, application
programming interface (APl)-enabled health information
ecosystem that leverages India's near-universal mobile phone
penetration, universal availability of unique identification (1D)
systems, and evolving privacy and data protection laws. The
arguments laid out here are the result of an extended set of
deliberations that began at an interdisciplinary seminar held at
Harvard in September 2016 and have since resulted in potential
pathways for prototype development in India.

The State of Health Data Exchange

Electronic Health Records (EHRS) have traditionally been closed
systems, sometimesincapable of sharing access across platforms
within the same institution, and almost never across vendors at
independent ingtitutions. While more systems now allow patients
access to their health-related data, few EHRs give patients
control over how their data will move across institutions or be
shared between providers. Despite significant legidlation, alarge
portion of health data collected today remainsinaccessible due
to legitimate concerns over confidentiality and privacy,
risk-averse hospital policies, prohibitive costs associated with
change, and inertia[3].

While health data have been typically associated with
information captured in EHRS, there is growing recognition that
data are generated at multiple nodes along the delivery system.
For example, at the pharmacist, at the stand-alone imaging
facility, at the laboratory, at the general practitioner’s office, at
the hospital, at the insurance company, and now, even on one's

http://www.jmir.org/2018/7/€10725/
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wrist [4]. However, the lack of standardization among data
storage systems makes it virtually impossible to combine and
collate data from multiple sources, resulting in duplication,
redundancy, wastage, and delays[5].

The concept of a personal health record (PHR) has long been
floated as one potential solution to digointed health care data
[4,6,7]. A PHR relies on a patient-controlled repository where
data may be accessed from multiple nodes within the system.
Standalone PHRs mostly rely on the patient’s drive and ability
to input data [8,9]. Tethered (ie, connected) PHRs are
patient-accessible components of electronic medical records
linked to an ingtitution or health system [8,9]. Still, there are
drawbacks. PHRs seldom allow direct input from or access to
entities outside the network. Neither PHR model allowsfor the
development of third-party applications (app) on the patient’s
health data repository. Although there is interest from the
consumer, widespread adoption of both has been hindered by
concerns about data ownership, interoperability, security, and
scalability [10-12]. The Ministry of Health and Family Welfare
(MoHFW) in India has demonstrated an interest in developing
aPHR-based system [13].

In recent years, additional individual and population health data
have been generated by wellness gadgets (eg, Fitbit), Web-based
diagnostic devices (eg, AliveCor), patient-facing apps (eg,
Stanford Healthcare), provider-facing apps (eg, Practo), or
researcher-facing apps (like Apple’'s Research Kit). These new
apps and gadgets create additional silos of health data. In fact,
of the 260,000 mHeal th appsthat existed on thelast count, 90%
were free—their financial viability predicated on their ability
to monetize the datathey collect [14]. Inthe United States (US),

the 21% Century Cures Act (2016), mandated that “certified”
health information technology (IT) products have APIs that
allow health information to be accessed, exchanged, and used
“without specia effort.” Standardization was not mandated,
making interoperability difficult to implement [15]. In India,
while the mHealth industry is booming and expected to grow
exponentially, there are no legal provisions to regulate access
to persona health datathat flow in and out of these devicesand
apps, and sometimes across international borders [16].

The call for data integration, universa compatibility, and
portability has come from many quarters. There is no shortage
of standards, but few are universally applied. There are standards
for nomenclature and terminology, structural and semantic
standards, and open source technology platforms that promote
secure health information exchange [17]. Entrepreneurs and
provider networks have responded to this need for data
portability, and the potential for monetizing vast amounts of
data, by creating their own ecosystems where the patient is not
thefinal arbiter of dataflow [18-21].

There is now sufficient recognition that restricting health data
access is detrimental to patient care, provider satisfaction, and
health care costs [22]. Conversely, access to health data has
been shown to benefit and empower patients [23]. Authorized
access to the vast troves of accumulated digital data helps
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accelerate medical research [24]. In March 2016, the US
National Institutes of Health in collaboration with the Office of
the National Coordinator for Health IT announced the launch
of the Precision Medicine Initiative Sync for Science program.
Based on existing community standards and specification efforts,
this pilot program gave patients easy access to their data and
allowed them to donate it to researchers[25] securely. The most
significant challenges facing this initiative are individual and
collective concern over data security and privacy, and hospitals
and practitioners' reluctance to promote the program.

Health Datain India

Hedthisa“state” subject in India, managed and funded by state
governments, with part-funding from the Center (ie, the federal
government in Delhi). Consequently, there iswide variation in
quality of care within and among states [26,27]. On average,
70% of hedlth careisddlivered through the private sector, which
iscomprised of state-of-the-art tertiary facilities, nursing homes,
polyclinics, general practitioners and alarge workforce of health
care providers with no medical qualifications [28]. The public
health system is robust in population health interventions like
vaccine delivery but struggles to provide quality primary care
or specialized services at scale [29]. There are also stark
differencesin health care servicesin rural and urban India, with
the majority of the medical workforce, and tertiary services
gravitating to urban India[30].

Conversations about health information exchangein Indiamust
acknowledgetheseredlities, aswell asthe near absence of digital
health information in most clinical transactions. The private
sector is mostly not digitized except for magjor diagnostic
laboratory and radiology franchises, and some private hospital
networks [31,32]. Hospital chains like the Apollo Group and
Max Healthcare Group with advanced EHRs have reached Stage
6 of the Healthcare Information and Management Systems
Society classification of EHR adoption [33]. However, EHRs
are not yet portable across these institutions, and most systems
continue to struggle with physician compliance [31,32,34].

In the public sector, data have been collected through various
overlapping, regional or national mandates, or dictated by the
needs of sponsoring philanthropic foundations [35-37]. The
systems, where they exist, are District Health Information
System 2 compatible, and mostly comprised of aggregate data.
Longitudinal patient records are a recent (and still rare)
phenomena. Select public hospitals have managed to digitize
some components of the medical record. The governments of
Rajasthan, Andhra Pradesh, Maharashtra, and Tamil Nadu have
all sponsored EHR implementation to varying extents [38,39].
The Tamil Nadu system, for example, connects over 1,500
primary health centers, 267 secondary care hospitals, and 17
medical colleges. Sustained investment by the state government
has been key to the program’s success and scale [39]. The JJ
Group of Hospitals in Mumbai, Maharashtra has logged over
20 million patient visits in the past decade, using the Amrita
HIS platform [40]. India's premier public hospital in Delhi,
AlIMs, uses a patient scheduling software aimed at reducing
wait times. Several other state government sponsored tertiary
hospital s use the e-Aushadhi supply chain management system
[41,42]. However, these systems lack portability. They are also
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limited to government-run health facilities precluding residents
from accessing data across state lines or from transporting data
across public, and private health care facilities.

At the primary carelevel, community health workersand clinical
staff log data in paper-based notebooks, tablets, excel sheets,
and a variety of software applications that differ from state to
state. The validity of much of these datais questionable [43,44].
Preliminary analysisfrom astudy by our team at aprimary care
center in one state in India shows that there are over 3,000
discreet fields of data captured in paper-based and electronic
forms, contributing datato 70 different databases, the majority
of which are never accessed or used for real-time clinical or
policy decision making. These repetitive data collection
requirementsresult in large duplication, wastage, and divergence
of limited human resources.

Health data are a so captured at hundreds of research ingtitutions
across the country, in paper files, personal flash drives, hard
drives, and sometimes on ingtitutional servers. Thereisageneral
consensus among local researchers that much of these dataare
never analyzed, and they seldom change clinical practice or
care delivery [45,46].

Datado not travel acrossjurisdictions. For example, the Indian
Council of Medica Research, India's leading body for
biomedical research has limited access to the data generated
across its various collaborating ingtitutions, and almost none to
data generated in private ingtitutions. Critical clinical datawith
significant individual and public health consequence, like
information on compliance and antibiotic resistance, are not
portable across ingtitutions. Also, the government’s Revised
National TB Control Program cannot follow patients or monitor
their care once they choose to seek treatment in the private
sector. Eveniif private sector entitieswere willing to share data,
there are no mechanismsto do so. The lack of interoperability
of such critical data has a profoundly negative consequences
on existing disease surveillance systems [47].

There is growing recognition among the public sector that all
new digitization efforts must conform to prescribed standards.
The government adopted Systematized Nomenclature of
Medicine (SNOMED) and ismaking it available free of cost to
health systems across India [48]. Organizations like HIMSS
and the India Health Information Network are other key
stakeholders. While the government intends to establish
interoperability standards, the question of change management
remains unaddressed. Who will bear the cost of these new
systems, and of transitioning the older systems? What will be
theinstitutional and individual incentives? How will the system
be seeded, populated and sustained? In the United States, the
Health Information Technology for Economic and Clinical
Health (HITECH) Act provided incentives (and penalties) for
Electronic Health Record (EHR) adoption, at the cost of US $
34 hillion in payments to doctors and hospital s to purchase and
promote electronic health systems[49]. A 2017 study comparing
hospitalsthat qualified for monetary incentivesfor implementing
“meaningful use” of EHRs to those that did not qualify,
attributed 8 percentage points in adoption growth to the
incentives provided by HITECH [50]. India can barely afford
such expenditures when health spending is at less than 2% of
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its GDP [51]. What then would be the much-needed catalyst to
stimulate widespread digitization?

Until 2017, the lack of a significant insurance player in the
market precluded piggybacking EHR adoption on the billing
requirements of payersand providers. Deliberationswith critical
stakeholders in India facilitated by the authors through 2016
and 2017 focused on the three nodes in the system that were
most digitized, namely, laboratories, pharmacies and radiology
reports. Still, mechanismsfor change were not clear. The 2018
NHPS, with its urgent need for a technological backbone,
changes all that—it has potential to finally develop this vision
for universal HIE in India.

This approach is, however, not without its dangers. The EHRs
in the United States have evolved as very effective billing
instruments and provided medicolegal safeguards, but basic
patient and provider needs like portability and access were an
afterthought and required prohibitively expensive retrofitting.
Systemswork best, and complianceis highest, when the EHRs
can be customized to local workflows, and when they can be
modified or upgraded with relative ease and at low costs.
Hospital mergers in the United States have resulted in
near-uniform systems across vastly different enterprises, changes
in which require universal consensus across the ecosystem and
entail prohibitive fees charged by EHR corporations and
additional re-training costs.

While the NHPS may indeed be the much-awaited catalyst for
jumpstarting the digital health ecosystem in India, mandating
aone-size-fits-all nationwide billing platformwill doirreparable
and costly damage—coststhe Indian health care system cannot
afford to bear [52].

An Application Programming
Interface—Enabled Health Information
Exchange for India

Between August 2013 and December 2016, India's MoHFW
released a set of recommendationsfor electronic health records
that outlined vital components of a standardized hedth care
information ecosystem, and a common language for the
organization of medica terminology and data [43,53]. The
Ministry also instituted the National Digital Health Authority
meant to “regulate, devel op and deploy digital health along the
continuum of care across India [54].” In December 2016, the
government’s Centre for Health Informatics rel eased a Request
for Proposalsfor the creation of anintegrated health information
platform (IHIP), where the exchange would be facilitated viaa
central storage repository. Low budget allocation and limited
information on the proposed architecture precluded most 1T
service companies from bidding. The contract was finaly
awarded in January 2018, just weeks before the NHPS was
announced [55]. The centralized IHIP as envisioned would be
monolithic and prescriptive, risking poor user adoption, high
physician burnout, and little meaningful accessto the vast data
it would generate, as seenin large hospital systemsin the United
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States [52,56]. It risks not being able to leverage future IT
developments.

The prototype outlined below argues against the use of a
centralized repository of health data. Instead, we submit that
the way forward must be an APl—enabled, blockchain-based
information network in which the persona health record
underpins a system where free, rea-time flow of data is
predicated on consent and authorized access. Indiais uniquely
positioned to build this ecosystem armed with a universal
identity system, experience with digitization across multiple
other industries, and a sophisticated domestic IT workforce.

We describe below the technical and legal basis for the design
proposed.

Federated Architecture

Our proposed model calls for a federated architecture that
acknowledges current and future health information flow; for
exampl e, between providersand patients, wearablesand EHRs,
consumers and pharmacies, physicians and laboratories, or
institutions and payers. Collating all datain anational repository
for 1.3 hillion Indians will prove to be prohibitively expensive,
redundant, and wasteful. It would also offer a single point of
failure where security breaches would result in colossal data
compromise. A federated system would allow data to sit at the
source and be recalled on demand.

An APl-enabled federated health data architecture would
function on blockchain principlesas an “ open, distributed ledger
that can record transactions between two parties efficiently and
in a verifiable and permanent way” [57,58]. Consider a PHR
that could query all nodes in the network to receive periodic
updates—from wearables, diary entries, pharmacists, doctors,
hospitals, diagnostic labs, imaging facilities, and payers. It is
possibleto map out various permissible pathways through which
the data can travel automatically while there may be others
through which it cannot pass without the patient's consent
(Figure 1).

An authorized physician—even avirtual “teledoc”—would be
able to call for her patient’s entire record, either through
pre-authorization, real-time authentication, or waivers in case
of emergencies[56]. Diagnostic |aboratories should be permitted
to send their reports to the patient’s physician who requested
the test but will need authorization from the patient to send it
to any other doctor (such as one to whom the patient goes for
a second opinion). Similarly, a public health agency, duly
authorized, should be able to query select de-identified test
resultsacrossal laboratoriesin aregion of interest, to forecast,
monitor, and respond to disease outbreaks [59]. Health system
administrators should similarly have access to aggregate data
for monitoring delivery, resource utilization and clinical
outcomes. Physicians should be able to query their practice
patterns. Third-party applicationsthat are built off the patient’s
PHR, for example, alerting the patient to vaccine requirement
before travel, or triggering reminders based on her medication
list, would need the patient’s permission to access data from
her PHR (Figure 2).
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Figure 1. Federated Health Information Exchange Schema: The personal health record (PHR) would access data from existing and novel sources, by
preauthorization, waiver or legal mandate. EHR: electronic health record; MOH: Ministry of Health.
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Aslong astheuser is“recognized” by the system, and therefore
has pre-authorization to query particular types of data, access
should be easy and near instantaneous. Essentially, the“ consent”
process is separated in time and place from data flow, allowing
timely, secure, exchange of relevant health data between nodes.
A federated and distributed network so constructed would
obviate the need for constructing large nationa or regional
databases of the patient’s* entire” medical record. Opportunistic
synchronization and personal device-based back-up may
reasonably mitigate the effect of unreliable electricity and
connectivity. Moreover, all these inquiries and interactions
should generate audit trails to prevent misuse.

Smartphone penetration in Indiais expected to reach about 36%
of all mobile phone users[60]. Whileimportant components of
the proposed architecture, mobile phones are not critical.
Web-based services, hospital-based kiosks, and patient service
facilities can assist those without mobile phones in
understanding and accessing their settings. Local regulations
should ensure that the default aways protects the patient’s
interests and privacy.

While seemingly simple in architecture, such a system is
predicated on standardization and widespread adoption. We
next discuss how there is sufficient precedence and local
capacity to favor such sweeping change.

Universal Unique Patient | dentifier

Prima facie, access to the federated architecture would require
auniversal identifier. All datawould be tagged with that unique
identifier no matter where the patient interfaced with the medical
system. Further, any entity contributing to or extracting from
the system would need auniqueinstitution and personal identity
tag.

While usually a daunting system to create, the near universal
penetration of India's unique biometric identification program,
Aadhaar, offers a solution to this challenge. Aadhaar has been
built around the principles of privacy by design, and data
minimization, that are particularly relevant in security-sensitive
applications like health care. Administered by the Unique
Identification Authority of India, the system is actively used
today for the central government's direct benefit transfers and
subsidies programs and has also been used by several banks
and telecom operators. By 2017 over ahillion Indian residents
were enrolled in Aadhaar, making it the most widely deployed
single ID system anywhere in the world.

This astonishing penetration notwithstanding, mandating the
linkage of public servicesto Aadhaar has been problematic, and
asubject of congtitutional challenges before the Supreme Court,
with legitimate concerns of misuse and state overreach [61]. It
is possible that the public resistance for using Aadhaar may
necessitate the creation of a separate unique medical identity
number.

L ocal Precedence

The use of APIs would underpin the proposed federated
architecture. An API is a set of routines, protocols, and tools
built into a software application that enablesit to communicate
easily with other applications. APIs provide the meansto build
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interoperable software and data exchange services. APIs are
already behind the seamless integration from which we benefit
every day. They allow Instagram to access the camera on our
phones, agnostic to the maker of the device; or allow WhatsApp
to access our phone directory (“contact lists’); or ataxi app to
use Google maps. Industries like banking, finance, and social
media have already successfully tapped into the explosive
growth of software applications by adopting API-based solutions
[62,63]. Unrelated corporations own most products that
communicateviaAPIs, yet the use of standard APIs powersthe
entire digital ecosystem.

India’s own experience with wide-scale API adoption in the
financial technology (eg, fin-tech) sector has been regarded as
hugely successful: The Unified Payments Interface, rolled out
in 2016, has demonstrated both the feasibility and the advantages
of adopting an API-based ecosystem. Aadhar spurred a range
of nationwide API-based IT solutions, collectively referred to
asIndiaStack [64]. The Aadhar dashboard eKY C, for example,
is a paperless “Know Your Customer” (KYC) process aimed
at verifying an individua’s identity. This instant electronic
verification hasreplaced the traditional K'Y C processthat relied
on the onerous in person presentation of paper-based copies of
official identity documents. The eKY C is currently used across
many industries, including banking, utilities, and mobile
services, and haslogged 4.2 billion transactionsin the past four
years[65].

The Digital Locker is another successful application that
provides a cloud-based storage service to al residents that
authorized users can access. Registered Digital Locker
organizations can push (or retrieve) electronic copies of
documents and certificates (eg, driving license, voter 1D, school
certificates) directly into the lockers of Indian citizens, once
again making credentialing and verification processes
near-instantaneous. As of January 2018, nearly 2 billion digital
documents have been issued through the Digital Locker API
[66]. The widespread adoption of these changes in the
financial -tech sector was catalyzed by support from the highest
levels of government.

The successful and explosive use of mobile financial services
notwithstanding, user-controlled datafl ow through the federated
network assumes some degree of digita literacy and
understanding the ramifications of consent, secondary datause,
artificial intelligence algorithms, and so on. Until such timethat
the Indian populace is assumed to have such knowledge,
concomitant local laws will need to require that default data
access protects foremost, the patient. We discuss the relevant
existing and evolving Indian legal standards in subsequent
sections.

Global Standards

Globally, the health care industry has begun embracing
APl-based exchange. Open Medical Record System, and
platforms like SMART Hedth IT, developed at Boston
Children’s Hospital, have long pursued health data ecosystems
anchored in open standard APIs[67,68]. These programs, while
successful, had been limited in scale due to the rigid and
expensive architecture discussed above. However, the field is
rapidly changing. In June 2017, Athenahealth invested US $63
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million in aproduct that improved user-experience and ensured
interoperability with other EHRs. The product enabled
Athenahealth to open up their APIs for accelerated innovation
for their provider base [69]. In January 2018, Apple adopted
SMART standards for their Health Kit; others are expected to
follow suit. Patients will soon come to expect that their health
data be accessed via a range of apps on their phone.

Successful interoperability will rely on widely adopted
standardization in data storage and retrieval. Systematized
Nomenclature of Medicine-Clinica Terms (SNOMED-CT),
Logical Observation Identifiers Names and Codes (LOINC),
and RxNorm, a standardizing nomenclature for a medication
that can interpret varying vocabulary used by pharmacy and
drug interaction software, areincreasingly used globally. Health
Level 7 (HL7) enables health records and exchanges to be built
with typical architecture and structure. Fast Healthcare
Interoperability Resources (FHIR), building off HL 7 standards,
provides data formats and resources for building APIs for
facilitating exchange. Project Argonaut, for example, a
consortium involving governmental, private and academic health
IT leaders, has incorporated these standards to begin work on
supporting the uptake of APIs and including them in
“meaningful use” regulation [17,70]. Indiawas an early adopter
of many of these standards but remains a slow implementer,
given the absence of incentives (or penalties) for adoption.

Data Minimization

The architects of India's digital health infrastructure, while
being compliant with global standards, may consider creating
a series of “minimum datasets’ for standardization and
interoperability. In this article, the use of the term minimum
data set denotes the least possible number of data points that
early digital health information systems in India must include
to be useful to arange of stakeholders. Obfuscating digitization
with validity, new digitized data collection tools are frequently
bloated with information that will either not be used or isalready
being collected elsewhere. A minimal viable product, instead,
will help seed the ecosystem and can beincrementally expanded
upon, not unlike the phased requirements seen with HITECH.
This approach will alow a vast range of pilots to be tested,
evaluated, optimized to meet contextually relevant needs, and
then scaled up. Data minimization is also a useful tool in
improving security and reducing privacy abuse [71]. In India,
focusing on structured laboratory data, radiology results,
medications lists (ie, in sync with interactions at the chemist),
alergies, diagnoses, and essential demographic information
would provide enough data to spurn a variety of applications
for all involved stakeholders.

Substitutability

Itisimperative that early prototypes pay critical attention to the
user experience. Attempts at EHR adoption in Indiahave failed
to date due to the untenable combination of very high patient
volume and poor usability. Once again, an APl—enabled system
will allow providers and institutions to select products that are
highly customized to thelocal context and workflow [72]. Such
“substitutability” will be central to advancement—apps that
access underlying data that can be updated or swapped out for
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new ones with improved features and usability, just as we
currently do with apps from an app store [15].

The Law

Traditional privacy principles have been articulated in the
Organization for Economic Cooperation and Development
guidelinesfirst published in the 1980s, revised last in 2013, the
European Directive 95/46/EC, and severa pieces of national
legislation. These principles have come under increasing
scrutiny with the power of big data analytics to combine
information from discreet datasets. The EU General Data
Protection Regulation (GDPR), considered one of the most
stringent of data protection laws came into effect on May 25,
2018. It adopts arights-based framework, placing theindividual
at the center of the law. In the United States, while the public
sector is mostly governed by the Fair Information Practice
Principles and related acts, data flow in the private sector is
primarily regulated by notice and consent and overseen mostly
by the Federal Trade Commission.

As India’s planners imagine its new technologically powered
health data ecosystem, hard questions need to be answered. For
example, what risks do we pose for individual s and popul ations
by allowing such seamless data travel? Who owns the data?
Can such data be sold? If yes, does the patient have afinancial
clam, even when data are de-identified? What protection
measures need to be put in place? What remedy does the patient
have? What legal risks do patients, providers, scientists, and
governments expose themselves or each other to? Are the
technologies for such secure, encrypted, failsafe ecosystems
available? What can we learn from other industries? Why have
previous attempts failed?

Emerging economies often lack dedicated privacy laws, relying
instead on a patchwork of consumer protection laws,
telecommuni cations statutes, human rights provisions and other
measures to tackle data breaches, privacy violations, and
consgtitutionally protected rights to equal treatment. However,
as government welfare and benefits are increasingly delivered
through online platforms on the backs of newly digitized
databases, there is aneed to ramp up the legal infrastructurein
parallel [73]. This need is critically felt when examining the
ability of illiterate users to provide informed consent and to
exercise control over valuable data. By engineeringinteroperable
systems that default to protect and empower users by offering
them control and discretion over data sharing arrangements,
one can optimize the benefits of exchange without
compromising privacy or security.

Data mining of de-identified information can now reveal very
sensitive data [ 74-76]. Insurance premiums (in aless regulated
health care system), for example, can be modified based on zip
codes, browser history or seemingly unrelated shopping habits
[75,77]. Technology is not neutral, and most systems encode
values and biases, however unconscious [78,79]. Evolving
research highlights the risks of data-driven or algorithmic
decision-making [80,81]. Biometrics, which systemsrely upon
for identity verification, has been shown to have higher error
rates (false positives and false negatives) for darker skin tones
[82].
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Societal expectations of privacy can also ebb and flow, and the
laws need to be nimble enough to accommodate for the fast
paceof IT evolution. Only afew yearsago, theideathat Google
would scan emailsto automatically popul ate a person’s calendar
or send aerts was considered highly unacceptable. Today, for
many, it is the norm.

In August 2017, the Supreme Court of Indiaruled that privacy
isafundamental right [83]. The landmark judgment potentially
provides the necessary deterrents to data misusein a health IT
ecosystem, in addition to establishing the supremacy of patient’s
control over her health data (privacy). The Ministry of
Electronics and Information Technology constituted an expert
committeeto help draft abill on data protection. The committee
released a White Paper on the data protection framework for
India, inviting public comment [84]. The White Paper
extensively examined best practices elsewhere in the world,
with particular attention to European Commission’s GDPR
regulations scheduled to go into effect on May 25, 2018.

Responses to the White Paper included recommendations
focused on the protection and use of health data, calling for
automated but consented flows, easier access, and portability,
and without jeopardizing the safety or privacy of vast swathes
of India'sdigitaly illiterate popul ations. Reviewers opined that
health dataare generated jointly by the patient and the provider,
and are used for purposes beyond clinical care, including for
research, operations, payments, quality control, and public
health. The patient serves as the “data controller” with a
reasonable say in which of their data are made available, to
whom, and when. A “data processor” co-creates and adds data
to the patient’s health record and accesses it when implicitly or
explicitly authorized to do so. When patients cannot consent
for lack of capacity, illiteracy, or circumstance, regulations
should favor the patient’s best interest [85]. It might be useful
to think about control in the context of a tiered hierarchy of
permissions. The patient in most respects would be the final
arbiter. Below the patient is a category of stakeholders with
accessto the data because they have been involvedinitscreation
and to whom the patient has given implicit or explicit consent.
Subordinate to these creators of datawill be various other actors
who can only gain access to the data with the patient’s
permission or, if permitted by law, without [86].

In March 2018, the MoHFW invited public comment on a new
bill it has proposed, the Digital Information Security in Health
Care Act [87]. These evolving privacy and data protection laws
in India must provide for deterrents to data misuse, where
violations result in hefty fines, loss of access, and censure. On
the other hand, an onerous, manual, consent-driven process
would prevent patients from benefiting from advances in
voice-activated services, machine learning, and artificial
intelligence. Users of health data must therefore, above al, be
expected to have afiduciary responsibility toward the patient.

Conclusion

In July 2018, the Government of Indias NITI Aayog, the
National Institutefor Transforming India, published ablueprint
for a "National Health Stack,” embracing the principles of
federated patient-centric data flows outlined in this paper
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[88,89]. The proposed “Health Stack” platform hasthe potential
for revolutionizing medical care, research, and health care
delivery inIndia. However, asimple, claims-driven model risks
replicating the pitfalls of the US system [55]. It isalso not likely
to inspire provider or patient adoption.

For this proposed technological framework to meet its
game-changing potential, the model will benefit from adhering
tothefollowing principles: (1) adopting afederated architecture,
(2) prioritizing patient and popul ation health needs over billing
needs, (3) guaranteeing a patient’s right to her structured data,
(4) dlowing a plug and play model of highly customizable
applications that can address varying context-specific needs,
and that respond to market incentives for better user-interfaces,
(5) mandating minimum data sets, (6) adopting privacy by
design: automate audited and consented data flow, and finally
(7) defaulting to safeguarding patients' control over their data.

For patients, scientistsand clinical providersto recognize, adopt
and benefit from the vast potential of asecure, federated health
information ecosystem, we propose asuite of initial applications
whose benefitsto society are pal pable. For example, medication
alerts, laboratory trends, schedulers and payment logs would
prove highly useful to patients but would require interoperability
among different sources of data, mandated or incentivized by
the state. At a population level, disease surveillance data for
modeling and forecasting outbreaks would be particul arly useful
to public health agencies. Standardized registries for trauma,
cancer, rare diseases are desperately needed in India and can
be built on the proposed framework. Aggregated and
anonymized data sets accessed through an audited trail would
help accelerate medical research, given the sheer volume of
patient load in India.

However, such widespread adoption and data transfer between
entities would necessitate buy-in  from  multiple
stakehol ders—through a combination of incentivization, legal
mandate, budgetary allocation, and market demand for
patient—provider, provider—provider, provider—payer, and
payer—patient interactions [22]. There are no PHRs in India. It
isprecisely the greenfield nature of the digital health ecosystem
in India that would allow a PHR-based, APl—-enabled network
from the get-go, pre-empting the development of complex and
incompatible silos of health data.

India must take advantage of its vibrant I T ecosystem and the
widespread adoption of mobile technologies across its
socio-economic strata. A light and robust APl—enabled spine
upon which both the public and private sector can be invited to
build contextually appropriate, competing, substitutable, and
incremental solutionswill bethekey to aforward-looking digital
health ecosystem. Thetimefor large centralized datawarehouses
and homogenous systems has passed.

Thereis much excitement globally about the power of big data,
artificial intelligence and machine learning in reshaping
medicine and health care delivery. However, the potential of
these promising sciences can only be harnessed with reliable
and timely data. A federated PHR in India will provide
unprecedented amounts of health data; among them may lie
answers to our well-being and happiness.
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Abstract

Wearable sensor technology could have an important role for clinical research and in delivering health care. Accordingly, such
technol ogy should undergo rigorous eval uation prior to market launch, and its performance should be supported by evidence-based
marketing claims. Many studies have been published attempting to validate wrist-worn photopl ethysmography (PPG)-based heart
rate monitoring devices, but their contrasting results question the utility of thistechnology. The reason why many validations did
not provide conclusive evidence of the validity of wrist-worn PPG-based heart rate monitoring devicesis mostly methodol ogical.
The validation strategy should consider the nature of data provided by both theinvestigational and reference devices. There should
be uniformity in the statistical approach to the analyses employed in these validation studies. The investigators should test the
technology in the population of interest and in asetting appropriate for intended use. Device industries and the scientific community

require robust standards for the validation of new wearable sensor technol ogy.

(J Med Internet Res 2018;20(7):€10108) doi:10.2196/10108

KEYWORDS
sensor technology; accuracy; wearable; telemonitoring

In the past 5 years, there has been a huge proliferation of
wrist-worn heart rate monitors, often embedded in smart-bands
and smartwatches, which can generate avast amount of dataon
lifestyle, physiology, and disease providing exciting
opportunities for future health applications. Wearable sensor
technology could have an important role for clinical research
and in delivering health care [1]. Wearable sensors can be used
to encourage healthier living (possible delaying or preventing
the onset of disease), screen for incident disease, and provide
unobtrusive continuous monitoring for people with chronic
illnessesin order to optimize care and detect disease progression
and complications. In Figure 1, we show an overview of
potential continuous heart rate monitoring applications. New
diagnostic applications could become possible thanks to the
integration of heart rate and persona information such as age,
sex, fitness, activity type, and symptoms. A large number of
lifestyle apps and games are emerging thanks to continuous
heart rate monitoring, currently most of them related to fitness

http://www.jmir.org/2018/7/€10108/

(eg, Google Fit, Strava) or biofeedback relaxation (eg, Letter
Zap, Skip aBeat). It is conceivable that health-promoting apps
or games based on heart rate will soon be devel oped. Wearable
heart rate monitors could also enable therapeutic monitoring
such asmedication titration. Accordingly, such monitors should
undergo rigorous evaluation prior to market launch, and their
performance should be supported by evidence-based marketing
clams[1].

Thereare several types of validation studies. These studies may
be marketing claim validations or medical claim validationsfor
medical grade certification. They are usually done by the
manufacturers, sometimes in collaboration with clinical sites,
on unreleased products. There may also be benchmarking
validation studies, where several commercially available
competing products are compared to one another and against a
reference. In some cases, there may be even single device
validation studies.
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Figure 1.

Sartor et al

Brief overview of potential clinical and nonclinical applications derivable from continuous heart rate monitoring. AF/VT: atria

fibrillation/ventricular tachycardia; HFrEH: heart failure with reduced ejection fraction.

1. Detection of episodes of tachycardia to
exertion (AF / VT)
2. Detection of bradycardia / pauses /

A. Diagnostic

irregular rhythm

3. Heart rate and rhythm linked to
symptoms

4. Detection of chronotropic incompetence
(linking heart rate to activity monitor)

. Assessing response during exercise
. Heart rate recovery

B. Lifestyle

C. Therapeutic Monitoring

1
2
3. Slowing of heart rate due to fitness
4. ‘Gaming’

1. Optimizing heart rate (beta-blocker /
ivabradine use) for patients with HFrEF in
N sinus rhythm

The latter 2 types are generaly performed by academic or
clinical centers even though industries often engage in such
comparisonsaswell. The only studieswhich go through a strict
quality regulatory framework are medical claim validation
studies for medical grade certification (eg, Food and Drug
Administration in the United States, medical CE [Conformité
Européene] marking in Europe) [2,3]. Asaconseguence, many
nonmedical devicesare released on the market without rigorous
validation.

In Europe, the choice on how to position a device is the
responsibility of the manufacturer, whereasin the United States,
this decision can be overruled if the deviceis perceived to have
potential health risks for the user [4]. Because manufacturers
can decide whether or not they wish to comply with medical
certification regulations, this inevitably leads to heterogeneity
in what validations are done. In our view, the lack of stringent
regulations for the release of nonmedical heart rate monitoring
devices should not justify the lack of standard requirementsfor
validating thistechnology. The adoption of such technology by
health care professionals could be hampered by their liability
in case of adverse events when using commercially available
nonmedical devices. The authors of this viewpoint agree with
Quinn [4], who suggests “a more pragmatic, risk-based
approach,” which takes a case-by-case look at commercial
solutions that may or may not meet the standards required of
medical devices. This approach should be applied to promote
technology adoption and at the same time safeguard the saf ety
of end-users. Here, we give an overview of clinical applications
exploiting wearable heart rate monitors.

In a Research Letter recently published in JAMA [5], the
performance of several commercially available, wrist-worn
photopl ethysmography (PPG)-based heart rate monitors was
reported. The authors concluded that PPG-based monitoring
was not suitable “when accurate measurement of heart rate is
imperative.” The authors of that Research L etter acknowledged
their report had limitations, including testing only 1 type of
activity (treadmill), only in healthy people, and honcontinuous

http://www.jmir.org/2018/7/€10108/
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2. Avoiding excessive ventricular rate
control for patients with atrial fibrillation
3. Anticoagulation for AF

monitoring. Many other studies have been published validating
wrist-worn PPG-based heart rate monitoring devices[6-14] but
fail to show consensus in favor of or against the accuracy of
this sensing technol ogy.

The authors believe that the reason why many validations did
not provide conclusive evidence of the validity of wrist-worn
PPG-based heart rate monitoring devices is mostly
methodol ogical. Studies conducted by teams with abiomedical
engineering background are more concerned with addressing
problems like signal synchronization and averaging, while
research teams with a sports medicine background are more
concerned with target groups and exercise protocols. Moreover,
clinicians are primarily interested in apps related to
telemonitoring, in-hospital or remote. Each approach has its
methodological shortcomings. The aim of this viewpoint isto
suggest a more consistent and robust approach to validating
monitoring technologies.

When validating heart rate monitoring devices, it is sensible to
follow acommon definition of accuracy. The American National
Standards Institute standard for cardiac monitors, heart rate
meters, and alarms defines accuracy as a “readout error of no
greater than £10% of the input rate or +5 bpm, whichever is
greater” [15]. Once accurate heart rateisdefined, it isalso good
to agree on what to use as agold standard. Electrocardiography
(ECG) isthe accepted gold standard for heart rate monitoring.
Nevertheless, ECG, as with PPG, can be severely affected by
artifacts[16]. Yet it isgenerally accepted that PPG-based heart
rate monitoring suffers from inherent drawbacks (eg, more
difficult peak detection, higher sensitivity to motion artifacts)
compared to ECG-based monitoring [16].

The validation strategy should consider the nature of data
provided by investigational devices (D) and reference devices
(RD). Heart rate values are aways derived from more complex
signals (eg, ECG, PPG). Thus, even when the ID and RD have
the same output rate (eg, 1 heart rate val ue per second) and these
outputs are well synchronized, the beats compared may not
belong to the same time intervals. The method used to extract
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information from the raw data (eg, time domain or frequency
domain) and the averaging strategy (eg, interbeat intervals or
5-second periods) of theraw datawill determine aspecifictime
lag for each heart rate value. Ideally, researchers should have
access to the raw data. Thisis often not possible, and it should
be acknowledged as a limitation.

Researchers should realize that their RD (often an ECG device)
will not always be accurate. Unless there is a quality check on
the validity of the ECG, a second reference device should be
used such as a second ECG-based sensor applied in a different
manner (eg, patch versus chest strap) and using a different

Sartor et al

software algorithm for cal culating heart rate. When thetwo RDs
fail to agree, no comparison should be made between RD and
ID outputs (Figure 2). As mentioned earlier, even the RD (for
example ECG patch or ECG strap) in certain circumstances
may suffer from inaccuracy due to artifacts (eg, motion
artifacts). Based on our own experience in testing hundreds of
subjects, we realized that ECG patches perform particularly
badly when the skin under the electrodes is stretched or
excessively wet. ECG straps perform rather poorly when the
skin getstoo dry, the strap loosens up, and for certain anatomical
shapes (pectus excavatum). These problems must be reported
by the researcher.

Figure 2. Correlation between 3 heart rate (HR) monitoring devices and the electrocardiography (ECG) reference. When the 2 chest straps and the
wrist-worn photopl ethysmography (PPG) heart rate monitors consistently disagree with the reference, their points depart from the 45-degree linein the

same way.
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Figure 3. Segment of heart rate (HR) recordings by 3 devices:. electrocardiography (ECG) reference, chest strap, and photoplethysmography (PPG)
watch. The red circles represent the instants when heart rate from those devices would be collected if these were a value per minute observation. It is
evident how these values do not represent the actual second by second or even the average agreement among the 3 devices.
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The accuracy of the observation method should be robust (ie,
repeatable and reproducible). In some validation studies, heart
rate was logged manually after visually consulting the display
of both ID and RD [5,7]. Thismethod carries several limitations
including human data entry errorsand failureto report precisely
simultaneous values from multiple devices. This method also
limits the observation rate to, for instance, 1 value per minute
[5,6]. Taking 1 value per minute is not the same as taking an
averaged value over a minute, and both approaches fail to
capitalize on the information derived from the rates of change
in heart rate and heart variability and assume that participants
are in a steady-state condition. Researchers should choose the
observation rate (eg, 1 or 5 values per second) and averaging
strategy (eg, 5- or 30-second windows) according to the use
case foreseen for the heart rate monitor. Yet researchers need
to be aware that taking, or averaging, 1 value every minute will
hidevariability [17]. Thisisevident in Figure 3, whichillustrates
that 1 single time point (red circles) is not necessarily
representative of the entire minute. Consequently, for the
purpose of testing accuracy, even when amean heart rate value
per minute would be sufficient, accuracy should be evaluated
at the highest resolution possible.

We also observed alack of uniformity inthe statistical analyses
employed in vaidation studies. Pearson correlations and Student
t testsareinadequate for testing agreement [18]. Thisisbecause
the Pearson correl ation coefficient isnot sensitive to systematic
deviations from the 45-degree line, failing to reject agreement
when these deviations occur. The Student t test is inadequate
in regjecting agreement when means are equal but the 2 measures
do not correlate with each other, and it can reject agreement
when avery small systematic residual error shifts 1 of the means
[19]. Moreover, the t test assesses difference, which implies

http://www.jmir.org/2018/7/€10108/

RenderX

that when not rejecting the null hypothesis (ie, means are equal)
it does not prove that the 2 means are equivalent. Concordance
correlation coefficients should be reported instead [18,19]. Also,
limits of agreement analyses should be accompanied by typical
error calculations[20]. Equival ence testing should be used when
the alternative hypothesis is that the outputs of 2 devices are
the same[21]. In equivalencetesting, the null hypothesisisthat
the differences between the means are outside the equivalence
limits.

Finaly, there are some practica considerations. The
investigators should test the technology in the population of
interest and in a setting appropriate for intended use.
Measurementstaken at rest or in the period after exercise cannot
be considered to validate measurements done during exercise.
Results gathered on healthy individual swith no abnormal heart
rhythm areinappropriate for applications aimed at patientswith
cardiovascular disease where the burden of arrhythmiaswill be
substantially higher. Additionally, due to the effect that the
contact of the sensor with the skin and the environmental
conditions can have on the PPG signal, information such as
sensor placement, strap tightness, skin type, temperature, and
possibly light intensity should be reported.

Although many studies have been published to assess the
validity and usability of wrist-worn PPG-based heart rate
monitoring, their methodol ogical differencesand shortcomings
hamper research into their clinical utility and their introduction
into health care. Such devices could make an important
contribution to the future of mobile health and, in our view,
should be rigorously evaluated as outlined above. For the
reasons discussed in this viewpoint, we advocate standard
requirements generally accepted by both the scientific
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community and the device industries in order to provide afair  and consistent validation of new wearable sensor technol ogy.
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Abstract

Background: The health of informal caregivers of adults with chronic conditionsisincreasingly vital since caregivers comprise
a large proportion of supportive care to family members living in the community. Due to efficiency and reach, internet-based
interventionsfor informal caregivers have the potential to mitigate the negative mental health outcomes associated with caregiving.

Objective: The objective of this systematic review and meta-analysis was to examine the impact of internet-based interventions
on caregiver mental health outcomes and the impact of different types of internet-based intervention programs.

Methods: MEDLINE, EMBASE, CINAHL, PsycINFO, Cochrane, and AgeLine databases were searched for randomized
controlled trials or controlled clinical trials published from January 1995 to April 2017 that compared internet-based intervention
programswith no or minimal internet-based interventions for caregivers of adultswith at least 1 chronic condition. Theinclusion
criteria were studies that included (1) adult informal caregivers (aged 18 years or older) of adults living in the community with
achronic condition; (2) an internet-based intervention program to deliver education, support, or monitoring to informal caregivers,
and (3) outcomes of mental health. Title and abstract and full-text screening were completed in duplicate. Data were extracted
by asinglereviewer and verified by asecond reviewer, and risk of bias assessments were completed accordingly. Where possible,
datafor mental health outcomes were meta-analyzed.
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Results: The search yielded 7923 unique citations of which 290 studies were screened at full-text. Of those, 13 studies met the
inclusion criteria; 11 were randomized controlled trials, 1 study was a controlled clinical trial, and 1 study comprised both study
designs. Beneficial effects of any internet-based intervention program resulted in a mean decrease of 0.48 points (95% Cl —0.75
to —0.22) for stress and distress and a mean decrease of 0.40 points (95% CI —0.58 to —0.22) for anxiety among caregivers. For
studies that examined internet-based information and education plus professional psychosocial support, the meta-analysis results
showed small to medium beneficial effect sizes of the intervention for the mental health outcomes of depression (—0.34; 95% ClI
—0.63 to —0.05) and anxiety (—0.36; 95% CI —0.66 to —0.07). Some suggestion of a beneficial effect on overall health for the use
of information and education plus combined peer and professional support was also shown (1.25; 95% Cl 0.24 to 2.25). Overall,
many studies were of poor quality and were rated at high risk of bias.

Conclusions: Thereview found evidence for the benefit of internet-based intervention programs on mental health for caregivers
of adults living with a chronic condition, particularly for the outcomes of caregiver depression, stress and distress, and anxiety.
The types of interventions that predominated as efficacious included information and education with or without professional
psychological support, and, to a lesser extent, with combined peer and psychological support. Further high-quality research is
needed to inform the effectiveness of interactive, dynamic, and multicomponent internet-based interventions.

Trial Registration: PROSPERO CRD42017075436; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=75436

(Archived by WebCite at http://www.webcitation.org/709M 3tDvn)

(J Med Internet Res 2018;20(7):€10668) doi:10.2196/10668
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Introduction

The number of adultsliving with chronic conditionsisincreasing
globally [1]. Many adultswith chronic conditionsrely on family
or friend caregivers for support [2]. In Canada, it is reported
that more than one-quarter of individuals provided support and
care for a friend or family member with a long-term health
condition, disability, or age-associated issuein agiven year [3].
Caregivers supporting family members living with chronic
conditions who need assistance with day-to-day functioning
play an essential role for families but also for the health care
system, asthey provide up to 90% of the medical and supportive
care needsfor their care recipients[4,5]. While there are many
benefits to caregiving for a family member, there are aso
detrimental emotional and mental health impacts of caregiving
that are increasingly being identified and for which practical
solutions are urgently needed [3,6,7].

Recognizing the negative health impacts of caregiving has led
to studies to examine effective interventions to support these
individuals. While avariety of interventions have been evaluated
for their impact on improving the health of caregivers, with
beneficial effects [8], there is great interest in the use of
technology as a means of achieving positive outcomes.
Eysenbach [9] suggests that efficiency of health care delivery
through internet interventions may lead to areduction in health
care costs. Further, internet and eHealth may be more accessible
to caregivers, especially those in remote and rural areas,
resulting in increased equity to access health care [9].

There have been 15 recent systematic or other reviews of
technology interventions (eg, internet, telephone) to support
informal caregivers of adults with chronic conditions in the
community [10-24]. Eight reviews focused on internet-based
interventions designed specifically for caregivers[12,17,19-24].
All of these reviews provided evidence of improvements in
caregivers health as a result of internet-based programs. A

http://www.jmir.org/2018/7/e10668/

recent rapid evidence review evaluated the impact of
internet-based interventions on outcomes for caregivers of
persons with chronic conditions living in the community [24].
Internet-based interventions resulted in positive effects on
mental health outcomes including decreasing depressive
symptoms, stress or distress, and anxiety [24]. Limitations of
these studies were that a meta-analysis was not performed to
quantify the magnitude of effect across studies and determine
clinical relevance; therefore, the impact of internet-based
interventions on mental health outcomes of caregivers is still
not clear.

The primary objective of this study wasto conduct a systematic
review and meta-analysisto assess the impact of internet-based
interventions of any type compared to no or minimal
internet-based interventions on the mental health of informal
caregivers of adults with at least 1 chronic condition living in
the community. The secondary objective was to examine
whether specific types of internet-based interventions had a
beneficial effect on caregiver mental health.

Methods

This systematic review and meta-analysis was conducted
following the Preferred Reporting Itemsfor Systematic Reviews
and Meta-analyses (PRISMA) guidelines [25].

Population

The population of interest included informal caregivers aged
18 years and older who were currently providing caregiving
support to adults aged 18 years and older (ie, care recipients)
living in the community with at least 1 chronic condition.

I nterventions

Studies selected for this systematic review included those that
examined any internet-based modality to deliver an intervention,
which could include either a single component program or
multimodal program to informal caregivers. An internet-based
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program was defined as any Web-based series of instructions,
options, plans, lessons, modules, or curricula.

Outcomes

The primary outcome of interest for this systematic review was
mental health, specifically including depressive symptoms,
stress/distress, anxiety, coping, overall mental health, quality
of life, and overall health. A second paper on other caregiver
outcomes reported in these studies (eg, self-efficacy, self-esteem,
burden) isin progress.

Study Design
Selection Criteria

Studies were included according to the following inclusion
criteria: (1) study designs were a randomized controlled trial
(RCT) or acontrolled clinical trial (CCT), (2) studies examined
any internet-based intervention program for informal caregivers
of older adults having at least 1 chronic condition living in the
community, (3) studieswere published between January 1, 1995,
and April 19, 2017, (4) studies were published in English, (5)
studiesreported on at least 1 mental health outcome of interest,
(6) studies used any measurement tool to examine the mental
health outcomes of interest, and (7) studies in which the
comparator or control group received none or minimal
internet-based intervention (eg, links to a website for
information). There were no restrictions on the nature of chronic
conditions of care recipients. Exclusion criteria included all
other types of study designs (ie, observational studies, case
reports), studies that compared different types of program- or
module-specific  internet-based interventions, grey or
unpublished literature, conference abstracts, and letters or
editorials. All study protocols without preliminary results for
data extraction were also excluded.

Search Strategy

A peer-reviewed search strategy was developed by 2 research
librarians at McMaster University. EMBASE, MEDLINE,
PsycINFO, CINAHL, Cochrane, and AgelL.ine databases were
searched for studies published between January 1, 1995 and
April 19, 2017. Reference lists of systematic reviews were
searched for relevant studies not captured by the initial search.
Results were deduplicated, and the citations were uploaded to
a secure internet-based platform. More detailed information
about the search termsis available in Multimedia Appendix 1.

Selection of Studies

Two reviewers independently selected studies for possible
inclusion based on title and abstract review. Studies deemed to
have met inclusion criteria by either reviewer then underwent
full-text review. Any disagreements were discussed between
reviewers, and a third party was involved to help reach
CONSENSUS as necessary.

Data Extraction and Quality Assessment

Full dataextraction, including characteristics of included studies,
was completed by 1 reviewer and verified by asecond reviewer.
Risk of bhias found in individual studies was assessed by 1
reviewer and verified by a second reviewer. Risk of bias was
assessed using the Cochranerisk of biasframework [26], which
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evaluates the level of bias for sequence generation, alocation
concealment, blinding, completeness of outcome assessment,
selective reporting, and other biases. The quality of the clinical
evidence was critically appraised by 1 reviewer and verified by
a second reviewer using the Grading of Recommendations
Assessment, Development, and Evaluation system (GRADE),
which evaluates the risk for bias, inconsistency, indirectness,
and imprecision for each outcome [27]. Disagreements were
resolved through consensus between the 2 reviewers.

Data Analysis

A meta-analysis was used to combine the results across studies
by outcome using the published data from included studies. To
perform the meta-analysis, we used immediate posttreatment
data (mean, SD) for continuous outcomes such as depression,
stress or distress, anxiety, coping, overall mental health, quality
of life, and overall health. We used intention-to-treat outcome
datawhere possible; however, if no intention-to-treat datawere
reported, we used study completer’s outcome data.

The DerSimonian and Laird random effectsmodel swith inverse
variance method were used to generate the summary measures
of effect in the form of standardized mean difference (SMD)
[28]. The SMD accounts for similar outcomes measured using
different assessment tools (eg, depressive symptoms were
assessed using different outcome measures such as Center for
Epidemiologic Studies Depression Scale and Beck Depression
Inventory) [29]. Inthissituation, it was necessary to standardize
the results of the studies to a uniform scale before they could
be combined in aquantitative synthesis. SMDswere calculated
using change from baseline data for intervention and control
groups for each study with relevant outcome data. For each
outcome, data from the corresponding study were used to
calculate the mean difference between pretreatment (baseline)
and posttreatment (final or end point) values along with its SD
for both intervention and control groups. In studies where the
SD was not reported, we calculated the SD from the reported
standard error (SE) of the mean, 95% confidenceintervals(Cls)
and P values or z scores using equations provided in Chapter 7
and Chapter 9 of the Cochrane Handbook for Systematic
Reviews of Interventions[30,31]. The SMD isinterpreted based
on itsmagnitude according to Cohen d recommended thresholds
(~0.2=small effect, ~0.5=medium effect, ~0.8=large effect)
[32].

The primary meta-analysis was to examine any type of
internet-based intervention program by mental health outcome.
The secondary meta-analysis was to examine the effects of
specific types of internet-based intervention programs on mental
health outcomes. Based on our previouswork [24], intervention
types were categorized accordingly: (1) internet-based
information or education only, (2) internet-based information
or education plus peer psychosocia support (PPS), (3)
internet-based information or education plus professional
psychosocial support (PFPS), (4) internet-based information or
education plus combined peer and professional psychosocial
support, and (5) internet-based intervention with telephone
monitoring along with combined peer and professional
psychosocial support.
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Statistical heterogeneity of combined studies was examined

using standard methods. The |2 statistic was used to quantify
themagnitude of statistical heterogeneity between studies, where

12 of 30% to 60% represents moderate and 1 of >60% represents
substantial heterogeneity [33]. A P value of <.10 was used as
aguideto indicate where statistically significant heterogeneity
may exist, upon which acloser examination of study differences
was performed. All analyseswere performed using the software
packages Review Manager (RevMan version 5.3; The Cochrane
Collaboration), STATA version 14 (StataCorp LLC), and
GRADEpro Guideline Devel opment Tooal.

Results

Study Selection

The search resulted in 7923 unique citations that were screened
independently by 2 project staff. At title and abstract screening,
we excluded 7633 studies, leaving 290 studies to be screened
at full-text. Of those 290 studies, we identified 13 studies (14
papers) that met the inclusion criteriafor this systematic review.
Referenceslists of the on-topic systematic reviews and included
studies were searched but no additional studies were added
(Figure 1).

Description of Studies

The purpose, methods, participants, intervention, and risk of
bias details of the included studies are shown in Multimedia
Appendix 2. From among the 13 included studies, there were
11 studiesthat were RCTs[34-45], 1 study that wasa CCT [46],
and 1 study that combined both RCT and CCT designs [47].
Five of the included RCTs were conducted in Europe [34-38],
and 5 RCTswere conducted in the United States [41-43,45], of
which 1 RCT reported relevant outcomes across 2 papers
[39,40]. Therewas 1 RCT conducted in Canada[44]. The CCT
was conducted across the United States, Puerto Rico, and
Mexico [46], and the combined CCT and RCT was conducted
across 3 European countries [47].

Inregard to thetype of chronic conditionsamong care recipients,
9 studies included patients with some form of dementia
[34-38,41,45-47]. Cardiovascular hedth disorders were
represented in 3 studies, of which 2 studiesincluded only stroke
survivors [42,43] and the other study included a mixed stroke
population of stroke-related dementia combined with patients
having Alzheimer disease and Parkinson disease [44]. One study
was based on non—small cell lung cancer carerecipients[39,40].
All included studieswere considered small in sample size (<150
subjects per arm) and had a short length of study follow-up (<6
months). One study included a slightly longer study follow-up
time period of 1-year [43]. A majority of studies included
informal caregiversaged older than 50 years (range 53.8t0 67.8
years) [35-44,47], except in 1 study that included family
caregivers who were aso partially working and therefore
reported a slightly lower age [45]. Two studies did not provide
information on the average age of caregivers[34,46]. Morethan
half of the caregiverswere femalein all of the included studies
(range 56.3% to 100%).
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From among the 13 included studies, there were 2 studies (15%)
that were categorized as having used an internet-based
information or education only intervention [41,45], 3 studies
(23%) having used an internet-based information or education
plus PPS intervention [34,36,37], 1 study (8%) having used an
internet-based information or education plus PFPSintervention
[35], 6 studies (46%) having used an internet-based information
or education plus combined peer and professional psychosocial
support intervention [38-40,42-44,46], and 1 study (8%) having
used an internet-based intervention with telephone monitoring
along with combined peer and professional psychosocia support

[47].

Studies had a comparison group defined as receiving no
internet-based intervention that could have included minimal
guidance on information resources or website use
[34,37,38,41,42,44], usua care with or without additional
information [36,39,40,43,45,47], printed information [46], or
electronic communications (eg, e-bulletins) [35].

Outcome assessment tools used for relevant mental health
outcomes varied across studies and are summarized in
Multimedia Appendix 3. Among the 13 included studies,
outcomes examined included depression (8/13), stress or distress
(6/13), anxiety (2/13), coping (2/13), overall mental health
(1/13), quality of life (4/13), and overal health (2/13).

Risk of Bias

The results of the critical appraisal of individual studies for
level of bias for sequence generation, allocation conceal ment,
blinding, completeness of outcome assessment, selective
reporting, and other biases are shown in Figure 2. Overal, the
Cochrane Risk of Bias (RoB) showed mixed quality of study
methodology: 2 studies with low RoB [35,37], 3 studies with
high RoB [36,40,47], and 8 studies with unclear RoB
[34,38,41-46].

Effectiveness of | nternet-Based I nterventions

The meta-analysisincluded an examination of theimpact of all
internet-based interventions combined aswell as an analysis of
theimpact of each type of internet-based intervention according
to mental health outcome. All forest plots are shown in
Multimedia Appendix 4.

Any | nternet-Based | ntervention

A summary of the results of the metaanaysis of any
internet-based intervention on mental health outcomesis shown
in Table 1. Compared to no or minimal internet-based
intervention, any type of internet-based intervention resulted in
a beneficial mean decrease of 0.48 points (95% CI -0.75 to
—0.22) for stress or distress among caregivers and a beneficial
mean decrease of 0.40 points (95% CI -0.58 to —0.22) for
anxiety among caregivers. Therewere no statistically significant
differences between groups for the mental health outcomes of
depression, coping, overall mental health, quality of life, and
overal health. Heterogeneity for the combined effect estimate
was observed for the mental health outcomes of depression,
stress or distress, quality of life, and overall health (P<.10) but
not for anxiety and coping. The overal GRADE quality of
evidence for each outcome ranged from very low to low.
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Figurel. Study flowchart.

Records screened

Sherifali et &

Records excluded at Title

N = 7,923

h 4

Full Text articles assessed

) 4

and Abstract
N=7,633

Full-Text articles excluded

for eligibility
N =290

h 4

Studies included
N =13 (14 papers)

Types of I nternet-Based | nterventions

Mental health outcomes of interest were examined by the
different types of internet-based interventions as shown in Table
2. For information or education only interventions, results
showed a beneficial mean decrease of 0.31 points (95% CI —0.50
to —0.11) for depression, a beneficial mean decrease of 0.57
points (95% CI —0.77 to —0.37) for stress or distress, and a
beneficia mean decrease of 0.42 points (95% CI —0.65t0-0.19)
for anxiety among caregivers, compared to minimal or no
internet-based intervention. These results were based on
moderate quality of evidence. The remaining mental health
outcomes of coping, quality of life, and overall health did not
show statistically significant differences between groups. Four
of the 6 mental health outcomes of interest included only 1
study. No heterogeneity was detected for the mental health
outcomes.

For studies that examined information or education plus PPS,
there were no differences between intervention and control
groups for any of the mental health outcomes in which there
were dataincluding depression, stressor distress, quality of life,
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and overal health. For studies that included information or
education plus PFPS as the intervention, results showed a
beneficia mean decrease of 0.34 points (95% Cl —0.63t0—-0.05)
for depression and a beneficial mean decrease of 0.36 points
(95% CI -0.66 to —0.07) for anxiety among caregivers,
compared to minimal or no internet-based intervention. The
quality of evidence for each of these outcomes was moderate.

For studies that examined the intervention of information or
education plus combined peer and professional psychological
support, results showed a beneficial 1.25-point mean increase
for overall health (95% Cl 0.24 to 2.25) among caregivers,
compared to no or minimal internet-based intervention; however,
this result was based on 1 study with an overall sample size of
less than 20 caregivers and consequently very low quality of
evidence. The remaining outcomes showed no differences
between groups. There were no differences between groups for
the intervention of information or education with telephone
monitoring plus combined peer and professional psychological
support for the outcome of quality of life. No other mental health
outcomes were reported for this type of intervention. See
Multimedia Appendix 5 for the full GRADE assessment details.

JMed Internet Res 2018 | vol. 20 | iss. 7 [€10668 | p.41
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Sherifali et &

Figure 2. Risk of biasfor theincluded studies. U: unclear bias (yellow); L: low risk of bias (green); H: high risk of bias (red).
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Table 1. Summary of effectiveness of any internet-based interventions.

Incomplete
Outcome
Data

Other
Bias

Selective
Reporting

Mental health outcomes Number of studies Intervention/control Estimate standard mean |2 (gy) GRADE?quality assessment
difference (95% ClI)

Depression 8 407/422 -0.19(-043t00.05)  59° Very low

Stress or distress 6 288/297 —0.48 (-0.75t0-0.22) 49° Low

Anxiety 2 240/239 -0.40(-058t0-0.22) 0 Low

Coping 2 199/204 -001(-020t00.19) 0 Very low

Overal mental health 1 45/52 —0.29 (-0.691t00.11) — Very low

Quality of life 4 102/117 0.01 (-0.49 to 0.51) 68° Very low

Overall health 2 34/34 0.35 (~1.30 to 2.00) 8gP Very low

3GRADE: Grading of Recommendations Assessment, Development, and Evaluation.
bstatistically significant heterogeneity (P<.10).
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Table 2. Summary of effectiveness of types of internet-based interventions.
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Mental health outcomes Number of studies I ntervention/control Estimate standard mean |2 (o) GRADE?quality assessment
difference (95% ClI)
Information or education
Depression 2 196/206 —0.31 (-0.50t0 -0.11) 0 Moderate
Stress/distress 2 196/206 -0.57 (-0.77 t0 -0.37) 0 Moderate
Anxiety 1 150/149 042 (-065t0-0.19) — Moderate
Coping 1 150/149 0.00 (-0.23t0 0.23) — Low
Overal mental health 1 45/52 —0.29 (-0.691t0 0.11) — Very low
Quality of life 1 46/57 0.33(-0.06t0 0.72) — Very low
Overall health 1 25/24 -044(-101t00.13)  — Very low
Information or education + PPS?
Depression 2 55/55 -0.11 (-0.48100.27) 0 Very low
Stresg/distress 2 52/56 —0.46 (—1.41 to 0.50) 83° Very low
Quality of life 1 21/25 -0.36(-095t0022)  — Very low
Overadl headlth 1 25/24 —0.44 (-1.01t0 0.13) — Very low
Information or education + PFPSY
Depression 1 90/90 —0.34 (-0.63 to —0.05) — Moderate
Anxiety 1 90/90 -0.36 (-0.66t0-0.07) — Moderate
Information or education + combined PPS + PFPS
Depression 3 66/71 -0.11 (-1.01 t0 0.78) 83°¢ Very low
Stress/distress 2 40/35 —0.30 (-1.05 to 0.44) 61¢ Very low
Coping 1 49/55 —0.03(-0.41 0.36) — Very low
Overall mental health 1 45/52 —0.29 (-0.69t0 0.11) — Very low
Quality of life 1 18/20 0.55 (-0.10to0 1.20) — Very low
Overall health 1 9/10 1.25 (0.24 to 2.25) — Very low
Information or education + telephone monitoring + combined PPS + PFPS
Quality of life 1 17/15 -0.60 (-1.31t0 0.11) — Very low

3GRADE: Gradi ng of Recommendations Assessment, Devel opment, and Evaluation.

bpps; peer psychosocial support.
Cstatistically significant heterogeneity (P<.10).
dpFPS; professiona psychosocia support.

Discussion

Principal Findings

Our systematic review and meta-analysis showed small to
moderate beneficial effects of internet-based interventions on
caregiver mental health including a reduction in symptoms of
depression, stress or distress, and anxiety. The types of
internet-based interventions that appeared to have a beneficial
effect on mental health included information or education only
on decreasing depression, stress or distress, and anxiety and
information or education plus PFPS on reducing depression and
anxiety. Critical appraisal determined awiderange of the quality
of evidence but included a moderate quality of evidence for a
modest effect size for a beneficial effect among the 2 specific
types of internet-based i nterventions of information or education
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only and information or education and PFPS. Additional benefits
were shown for the internet-based intervention of information
or education plus combined peer and psychologica support
when it cameto overall health among caregivers; however, this
was based on asmall sample size (<20) and avery low quality
of evidence.

Accounting for the type of internet-based intervention revealed
additional trends not shown when al types of internet-based
interventions were combined. The results showed an
approximate 20% increase in the magnitude of effect for stress
or distress and an information or education only internet-based
intervention among 2 studies, compared to when al 6 studies
on stress or distress were combined. Symptoms of depression
were improved for an information or education only
internet-based intervention as well as for an information or
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education plus PFPS internet-based intervention, not shown
when all 8 studies on depression were combined.

Based on the detailed critical appraisal and quality assessment
of included studies, there are a number of possible reasons that
consistent findings across the mental health outcomes were not
shown. According to the GRADE scores, the quality of evidence
was poor for anumber of the outcomes examined, and none of
the outcomes was rated as having high-quality evidence. This
may reflect, in part, this new and evolving area of focus and the
resulting lack of consistency across studies—for example, not
all studies examined the mental health outcomes of interest,
there was variability in the measurement tools used to assess
the different mental health outcomes, the care recipients across
studies differed, and too few studies examined the different
types of internet-based interventionsresulting in small numbers
of studies for some outcomes. No differences were noted for
multicomponent internet-based interventions on coping and
overall mental health sincethese outcomeswere only examined
in afew studies. No differences were noted for quality of life
perhaps due to small sample sizes and differences in types of
interventions. Studiesincluded in the subgroup analyses by type
of internet-based intervention were judged to be predominately
of low to very low quality of evidence suggesting a number of
methodological limitations. Four studies had high risk of bias
in the area of incomplete outcome data; 3 studies had high risk
of bias for blinding of outcome assessment; and 2 studies had
high risk of bias for seguence generation, allocation
concealment, and blinding of participants or providers.

There were also many areas where risk of bias could not be
assessed dueto lack of information in the published papers. For
example, risk of biasrelated to all ocation conceal ment wasrated
as unclear in 11 of the 13 interventions assessed. Risk of bias
related to blinding of participants and providers was rated as
unclear in 9 of the 13 interventions examined. Risk of bias
related to blinding of outcome assessors was rated as unclear
in 7 of the interventions examined. The provision of more
detailed information about trial procedures using the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines for nonpharmacological interventions [48] would
enable more accurate assessments of studies for bias and may
over time help to elevate the quality of evidencein thisarea.

We examined the best studies (those with low risk of bias)
[35,37,42] to see if there were further insights to be gained.
These studies all demonstrated beneficial effects on mental
health outcomes: depression [35,42], anxiety [35], stress[37],
and quality of life [37]. However, they included quite different
types of internet-based interventions. Blom’s [35] information
or education plus PFPS intervention, targeted at caregivers of
persons with dementia, included both a Web-based 8-week
course and coaching, monitoring, and evaluation provided by
a psychologist. Hattink’s [37] information or education plus
PPS intervention, also targeted at caregivers of persons with
dementia, included a personalized training portal and 2 to 4
months of course materials, interactive exercises, and connection
with a Facebook community. Smith's [42] information or
education plus combined peer and professional psychosocial
support intervention, targeted at spousal caregivers of stroke
survivors, involved an 11-week educational program supported
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by an experienced cardiovascular nurse manager. These
interventions had a lengthier intervention period than some of
the other studies, 2 of these studies involved professional
support, and 1 involved connections with other caregivers. It is
possiblethat these intervention components hold more promise
for improving mental health outcomes of caregivers.

Despite significant findings across arange of evidence quality,
the intervention mechanism by which improvementsin mental
health were achieved is still not clear. The interactivity of the
information or education only internet-based interventions may
have contributed to our significant findings as previously shown
by Guay et a [20]. The previously shown important role of
human support [20] was variable in our findings, with a
beneficial effect shown for the addition of professional
psychological support only. It may be that the needs and
experiences of the caregiverstargeted in these multicomponent
interventions are so diverse that the potential impacts of
internet-based interventions are not realized. A theoretical basis
for internet-based interventions [20,49] has shown to be
impactful, and a number of our included studies reported using
theory to develop their interventions [36,42,47]. Many
interventionsincluded behavior change techniques such as stress
management [34,41], problem solving [35], and graded tasks
[37], which may have contributed to significant findings. The
most efficacious interventions included caregivers and care
reci pientswho were homogeneous, with caregivers characterized
as being mostly older female adults and care recipients being
those living with some form of dementia [35-38,41,44,45].
Internet-based interventions, when designed with the target
populations in mind, may be more likely to demonstrate a
beneficial effect on the mental health of caregivers.
Internet-based interventions being developed for caregivers
should have a strong theoretical basis [50] and incorporate
behavior change techniques, particularly those aimed to help
manage stress and enhance coping.

Strengthsand Limitations

This review summarizes the most relevant trial evidence
available to assess the benefits of internet-based interventions
on caregiver mental health outcomes. All of the available
evidence was published between 2005 and 2017, with more
literature published recently (from 2013 to 2017), emphasizing
the growing interest in internet technol ogy to support caregivers.
However, the review identified that the overall quality of
evidence ranged from very low to moderate quality. To our
knowledge, thisisthefirst systematic review and meta-analysis
examining theimpact of internet-based interventions on mental
health outcomes of caregivers of adultswith chronic conditions
living in the community. Although thisis an emerging field in
theliterature, our review set out an apriori selection of rigorous
methodological designs, including RCTs and CCTs. This
systematic review and meta-analysis was completed with a
comprehensive search strategy developed to identify relevant
and on-topic literature pertaining to internet-based interventions
on informal caregiver mental health outcomes. The review was
conducted using methodologically rigorous processes for
systematic reviews and meta-analyzed the data using appropriate
methods for combining studies that used different outcome
assessment tools.
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The limitations of the review include the methodological
weakness of the studiesincluded, despite being RCTsand CCTs.
Therewas considerable heterogeneity in the interventions across
studies. Therefore, we analyzed theimpact of theinternet-based
interventions according to the components of the interventions
to understand the impact of these components; however, there
were too few studies having used each type of internet-based
interventionsacrossall of the mental health outcomes of interest.

Conclusions

This is the first meta-analysis of the impact of internet-based
interventions for informal caregivers of adults with chronic
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conditions on caregiver mental health outcomes. The findings
suggest there is an emergence of literature pertaining to
internet-based interventions for informal caregivers examining
the impact on mental health outcomes. However, future large,
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reported outcomes of mental health using standardized
assessment tools to facilitate meta-analysis and an assessment
of clinical relevance are needed to further inform the
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care provider support.
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Abstract

Background: Patient-initiated partner notification (PN) following the diagnosis of a sexually transmitted infection isacritical
component of disease control in men who have sex with men (M SM) sexua networks. Both printed and internet-based technol ogies
offer potential tools to enhance traditional partner notification approaches among MSM in resource-limited settings.

Objective: Thisrandomized controlled trial aimed to evaluate the effect of 2 different PN technologies on notification outcomes
following syphilis diagnosis among MSM in Peru: a Web-based notification system and patient-delivered partner referral cards.

Methods: During 2012-2014, we screened 1625 MSM from Lima, Peru, for syphilis infection and enrolled 370 MSM with
symptomatic primary or secondary syphilis (n=58) or asymptomatic latent syphilis diagnosed by serology (rapid plasmareagin,
RPR, and Microhemagglutination assay for Treponema pallidum antibody; n=312). Prior to enrollment, potential participants
used a computer-based self-interviewing system to enumerate their recent sexual partnerships and provide details of their 3 most
recent partners. Eligible participants were randomly assigned to one of 4 intervention arms: (1) counseling and patient-initiated
Web-based PN (n=95), (2) counseling with Web-based partner notification and partner referral cards (n=84), (3) counseling and
partner referral cards (n=97), and (4) simple partner notification counseling (control; n=94). Self-reported partner notification
was assessed after 14 days among 354 participants who returned for the follow-up assessment.

Results. The median age of enrolled participants was 27 (interquartile range, IQR 23-34) years, with a median of 2 partners
(IQR 1-5) reported in the past month. Compared with those who received only counseling (arm 4), MSM provided with access
to Web-based partner notification (arms 1 and 2) or printed partner referral cards (arms 2 and 3) were morelikely to have notified
one or more of their sexual partners (odds ratio, OR, 2.18, 95% CI 1.30-3.66; P=.003 and OR 1.68, 95% Cl 1.01-2.79; P=.045,
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respectively). The proportion of partners notified was al so higher in both Web-based partner notification (241/421, 57.2%; P<.001)
and referral card (240/467, 51.4%; P=.006) arms than in the control arm (82/232, 35.3%).

Conclusions: Both new Web-based technologies and traditional printed materials support patient-directed notification and
improve self-reported outcomes among MSM with syphilis. Additional research is needed to refine the use of these partner
notification tools in specific partnership contexts.

Trial Registration: ClinicalTrials.gov NCT01720641; https://clinicaltrials.gov/ct2/show/NCT01720641 (Archived by WebCite
at http://lwww.webcitation.org/70A89rJL4)

(J Med Internet Res 2018;20(7):€232) doi:10.2196/jmir.9821
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Introduction

Initially developed in the 1930s as a technique for syphilis
control in the United States, notification of sexual partners
following the diagnosis of asexually transmitted infection (ST1)
remains central to effortsaimed at controlling the spread of HIV
and other STIsin at-risk populations[1]. By retracing existing
transmission pathways, partner notification (PN) offers the
possibility to target efforts to the specific sexual networks
structuring the spread of disease in a population [2,3].
Partner-based strategies also provide an opportunity to access
individuals and sexual networks that remain unaccessed by
traditional HIV or STI education and prevention interventions,
such as men who have sex with men (MSM) but do not identify
as gay or hisexual [4-6]. The recent resurgence in syphilis
infection among MSM in the United States and Europe (and
the persistently high prevalence of syphilisin the global South)
highlights the importance of developing and refining
partner-based efforts to identify and treat syphilis transmission
networks in high-risk populations [7-9].

Inthefield of PN, 3 different typesof notification are commonly
recognized: (1) provider-initiated notification, in which
professional counselors and newly diagnosed individual s work
together to identify and notify recent partners, (2)
patient-directed notification, in which the index case is
encouraged to independently notify their partners after a brief
counseling intervention; and (3) contract notification, in which
theresponsibility for notification shiftsfrom patient to provider
after a specified time period [10]. While provider notification
is generally more effective than patient-directed efforts,
resource-limited health systems in low- and middle-income
countries (LMIC) often lack the personnel necessary to conduct
detailed contact-tracing studies and so depend primarily on
patient-based notification [11-14].

To characterize patient-initiated notification systems, Ferreira
et a differentiated between simple and enhanced patient referral
[1Q]. In the simple patient referral, PN is encouraged through
professional counseling at thetime of diagnosisthat emphasizes
the importance of notifying recent partners. In the enhanced
referral, supplementary tools, including educational video- and
theory-based counseling interventions, patient-delivered partner
treatment, referral cards, or Web-based notification tools, could
be used to motivate and support patient-directed notification
efforts [15-18]. Although these standardized categories have
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formed the central paradigm for PN research, additional research
is needed to address overlap and intersection between different
methods of notification in real-life clinical populations.

Previously, printed partner referral cards have been used in
various circumstances and appear to be effective in promoting
notification within heterosexual partnerships[19,20]. However,
evidence of the effect of referral cards in developing country
settingsis limited, and their use within MSM partnerships has
not, to our knowledge, been evaluated in any previous
randomized controlled trials (RCTs) [21-23].

Data the on the use of internet-based PN systems is mixed.
Surveysof ST clinic patientsin the United Statesand Australia,
aswell asMSM internet usersin the United States, have found
high levels of acceptability for Web-based notification systems
[24-26]. In Europe and Australia, provider-managed internet
notification has also been found to be useful in supporting PN
during routine clinical practice [27-29]. In our recent study of
STl-diagnosed MSM from Lima, Peru, the availability of a
website that could deliver anonymous notification messages
was expected to significantly increase the notification among
men who were expected to not inform their partners under
existing conditions [30]. In contrast, previous studies from the
United States assessing public awareness and the actual use of
PN websites among community-based samples of MSM, as
well asmale and femalevisitorsto ST clinics, found low levels
of penetration into these target populations [31,32]. The only
RCT data on the effectiveness of Web-based PN among MSM
comes from an incomplete study in Seattle (Washington, USA)
that found poor uptake and low levels of acceptability among
potentia recipients of Web-based notification messages [33].
To the best of our knowledge, no other study has conducted
head-to-head comparisons of Web-based systems with other
PN technologies [34].

To addressthisgap in knowledge, we assessed the effect of new
and traditional PN technologies on self-reported PN outcomes
among M SM recently diagnosed with syphilisinfectionin Lima,
Peru. While the Peruvian Ministry of Health maintains detailed
guidelines for managing sexual partners of individuals with
syphilis (including provider counseling, distribution of referral
cards, and home treatment visits for partners of pregnant
women), these services are delivered inconsistently in practice
[35,36]. The deficiencies of existing partner management
systems in Peru can be seen in the findings from a previous
study where after 1 year, only 41% of individualswith syphilis

JMed Internet Res 2018 | vol. 20 | iss. 7 |€232 | p.50
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.9821
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

infection had notified any of their partners and 43% had been
reinfected after the confirmation of cure[37,38]. We conducted
afactorial, RCT to compare the effect of printed partner referral
cards and/or access to a Web-based notification system against
standard counseling on self-reported PN outcomes among M SM
in Lima, Peru, with untreated syphilis infection.

Methods

Study Design

Between November, 2012 and July, 2014, we conducted a
four-arm, factorial RCT (NCT01720641) to assess the effect of
new PN tools on notification outcomes among MSM in Lima,
Peru, with untreated syphilis infection. The 4 arms included
were (1) printed referral cards; (2) Web-based PN; (3) both
printed referral cards and Web-based notification; and (4)
control (standard of care) counseling procedures.

Screening Procedures

Potential participantswere recruited from both community and
HIV or STI clinic sites by the staff of the Asociacion Civil
Impacta Salud y Educacion (Lima, Peru). Both men and
transgender women (TW) who reported anal intercourse with
at least one male or transgender female partner in the previous
6 months were invited to participate in an STl screening
protocol. Participants in the screening study completed a
computer-assisted self-administered (CASI) survey that
addressed demographic characteristics, history of HIV and ST,
alcohol and drug use, and sexual network characteristics, as
well as attitudes, beliefs, and perceived community norms
regarding PN for HIV and STIs. The survey also asked for
detailed characteristics of participants 3 most recent sexual
partners, including each partner’s gender and sexual identity,
sexual practices performed with the partner during the last
encounter, and the likelihood of notifying the partner in the
event of an STI diagnosis. In order to assist with future recall
of partner data, participants were asked to identify each of these
3 partners with a nickname or other identifying characteristic
(eg, “the guy in the blue shirt from La Cueva”).

All participants underwent a physical examination to identify
signs of primary or secondary syphilis infection (painless
ulcerative lesions on oral, anal, or genital mucosa or macular
rash suggestive of secondary syphilis). Following the clinical
examination, participants blood samples were collected to test
for syphilisinfection using the rapid plasmareagin (RPR) assay
(RPRnosticon; Biomérieux) with microhemaggl utination assay
for Treponema pallidum antibodies (MHA-TP) confirmation
(MHA-TP; Organon Teknika) and seria dilution of positive
RPR titers. Although all participants were offered free HIV
testing, it was not required as a condition of enrollment. The
results of laboratory assays were provided within 2 weeks of
screening.

Participants with syphilis infection were treated according to
the stage of infection, as determined by a study physician
following the review of participants history of syphilis
infection, antibiotic treatment, and RPR titer(s). Cases of
symptomatic primary, secondary, and early latent syphilis
infection were treated with a single intramuscular injection of
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4.2 million units penicillin G benzathine. Conversely, cases of
asymptomatic late latent infection were treated with 3 weekly
injections of 2.4 million 1U penicillin G benzathine. However,
participants with newly diagnosed HIV infection were referred
to local HIV treatment centers for the initiation of free
antiretroviral therapy provided by the Peruvian Ministry of
Health.

Randomization and Enrollment

We enrolled MSM and TW diagnosed with untreated syphilis
(primary, secondary, or latent infection for which the treating
physician recommended antibiotic therapy). Participants with
symptomatic evidence of primary or secondary infection were
enrolled at the initial screening visit, while participants with
asymptomatic infection diagnosed by serology were enrolled
after receiving the results of their RPR or MHA-TP testing. All
participants provided signed informed consent for a study of,
“1f and how menwith an STI inform their recent sexual partners
of their diagnosis” Next, we assigned participantsina 1:1:1:1
fashion to one of the 4 study arms according to a predefined
400-subj ect randomi zation scheme generated by thefirst author
at the website (www.random.org).

Intervention and Control Procedures

Each randomization envelope contained an assignment to one
of the following 4 arms: (1) Web-based PN, (2) referral cards,
(3) combined referral cards and Web-based PN, or (4) control.
All alocation assignments were concealed in sealed, opaque,
sequentially numbered envelopes that were opened in a
numerical order by the study counselor at the point of
randomization. To ensure visual and physical consistency of
sealed randomization envelopes and to maintain conceal ment
prior to alocation, each envel ope wasfilled with awritten study
arm assignment, 1 PN counseling script, 5 partner referral cards
or blank sheets of paper of the same color and consistency as
thereferral cards, and 1 Web-based PN access card or a blank
note card of the same color and consistency. No deviation from
the sequential alocation order or wasting of randomization
envel opes was reported.

Randomization envelopesfor al 4 armsincluded astandardized
script that was read verbatim by the counselor. The counseling
script advised the participants about the importance of notifying
their recent partner of their STI diagnosis and informed them
of the availability of free testing and treatment resources at the
study website, aswell asat other area health centers. Participants
were also reminded that their safety was paramount and so they
should not attempt to notify any partner who might react with
violence or abuse.

Participants in the control arm did not receive any additional
counseling or PN tools. Participants in the referral cards arm
were provided with 5 printed cards to be delivered to a
maximum of 5 of their recent sexual partners. Each card
contained information about the symptoms and sequelae of
syphilisinfection, as well as the locations and operating hours
of local sites offering free or low-cost HIV and STI testing
services. Participants in the Web-based PN arm were read a
brief script describing the Web-based notification resources
availableat (URL :http://mww.inspot.org; Accessed: 2018-01-11)
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created by YTH, a nonprofit organization designed to use
technology to promote youth health and wellness. A Spanish
language “Peru” section of the inSPOT website was created
specifically for this study and not publicized outside of thetrial.
Website content was not modified after initiation of the trial.
In addition to providing anonymous PN messaging services,
the Peru section provided information on testing and treatment
resources available in major metropolitan areas of the country.
Participantsin the Web-based referral armswere provided with
a note card indicating the website address. Participants in the
combination referral cards/Web-based PN arm were provided
with both printed referral cards and access to the inSPOT
website using the methods described above.

Endpoint Assessment

Participants in all four arms were asked to return to the clinic
in 14-21 days for a follow-up evaluation. The prespecified
primary endpoint was self-reported PN. At the follow-up visit,
participants completed abrief CASI survey to assess how many
of their recent partners (from the 30 days before screening) had
been notified, as well as whether each of their 3 most recent
partners had been notified and received antibiotic treatment.
Participants were reminded of the total number of sexua
partners that they had reported at the baseline visit and asked
to quantify how many of these partners had been natified. To
assist with recall of data for the 3 most recent partners,
participants were reminded of the nickname or other identifying
characteristic they had assigned each partner, aswell as partners
gender and sexual identity. Furthermore, survey questions asked
whether each partner had been notified and used a4-point Likert
scale to assess the participants’ degree of certainty for whether
the partner had received the notification message, whether the
partner had sought HIV or ST testing, and whether the partner
had received any STI treatment. Operational statistics on the
use of the inSPOT.org website during the study period were
collected by the YTH staff.

Sample Size and Power Calculations

Sample size calculations were based on previous observational
studies of Peruvian men and women diagnosed with HIV or
STI [12,39]. Assuming a baseline frequency of 56% for
notification of any partner, a sample of 100 subjects per arm
was projected to have 80% power to detect a 20% increase in
the notification of any recent partner(s).

Statistical Analysis

For the preplanned primary analysis, we recategorized the study
arms asfollows: (1) Web-based PN (arms 1 and 2); (2) referral
cards (arms 2 and 3); and (3) control (arm 4). This approach
allowed usto maximize the use of limited resources by ng
two different PN tools within a single clinical trial design,
although it was not powered to assess for a synergistic
interaction between the interventions [40,41]. Descriptive
characteristicsfor each study arm were cal culated with medians
and interquartile ranges (IQRs) for continuous variables and
proportions for categorical variables. The proportion of
participants who reported notifying any recent partner was
calculated by the study arm. Next, ORs comparing “Web-based
PN versus control” and “referral cards versus control” were
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calculated with a logistic regression model. We calculated the
percentage of all partners, all male partners, stable male partners,
and casual male partnerswho were notified by dividing thetotal
number of partners reported per category by the number of
partners per category that was notified. Dueto the small number
of female partnersreported, femal e partnerswere excluded from
the analysis. Then, we compared the percentage of partners
notified in the “Web-based notification versus control” and
“referral cards versus control” using the Wilcoxon rank-sum
test. For analysis of data obtained from the participants’ 3 most
recent partners, we used a logistic generalized estimating
equation modd to assess the notification and treatment outcomes
for “Web-based notification versus control” and “referral cards
versuscontrol.” These outcomes specified (1) if the partner was
notified, (2) if the participant knows that the partner received
the message, (3) if the partner was known to have been tested
for HIV and other STls, and (4) if the partner was known to
have received antibiotic treatment (either delivered by the
participant or from another source). No interim analyses were
conducted. All analyseswereintention-to-treat, and all P values
weretwo-sided. All statistical analyseswere conducted in Stata
14.1 (StataCorp, College Station, TX, USA).

Human Subjects Protections

All study procedures were reviewed and approved by the
University of California, Los Angeles Office for Human
Research Participant Protection (institutional review board
#11-003105) and the Asociacion Civil Impacta Comite de
Bioetica (Certificate #0052-2012-CE) and were registered with
the Peruvian Instituto Nacional de Salud before the initiation
of any activities. All participants underwent separate informed
consent procedures for the screening and RCT protocols and
provided written informed consent for each protocol. The
clinical tria was registered with clinicaltrials.gov (Protocol
Number NCT01720641).

Results

Between November 2012 and June 2014, we screened 1625
individuals, of whom 537 were eligible for enrollment based
on results of the physical examination or syphilis serology
(Figure 1).

We noted signs and symptoms of primary syphilis in 36
individuals, whereas secondary infection was identified in 22
others. Of 479 MSM and TW with latent infection and positive
RPR and MHA-TP assays, 74 were diagnosed with apreviously
treated infection that did not require additional treatment, 64
did not return for their results, and 29 were enrolled in a
concomitant trial of expedited partner therapy for gonorrheaor
chlamydia infection [42]. We enrolled 370 MSM or TW with
recently diagnosed syphilis infection and randomly assigned
each to one of the following four arms: (1) standard counseling
or control (arm 1; N=94), (2) referral cards (arm 2; N=97), (3)
Web-based PN (arm 3; N=95), or (4) combination Web-based
PN and referral cards (arm 4; N=84). According to the
prespecified analysis plan, data from arms 2 and 4, as well as
arms 3 and 4, were combined into single arms (“referral cards’
and “Web-based PN,” respectively).
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Figure 1. Screening, enrollment, and follow-up (CONSORT) flowchart; Lima, Peru 2012-2014. MSM: men who have sex with men; RPR/IMHA-TP:
rapid plasma reagin/microhemaggl utination Treponema pallidum; GC/CT: gonorrhea/chlamydia; PN: partner notification; I TT: intention-to-treat.
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The median age of participantswas 30 yearsin the control group
and 27 years in the other two arms (Table 1). The majority of
participants had completed secondary school, as well as some
university education or technical training, and reported daily or
weekly internet use. The most commonly cited sexual identity
was “gay or homosexual,” with most participants describing
their role during intercourse as Moderno (versatile) or Pasivo
(receptive). Participants reported a median of 2 male or
transgender female sexual partners during the past 30 days.
Symptomatic syphilis was more frequently noted among
participants in the referral cards (38/181, 21.0%) than the
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Web-based PN (29/179, 16.2%) and control arms (14/94,
14.8%). Furthermore, the median RPR titer ranged from 1:16
in the Web-based PN arm to 1:32 in the other arms.

At 14-21 Days Follow-up, the proportion of subjects who
reported notifying any recent sexual partners of their diagnosis
was significantly lower in the Control arm (49/94; 52.1%) than
in both the Referral Cards (117/181; 64.6%; Odds Ratio and
95% Confidence Interval: 1.68 [1.01-2.79]) and the Web-based
PN (126/179; 70.4%; OR and 95% CI: 2.18 [1.30-3.36]) arms
(Table 2).
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Table 1. Baseline characteristics by randomization arms (N=370); Lima, Peru, 2012-2014. Arms 1 and 2: Web-Based partner notification (PN; N=179);
Arms 2 and 3: Referral Cards (N=181); Arm 4: Control (n=94).

Demographic

Arm 1: Web-based
PN only (n=95)

Arm 2: Referral cards+  Arm 3: Referra

Web-based PN (n=84)

cards only (n=97)

Arm 4: Control
(counseling; n=94)

Age (years), median (IQR?)
Education, n (%)
Primary school only
Incompl ete secondary school
Complete secondary school
University or vocational training
Sexual identity, n (%)
Heterosexual
Bisexual
Homosexual/gay
Trans
Other
| don’'t know
Sexual role, n (%)
Activo (Insertive)
Pasivo (Receptive)
Moderno (Versatile)
Other
| don’'t know
Number of sexual partners (past 30 days), median
(IQR)
Number of male partners
Number of female partners
Frequency of internet use, n (%)
Daily
Weekly
Monthly
L ess than monthly
Never
RPRP titer, median (IQR)
Symptomatic infection, n (%)
Primary syphilis
Secondary syphilis
Latent syphilis

27 (23-34)

2 (2.1%)
9 (9.5%)
20 (21.0%)
64 (67.4%)

3(3.2%)
13 (13.7%)
71 (74.7%)
2 (2.1%)

0 (0%)

6 (6.3%)

14 (14.7%)
28 (29.5%)
47 (49.5%)
4 (4.2%)

2 (6.3%)
2(1-3)

2(1-3)
0(0-0)

69 (72.6%)
17 (17.9%)
4 (4.2%)
3(3.2%)
2 (2.1%)

16 (8-64)

10 (10.5%)
3(3.2%)
82 (86.3%)

27 (23-35)

0 (0%)

9 (10.8%)
23 (27.4%)
52 (61.9%)

0 (0%)

25 (29.8%)
55 (65.4%)
1(1.2%)
1(1.2%)

2 (2.4%)

13 (15.5%)
21 (25.0%)
49 (58.3%)
1(1.2%)

0 (0%)
2(1-3)

2 (1-4)
0(0-0)

64 (76.2%)
17 (20.2%)
0 (0%)
1(1.2%)

2 (2.4%)

16 (8-64)

14 (16.7%)
2 (2.4%)
68 (80.9%)

26 (23-30)

0 (0%)

11 (11.3%)
25 (25.8%)
61 (62.9%)

2(2.1%)
22 (22.6%)
67 (69.1%)
0 (0%)
3(3.1%)
4(4.1%)

12 (12.4%)
35 (36.0%)
43 (44.3%)
3(3.1%)
4(4.1%)
3(1-5)

3(1-5)
0(0-0)

68 (70.1%)
18 (18.6%)
4(4.1%)
2 (2.1%)
5 (5.2%)

32 (8-64)

14 (14.4%)
8 (8.2%)
75 (77.4%)

30 (24-35)

2 (2.2%)

11 (12.1%)
24 (25.5%)
57 (60.1%)

3(3.2%)
20 (21.3%)
67 (71.3%)
2 (2.1%)

2 (2.1%)

0 (0%)

12 (12.8%)
22 (23.4%)
57 (60.6%)
2(2.1%)
1(1.1%)
3(1-5)

2 (1-4)
0(0-0)

69 (73.4%)
17 (18.1%)
3 (3.2%)
2 (2.1%)
3 (3.2%)

32 (8-64)

7 (7.4%)
7 (7.4%)
80 (85.29%)

3 QR: interquartile range.
bRPR: rapid plasmareagin.
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Table 2. Partner notification outcomes among men who have sex with men with recently diagnosed syphilis; Lima, Peru; 2012-2014.

Percentagewho notifiedany - oRra (9594 CI)
recent partners, n (%)

Percentagewho notifiedany OR (95% Cl)
recent partners (=1 recent
partner), n (%)

Arm 1: Web-based PNP only (n=95) 62/95 (65.2)
Arm 2: Referral cards only (n=97) 53/97 (54.6)
Arm 3: Referral cards and Web-based PN (n=84) 64/84 (76.2)
Arm 4: Control (n=94) 49/94 (52.1)
Arms 1+3: All Web-based PN (N=179) 126/179 (70.4)
Arms 2+3: All referral cards (N=181) 117/181 (64.6)

62/86 (72.1)

53/79 (67.1)

64/73 (87.7)
— 49/79 (62.0) —
2.18(1.30-3.66) 126/159 (79.2) 2.34(1.29-4.24)
1.68(1.01-2.79) 117/152 (77.0) 2.05(1.13-3.70)

30R: odds ratio. Arm 4: Control is the reference category for al ORs.
bpN: partner notification.

After excluding individuals who denied having any sexual
partners in the 30 days before enroliment, the strength of the
correlation between the intervention arm and the PN outcomes
increased further (referral cards OR 2.05, 95% Cl 1.13-3.70;
Web-based PN OR 2.34, 95% CI 1.29-4.24).

The proportion of participants’ 3 most recent partners who had
been notified was significantly higher among those assigned to
the referral cards (240/467, 51.4%; 95% CI 44.7%-58.1%;
P<.001) and Web-based PN (241/421, 57.2%; 95% ClI
50.5%-63.9%; P<.001) interventions than among those in the
control arm (82/232, 35.3%; 95% Cl 26.5%-44.1%; Figure 2).
This observed difference in self-reported notification outcomes
remained significant when limited to all male partners (P<.001)

and stable male partners (P=.01). Although the frequency of
notification for casual male partners was significantly higher
in both intervention arms, these differences did not attain
statistical significance (P=.16 and P=.54).

The availability of the intervention tools resulted in higher
reported frequencies of attempted notification, confirmed
notification, and partner STI testing for participants 3 most
recent partners, although none of these comparisons was
statistically significant (Figure 3). Furthermore, the frequency
of participant-reported partner STI treatment was highest inthe
Web-based PN arm; however, the proportion of partnersknown
to have received treatment was higher in the control arm than
in thereferral cards arm.

Figure 2. The proportion of all recent partners notified among men who have sex with men diagnosed with syphilisinfection; Lima, Peru 2012-2014.

PN: partner notification; *: Calculated using the Rank-Sum Test..
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Figure 3. Prevention cascade outcomes of 3 most recent partners of MSM diagnosed with syphilis infection; Lima, Peru 2012-2014. PN: patient
notification; STI: sexually transmitted infection. * Generalized Estimating Equation Model.
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T70%

20%

34.0% 37.8% 43.7% 33.0% 37.2% 40.3%
OR: 1.26* OR: 1.51 OR: 1.15 OR: 1.37

Cl: 0.81- 1.95 C1:0.97-2.34 Cl:0.72-1.85 Ci:0.89-2.11

Partner Notified Partner Notification Confirmed

Control

During the study period, the Peru section of theinSPOT website
received 183 unique visits. These visitors sent a total of 47
different e-card messages to 119 recipients (allowing for the
possibility of sending the same card to multiple recipients). No
episodes of interpersonal violence or partner abuse were reported
by study participantsin any of the arms.

Discussion

In this study, both new Web-based and traditional printed-media
notification toolsresulted in significant increasesin self-reported
PN outcomes compared with simple counseling. Peruvian MSM
with newly diagnosed syphilis who were randomly assigned to
receive printed referral cards and/or access to a Web-based
notification system were more likely to report that they had
notified at least one recent sexual partner and to report alarger
proportion of recent sex partners. While the greatest impact on
notification outcomes was observed among stable partners,
smaller increasesin notification were a so observed with casual
partners, particularly among participants randomly assigned to
receive access to the Web-based PN system. These findings
provide important data to guide globa STI control efforts and
suggest the potential importance of simple, inexpensive methods

http://www.jmir.org/2018/7/e232/

RenderX
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to promote patient-directed PN by MSM in resource-limited
settings.

To the best of our knowledge, this study is the first to provide
RCT evidence of the effectiveness of patient-controlled,
Web-based natification systems among MSM. The odds of
notifying arecent sexual partner of apotential syphilisexposure
were significantly higher among men who received access to
the PN website. Theseresults are consistent with findings from
our formative research and imply an absolute increase of 30%
in the proportion of stable male partners notified and 15%
among casual male partners[30]. A synthesis of this datawith
our formative research findings reveals that a positive effect of
Web-based systems on natification outcomes could be attributed
to multiple factors, including the availability of an anonymous
mechanism to notify partners of a potentially stigmatizing
diagnosis, the ability to contact partnersfor whom only an email
address is known, and the opportunity to replicate existing
methods of communication among young people aready
accustomed to communicating through Web-based networks
[39,43].

Although extensive research has been conducted on the effect
of printed referral cards for PN, this study is one of thefirst to
evaluate their use within MSM partnershipsin Latin America.
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Aswith Web-based systems, participants randomly assigned to
receive printed partner referral cards exhibited a higher
likelihood of notifying at least one partner and a considerably
larger proportion of al their recent partners. The observed effect
of referral card distribution was highest among stable male
partners, with only a minimal effect on the number of casual
male partners notified. These findings suggest that notification
tools, such as partner referral cards, could be the most valuable
in the context of established partnerships, where face-to-face
communication is more likely, as opposed to casual sexual
contacts where direct, in-person communication is often rare
or nonexistent. Taken together, our data support the routine use
of these simple, inexpensive tools as resources to enhance
patient-driven notification in LMIC settings or other contexts
where provider-guided notification programs are unavail able.

In contrast to the substantial impact of both intervention tools
on the frequency of notification and the proportion of partners
notified, data on more distal outcomes in the notification
cascade, such as partner testing and STl treatment, were
inconclusive. The assessment of outcomes limited to
participants 3 most recent sexual partners revealed a
nonsignificant increase in the participant-reported notification
and confirmation of notification, but minor, or even negative,
differencesin the frequency of partner STI testing and treatment
(as reported by participants). As this study was designed to
promote and assessonly theinitia step of notification, the small
number of partnersincluded in this section of the analysis and
the use of generalized estimating equation modeling to control
for multiple observations per participant islikely to have limited
our power to detect statistically significant differences. In
addition, the dissipation of the intervention effect observed as
we progressed through the partner management cascade might
reflect the participants inability to follow up on their
notification messages, particularly the ones sent to casual
partners through an anonymous, Web-based system. The lack
of an observed effect on downstream outcomes indicates the
need for additional interventionsto support partner management
outcomes throughout the partner management cascade,
beginning with natification and culminating with a linkage to
and retention in HIV or STI care [42]. While the preliminary
research on potential responses to hypothetical anonymous
notification messages among MSM in Peru indicated that the
recipients would be motivated to seek medical attention after
receiving an anonymous message, data from the United States
have suggested otherwise, and this study too did not collect any
partner-confirmed information on postnotification behavior
[33,43]. Additional research is needed to evaluate these
hypotheses and support both index cases and their partners
throughout the HIV or ST prevention and treatment process.

Thereare severa limitationsto be considered when interpreting
our findings. First, the fact that our data are based on
participants’ self-report, without independent confirmation by
sexual partners, increases the possibility that observed
improvements in notification might have been due to social
desirability bias in reporting. However, this bias would have

Clark et d

likely affected all arms of the study, resulting in atype Il error
in favor of the null hypothesis and thereby underestimated the
true impact of these notification tools. In order to minimize the
possibility of desirability bias, we enrolled participants using
standardized scriptsinforming them only that they wereinvited
to astudy of, “If and how men with an STI inform their recent
sexual partners of their diagnosis,” without specifying the
different intervention tools being evaluated. In addition, all
participants, regardless of the intervention arm, were read the
same standardized counseling script advising on theimportance
of notification and the availability of local testing and treatment
resources. Dueto thelack of independent partner confirmation,
dataon the more distal outcomesin the prevention cascade (eg,
partner testing and antibiotic treatment) are less reliable and
require further investigation with directly confirmed outcomes
to be validated. As we did not survey partners on notification
outcomes, we were unable assess the cross-contamination
between study arms and determine whether individual partners
received notification from multiple sources. Similarly, given
the relatively small sample size of this study, secondary
evaluations of participant- and partner-level factors that might
have modified the effect of PN technologies, including the
presence or absence of biological symptoms, new diagnosis of
HIV coinfection, and differences in the gender and sexua
identities of participantsand their partners, are beyond the scope
of the data presented. Finally, asfew TW were enrolled in this
study and few cisgender female partners were reported, we did
not have sufficient data to draw any conclusions regarding
notification by or to MSM and these other groups. Despite these
limitations, this study provides important preliminary data to
support research into new methods for PN following STI
diagnosis in resource-limited settings.

This study provides critical clinical trial evidence to support
the effectiveness of both new and traditional notification
technologies to support patient-directed PN among MSM with
syphilisin Latin America. Regarding the global resurgencein
the syphilis incidence within MSM sexua networks,
accompanied by endemic levels of transmission among MSM
in Latin America, thesetoolsoffer smple, inexpensive resources
that can dramatically affect the frequency of PN following
syphilis diagnosis. While provider-initiated notification by
dedicated health professionalsis highly effective in promoting
PN, testing, and treatment, several resource-limited health
systems lack the workforce to implement provider-based
notification systems. As a result, strategies to support
patient-initiated notification are critical to controlling the
disseminated syphilis epidemics that exist among MSM and
their male, female, and transgender partnersin Latin America.
Additional research is needed to explore partner responses to
patient-initiated notification messages and develop effective
interventions to support testing and treatment outcomes
throughout the partner management cascade. Both Web-based
notification systems and printed partner referral cards offer
simple, effective tools to support the first step in PN, testing,
and linkage to care cascade and can fill a unique and essential
niche for global HIV and STI prevention efforts.
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Abstract

Background: Internet-based cognitive behavioral therapy (iCBT) for child and adolescent anxiety has demonstrated efficacy
in randomized controlled trials, but it has not yet been examined when disseminated as a public health intervention. If effective,
iCBT programs could be a promising first-step, low-intensity intervention that can be easily accessed by young people.

Objective: The objective of our study was to examine the feasibility and acceptability of a publicly available online, self-help
iCBT program (BRAVE Self-Help) through exploration of program adherence, satisfaction, and changes in anxiety.

Methods: This study was an open trial involving the analysis of data collected from 4425 children and adolescents aged 7-17
yearswho presented with elevated anxiety at registration (baseline) for theiCBT program that was delivered through an open-access
portal with no professional support. We assessed the program satisfaction via a satisfaction scale and measured adherence via
the number of completed sessions. In addition, anxiety severity was assessed via scores on the Children’s Anxiety Scale, 8-item
(CAS-8) at four time points: baseline, Session 4, Session 7, and Session 10.

Results. Participants reported moderate satisfaction with the program and 30% compl eted three or more sessions. Statistically
significant reductions in anxiety were evident across all time points for both children and adolescents. For users who completed
six or more sessions, there was an average 4-point improvement in CAS-8 scores (Cohen d=0.87, children; Cohen d=0.81,
adol escents), indicating amoderateto large effect size. Among participants who completed nine sessions, 57.7% (94/163) achieved
recovery into nonelevated levels of anxiety and 54.6% (89/163) achieved statistically reliable reductions in anxiety.

Conclusions: Participant feedback was positive, and the program was acceptabl e to most young people. Furthermore, significant
and meaningful reductionsin anxiety symptoms were achieved by many children and adolescents participating in this completely
open-access and self-directed iCBT program. Our results suggest that online self-help CBT may offer afeasible and acceptable
first step for service delivery to children and adol escents with anxiety.

(J Med Internet Res 2018;20(7):6234) doi:10.2196/jmir.9211
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Introduction

Half of all lifetime mental health disorders begin before the age
of 14 years[1], highlighting theimportance of early intervention
as a strategy for promoting lifelong mental health. Anxiety is
one of the most common childhood mental health conditions,
with almost 7% of Australian children and adolescents aged
4-17 years meeting the criteria for an anxiety disorder [2,3].
Although anxiety disorders in youth lead to significant
impairment [4], they can be treated effectively using cognitive
behavioral therapy (CBT) [5]. Unfortunately, only 56% of young
people with mental disorders report having used servicesin the
previous 12 months, with only 2.2% accessing specialist child
and adolescent mental health care [2]. The pervasiveness of
anxiety and the noted barriers to treatment [6,7] highlight the
importance and potential value of evidence-based,
population-level early interventions.

The current Australian federal government recommendations
encourage primary prevention and early intervention acrossthe
life span through easy-to-accessfirst-line responses, particularly
for children [8]. They further propose the use of digital and
low-intensity mental health servicesto ensurethat all Australians
have access to care, before crisis, irrespective of their
geographical location [8].

BRAVE Sdf-Help is an online, open-access, self-help
intervention for child and adolescent anxiety that addressesthe
needs of anxious Australian youth using adigital, low-intensity,
and population-level model. The BRAVE Self-Help initiative
wasinitially supported by beyondblue and commenced in 2014,
offering an evidence-based, open-access, online program free
of charge to Australian young people and their parents. The
self-help program was adapted from BRAVE-ONLINE, a
10-session, internet-based CBT (iCBT) program implemented
with brief therapist support. The evidence base for the
therapist-assisted program is strong [9-12], and the program is
recognized internationally as the only “probably efficacious”
iCBT intervention for childhood anxiety [13]. Furthermore, the
program assists young people to develop strategies for
identifying and managing anxiety-provoking situations using
youth-friendly, engaging, and interactive Web-based sessions.
The objective of the current initiative was to examine its
feasibility and acceptability when disseminated nationally and
offered as an open-access, self-help, early intervention program
for young Australians without therapist support.

There has been relatively little research examining the
implementation of iCBT programs for child and adolescent
anxiety in real-world clinical and community contexts (eg,
outside university-based research trials); furthermore, there are
no formalized guidelines for a large-scale dissemination [14].
One small feasibility study has very recently been reported by
Jolstedt et a [15], where an evidence-based iCBT program for
anxiety was implemented in asmall sample (N=20) of anxious
children in an outpatient clinic in Sweden. The program was
delivered with therapist support (20 min/week) and included
both child and parent involvement. Overall, the program was
acceptable (moderate to high satisfaction) to young people,
parents, and clinicians, with participants completing, on average,
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6 out of 12 modules and half of the sample reaching at least
module 4 (exposure). Furthermore, young people showed
significant reductions in anxiety symptoms from pre- to
posttreatment (Cohen d=1.22). Thus, the study by Jolstedt et al
provided some preliminary support for the dissemination of
iCBT interventionsin real-world settings, although it waslimited
to a specific outpatient setting rather than national and open
dissemination and participants were required to meet strict
inclusion criteria. Thus, further research is required to
understand the feasibility of disseminating iCBT programs to
large groups of children and adolescents.

Despite substantial challenges involved in determining the
outcomes of an open-access, real-world service, we examined
the impact of the BRAVE Self-Help intervention through a
feasibility and acceptability approach. As the program was
developed and intended for youth with anxiety, we were
specifically interested in those children and adolescents who
reported elevated levels of anxiety at enrollment into the
self-help program. Our primary am was to determine the
feasibility and acceptability of BRAVE Self-Help when
disseminated nationally through open access. Specifically, we
evaluated the level of adherence to and satisfaction with the
program as well as the extent to which anxiety symptoms
changed over the course of the program for those with elevated
symptoms. We hypothesized that children and adolescents who
adhered to the program would show significant reductions in
their self-reported anxiety from baseline to Sessions 4, 7, and
10. We also expected high satisfaction among participants of
the program.

Methods

Participants and Procedure

Participants were 4425 anxious young people aged 7-17 years
(1473 children aged 7-12 years; 2952 adolescents aged 13-17
years) with mean (SD) age 12.95 (2.97) years; there were
66.39% (2938/4425) females and 31.77% (1406/4425) males,
and 1.84% (81/4425) participants identified as another gender
category. Interms of residence, 57.45% (2542/4425) participants
resided in major cities, with 23.35% (1033/4425) from Inner
Regional Australia, 11.21% (496/4425) from Outer Regional
Australia, and 2.55% (113/4425) living in remote or very remote
Australia (241/4425 [5.44%)] provided data that could not be
accurately coded).

All participants registered for the program through a website
accessible only to Australian families. Then, participants were
directed to the program in several waysthrough (1) self-referral
and internet searching, (2) referral from health or education
professionals, (3) links hosted on several Australian mental
health information sites (eg, Reach Out and Beacon), and (4)
direct links from the beyondbl ue and youthbeyondblue websites.
Through the beyondblue website, the BRAVE Program was
listed as a direct referral for young people who completed an
anxiety quiz and scored high on anxiety. In order to promote
awareness of the program, introduction letters, flyers, and
postcards were sent to schools and health and mental health
organizations as well as private practitioners nationwide. The
program was also presented at relevant conferences held for
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school counselors, psychol ogists, and teachers. Throughout the
2-year recruitment period, 28.67% (1269/4425) of participants
werereferred by school-based professionals, 13.36% (591/4425)
by external health professionals, 10.85% (480/4425) by a parent
or family member, 8.48% (375/4425) through beyondblue, and
9.94% (440/4425) through internet searching, with theremaining
(28.70%, 1270/4425) participants finding the program through
other means (eg, word-of-mouth, radio, magazine, and
advertisements). With respect to the participants referred from
health professionals, 13.96% (80/573) were referred by their
genera practitioner, 55.67% (319/573) by a psychologist, and
9.60% (55/573) by a social worker, with the remaining
participants referred by other health professionals.

To beincluded in this study, participants were required to have
enrolled in the BRAVE Self-Help program between July 1,
2014, and June 30, 2016. We monitored the program progress
for participants through to November 17, 2016. All participants
(including those registered at the end of the recruitment period)
were monitored over a 20-week period, which was sufficient
to complete the ten sessions. Participants who were enrolled
outside of the 2-year recruitment period were excluded from
this study. Asthisonline program is open-access, young people
do not need areferral to register and begin the sessions. Besides,
there are no set inclusion criteria for enrollment in and access
to the program, and thus, users are able to access the program
for prevention, early intervention, or treatment purposes. When
registering, users are not required to demonstrate symptomatic
levels of anxiety, and the program is completely open access
and self-sought. In this study, however, participants were
included only if they demonstrated elevated anxiety at the
baseline above a predetermined criterion (=84th percentile or
T-score =60 on the Children's Anxiety Scale [CAS-8]; see
below). The progression of participants from registration through
the study, with reasons for exclusion is presented in Figure 1.

There are two versions of the program, one for children aged
7-12 years and another for teenagers aged 13-17 years
participants selected which version they wish to complete.
Informed consent (and parental consent in the case of children
aged <16 years) was required prior to beginning the program,
and it was obtained during the Web-based registration process.
Participation was voluntary, and young people were made avare
that they could cease using the program at any time, without
consequence. The study protocol approval was obtained from
the ethics committees of the University of Queensland (UQ),
University of Southern Queensland, and Griffith University.
Furthermore, datawere stored on secure servers hosted by UQ.
Participants were not provided with any reimbursements for
participation.

Clinical Intervention

The BRAVE-ONLINE program for youth anxiety when
delivered with minimal therapist assistance has been described
elsewhere [10-12,16]. For this study, the program content
(modules) remained the same as for the therapist-assisted
program (including 10 interactive Web-based CBT sessions),
although minor adaptations were made to the presentation of
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material to facilitate the learning and implementation of the
complex CBT strategiesin the absence of atherapist. Volunteer
young people from the target age groups were included in the
development process, providing feedback on thelook, feel, and
functionality of the key added components (eg, relaxation room
and exposure hierarchy tool) through two iterations. In addition,
an expert advisory panel comprising the research team, two
expert advisors, stakeholder representatives, and two youth
advisors provided feedback throughout the development and
delivery process.

In addition to the removal of any therapist contact, the following
changeswere madeto the existing intervention. First, we created
a new infrastructure to surround the existing program and
provide clearer navigation to resourcesfor users. Thisincluded
additional home pages, new graphics, demonstration videos,
frequently asked questions, and dedi cated sectionsfor resources
and key program components (eg, rel axation room and exposure
section). Second, we integrated relaxation activities into the
program via the dedicated relaxation room, where users could
live stream relaxation or download relaxation recordings (or
transcripts) to add to their music libraries. Third, the exposure
hierarchy (BRAVE ladder) was integrated into the new home
page infrastructure in a dedicated section and additional tools
were created to ensure that young participants were ableto build
their exposure hierarchy effectively without a therapist. This
included easy creation of stepsand rewards, the ability to move
steps around, and the capacity to check-off stepswhen compl ete.
Fourth, in addition to the already included automatic email
reminders and session completion messages, the self-help
program also included automatic alert messages that were sent
to the usersif they reported anxiety scoresin the clinical range.
Finally, weintegrated a self-registration system into the program
that required young people to register for the program and
provide a contact email address and name or pseudonym.
Registration also included the provision of consent and an
explanation of the monitoring and reporting features included
in the program. All users were able to first trial the programin
a20-minute guest access before registering. Young people were
ableto register for and complete the program on their own, via
a personal computer or mobile device. Program sessions were
conducted in aprescribed sequence, athough participants could
progress at their own pace. Furthermore, automatic email
reminders were sent if participants had not completed the next
session within 1 week.

M easures

In thisstudy, we aimed to disseminate the intervention aswidely
aspossibleon anationa scale; thus, weimplemented assessment
procedures conducive to this goal. The advisory committee
identified administering an exhaustive assessment battery as a
potential deterrent for young peopl e registering and completing
the program in this self-directed manner. Thus, to minimize
participant burden and the potential barriers to participation,
we administered a limited assessment battery, including one
brief measure of anxiety, aong with basic demographic
characteristics and a brief satisfaction scale.
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Figure 1. The progression of participants through the program. CAS-8: Children’s Anxiety Scale, 8-item.
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Demographics

Demographic data (eg, age, gender, and postcode) were collected
when participants created their account to access the program.
Postcodes were categorized according to the Australian Standard
Geographic Classification system [17] and coded into Mgjor
City, Inner Regional, Outer Regional, Remote, and Very
Remote. For the purpose of categorical analysis, these categories
were coded into Major Cities and Outside Major Cities.

Anxiety

We measured anxiety symptom severity using CAS-8 [18], an
8-item scal e adapted from the Spence Children’s Anxiety Scale
[19], assessing child anxiety symptoms on a 4-point scale
(O=Never, 3=Always). The CAS-8 has demonstrated good
reliability and provides population-level, gender-standardized
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normsfor comparison [18]. Scores of >84th percentile (ie, above
aT-scoreof 60: CAS-8 score=10for malesand =12 for females)
are considered indicative of elevated anxiety, while scores of
>94th percentile (ie, above a T-score of 65: CAS-8 score 213
for males and =16 for females) are considered representative
of clinical levelsof anxiety. In this study, participants completed
the CAS-8 prior to beginning the program (baseline) and at the
beginning of Sessions 4, 7, and 10 (ie, after completion of
Sessions 3, 6, and 9). In addition, the CAS-8 was integrated
into the program such that it was conducted before the
participant could progress with the session. The internal
consistency of the CAS-8 for data collected throughout this
program was 0.85.
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Adherence and Satisfaction

Session completion (adherence) was operationalized as the
number of program sessions completed and was automatically
recorded by the program. We measured both satisfaction and
acceptability via a 5-item scale based on a satisfaction
guestionnaire administered in previous trials of the BRAVE
Program [10,11]. Satisfaction data were measured at the same
time points as the CAS-8 and were examined based on the
responsesto thefinal (latest) satisfaction assessment compl eted
by each participant. In addition, participants were required to
respond to items assessing whether they would tell a friend
about the program (Item 1), how helpful the program was (Item
2), how happy they were with the program (Item 3), how much
the program helped to reduce their anxiety (Item 4), and overall
judgment of the program (Item 5). Responses to the 5 items
were provided on a5-point Likert scale, with responsesfor item
1 scored as 1=Definitely Not, 3=Maybe, and 5=Definitely Yes,
responses for items 2, 3, and 4 scored as 1=Not at all, 3=Quite
a bit, and 5=Very Much; and responses for item 5 scored as
1=Very Bad, 3=Okay, and 5=Very Good. We calculated the
mean item and mean total satisfaction scores. An additional
final item was included as a free-text, qualitative item asking
the participant to comment on anything el se about the program.
A sample of responsesto thisquestionis provided in the Results.

Safety Alerts

Given the self-help nature of thisintervention, the program was
designed to incorporate checks on anxiety, alerts regarding
participants who were experiencing high levels of anxiety, and
the provision of appropriate referral information. In this study,
any child or adolescent scoring in the clinical ranges of anxiety
at any assessment point was sent an automatic message that
alerted the person to his or her high score and encouraged him
or her to seek further support from additional sources, including
family, friends, and professional services. The message also
included contact details for crisis lines and services. We
calculated the proportion of children and adolescents receiving
email alerts at the four different assessment points.

Statistical Analysis

We used IBM Statistics 24 and MPlus 8 for statistical analyses.
Descriptive data for satisfaction item and total means were
evaluated and presented for the total sample as well as child
and adolescent subsampl es. Examples of feedback are provided
as well. Furthermore, descriptive data for program adherence
(number of sessions completed) were evaluated and reported
for thetotal sasmpleaswell as according to child and adolescent
samples. Interms of safety alerts, the proportion of participants
receiving email aertsat each time point was cal culated. Baseline
differences in anxiety severity, age, gender, and geographic
| ocation between the parti ci pants who compl eted less than three
sessions and those who compl eted three or more sessions were
examined using t tests and chi-sguare tests. Furthermore, the
relationship between program compliance and CAS-8 scores at
the final program attendance was expressed as a Pearson
product-moment correlation coefficient (r). Change in anxiety
was analyzed in three ways following recommendations for
determining therapeutic changes in child and adolescent
populations [20]. Given the lack of a control comparison
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condition, providing multiple inferences of the data through
different means allowed checks for common patternsin results
and increased confidence in the results observed.

First, we examined the mean changein raw anxiety scores across
the program. Following the procedure of Rickwood et a [21]
in their implementation evaluation of the headspace service,
analyses were first conducted with treatment “completers,” ie,
those who provided data at the relevant time points. Therefore,
to determine changesin anxiety scoresfrom baselineto Session
4, baseline to Session 7, and baseline to Session 10, separate
repeated-measures analyses of variance (ANOVA) were
conducted with individualswho had completed the onsand
the assessment measures up to that point. Given that users could
not befollowed up after they |eft the program, thelast data point
provided within the program represents a participant’sfina data
point. Analyses were also conducted based on the participants
baseline and final assessment points (last assessment completed)
to provide an overview of outcomes from the open-access
program irrespective of the amount of treatment completed. For
the majority of the sample, the final score was representative
of approximately three sessions completed. Furthermore, a
post-hoc power analysis revealed that the “ completer” sample
size for children (n=532) and adolescent (n=563) groups
provided the power of 1.00 in detecting the within-subjects
effect over four time points.

Given the large amount of missing data from participants who
failed to provide data at all four assessment points, we also
analyzed the full sample through latent growth curve modeling
(LGCM) to confirm the findings of the completer analysis.
LGCM is accepted as a suitable framework for use in the
evaluation of efficacy in psychological interventions [22] and
allows determination of whether the temporal trajectory from
the baseline to Session 10 is significant, using data from all
participants rather than just the treatment completers[22]. Time
was specified aslinear over the active treatment phase (baseline,
Session 4, Session 7, and Session 10) in the growth models, and
residual variances were held equal across time. Furthermore,
models werefitted with afull-information maximum likelihood
estimator using the Mplus 8 program [23]. We examined anxiety
symptom trajectories separately for child and adolescent
samples, in line with the repeated-measures ANOVA. For both
the ANOVA and growth curve models, results were converted
to standardized effect sizes (Cohen d).

The second method for analyzing changes in anxiety included
utilization of the Reliable Change Index (RCI) [24]. RCl isa
psychometric criterion that evaluates whether an individual
participant changes sufficiently on atarget measure (eg, CAS-8)
over time (eg, from baseline to Session 4) and whether this
change can be considered statistically significantly greater than
the difference that might have been expected due to
measurement error or unreliability [24]. In addition, RCI
assesses whether the difference between two scores is more
than a set level, determined by the product of the instrument’s
SD and reliability [24]. Changes in scores can subsequently be
categorized as “reliable improvement,” “no improvement,” or
“reliable deterioration.” Given thelack of acontrol comparison
condition in this study, RCI affords an opportunity to provide
more rigorous analysis of the data and to illustrate statistically
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reliable change at theindividual level for those participantswho
provided data at more than one time point. In this study, we
calculated reliable change scores for each participant using the
CAS8 and presented the proportion of participants
demonstrating reliable improvement, no improvement, or
deterioration for each of the time contrasts (baseline to Session
4, baseline to Session 7, and baseline to Session 10) outlined
above. Furthermore, RCI was estimated to be equivalent to a
4-point change for males and a 5-point change for femalesusing
reliability coefficients and gender-standardized norms for the
CAS-8 based on Australian school-aged youth [18].

The third method of assessing change in anxiety was through
examination of the proportion of individual youth cases crossing
the clinical threshold [20] into recovery at a group level. The
clinical threshold was deemed asa CA S-8 score>94th percentile
(ie, T-score of >65) based on a large-scale community sample
[18]. Of al participants, 51.32% (2271/4425; 632/1473 [42.91%)]
children and 1639/2952 [55.52%] adol escents) were categorized
asbeing abovetheclinical threshold onthe CAS-8 at enrollment.
The remaining 48.68% (2154/4425) of the sample met criteria
for “elevated” but not “clinical” levels of anxiety. We, therefore,
also examined the proportion of youth crossing from the
“elevated” threshold (84th percentile, T=60) to the
“nonelevated” range. All analyses are presented separately for
child and adol escent program users.

Results

Program Satisfaction

Using the last provided satisfaction scores for each participant,
the mean total satisfaction rating was 17.72 (SD 5.16) out of a
maximum 25. The mean satisfaction ratings for the individual
items are provided in Figure 2 for all participants and across
children and adol escents.

Figure 2. The mean satisfaction ratings for individual satisfaction items.
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In terms of the open feedback item, Figure 3 presents alist of
comments provided by a snapshot of participants.

Program Adherence

As indicated in Figure 1, only 24.75% (1095/4425) of the
participants who demonstrated elevated anxiety at registration
provided data at the second assessment point at Session 4 (and,
thus, had completed at |east three sessions). Participants who
completed three or more sessions were younger (mean 11.90
years, SD 2.88) than those completing less than three sessions
(mean 13.40 years, SD 2.89; Fj,453=252.68;, P<.001).
Furthermore, theformer showed lower baseline anxiety severity
(mean 14.86, SD 3.26), than the latter (mean 15.42, SD 3.40;
F1 4423=26.02; P<.001). In addition, the former were more likely
to be females (827/1341, 61.67%) than males (495/1341,
36.91%; X21,4344:22-4? P<.001) and other gender (19/1341,
1.41%) and were more likely toresidein major cities (741/1282,
57.80%) than in nonmetropolitan areas (541/1282, 42.20%,;

X°1.4184=6.8; P=.009).

Of note, alarge proportion of registered participants (958/4425,
21.65%) did not go on to complete the first session. A further
48.05% (2126/4425) of registered participants completed only
one or two sessions of the program. However, 30.31%
(1341/4425) participants went on to complete three or more
sessions, with 1095 of these providing assessment data for at
|east two time points. The average number of sessions completed
for all registered participants (including those who did not start
the program) was 2.21 (SD 2.44). Figure 4 provides a visua
summary of how many sessions were completed by all
participants who had registered for the program, including a
breakdown of sessions completed by children and adol escents.

Would you tell a friend about this program if they were worried or anxious?

|

3.53
3.68

How helpful is this program?

How happy are you with this program?

Itern

How much does this proegram help you to feel less anxious and worried?

COverall, | think this program is

o
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Figure 3. Feedback comments from participants.
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Feedback from participants

“Ilove how the program checks your understanding of
concepts by giving you fun quizzes and extra challeng-
es. | appreciate how | receive emails to remind me to

practice the skills | have leamt.”

“When | first started | didn't see the point and 1 didn't get
why they wanted me to do it but now | understand and get
why it helps a lot and I'm grateful that anyone even

ar

Cares...

“It isn't boring and it's quite fun but leaming fun”

“I know how to calm myself down now”

“I like the way they teach us step by step how to do

muscle relation™

“It needs to be personalized”

“This program is awesame and is helping me in class

and in frampolining™

“it's good for people whao never fell anybody things”

“It's a fun and helpful program™

“Too much writing, not encugh pictures™

“I always tell my mum or dad my problems, but writing

them down has helped”

“Sometimes it feels like school work with the regular up-

dates to continue through with the program™

“So far this program is really good, 'm personally gain-
ing a lot from it However i feel like some componen is

are a litHe childish, but thats okay.”

“The program may work for some and not for others, | have
found it helping me a little bit but then again | am only up to
part 4. So | hope it will help me feel less anxious around peo-

ple at schaol!™

“Is there an app | can use instead af the intemeE?”

“When | go on this pregram | g et braver and braver every

ar

time

“That it has given me the confidence | need to do things

“Lessons are too long”™

1find hard”

For those participants who provided at least two data points
(and, therefore, had completed at least three sessions), the
average number of sessions completed was 5.69 (SD 2.35) out
of 10. On average, child users completed 5.77 sessions (SD
2.45), while adol escent users completed 5.62 sessions (SD 2.25).
A significant negative correlation was evident between the
number of sessions completed and final CAS-8 scores (r=-.17,
P=.003), such that higher session completion correlated with
the lower final anxiety severity.
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Mean Changesin Anxiety

Changesin the CAS-8 score over time are provided for the child
program participants in Figure 5 and adolescent program
participants in Figure 6 (completer sample). These graphs plot
the mean CAS-8 scores at the four time pointsfor which anxiety
was assessed and relate to those individuals who were retained
in the program up to and including the session in which the
assessment was completed. Thus, the number of participants
present at each assessment point decreased as the number of
completed sessions increased, as described above.
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Figure 4. A visual summary of how many of the registered participants (N=4425) completed how many sessions of BRAVE Self-Help during the
20-week period (including participants who only provided one assessment point).
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Figure 5. Changes in the mean anxiety scores according to the number of sessions completed for child program users. CAS-8: Children’s Anxiety

Scale, 8-item.
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Figure6. Changesin the mean anxiety scores according to the number of sessions completed for adolescent program users. CAS-8: Children’s Anxiety

Scale, 8-item.
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The mean CAS-8 scores over time and the results of ANOVAS
and effect sizes are presented in Multimedia Appendix 1. We
observed significant reductions in anxiety from the baseline to
Session 4, baseline to Session 7, and baseline to Session 10 for
both children and adolescents. For users who completed six or
more sessions, we noted an average 4-point improvement in
CAS-8 scores (Cohen d=0.88, children; Cohen d=0.81,
adolescents), indicating a moderate to large effect size. The
mean change was dlightly less from the baseline to Session 4,
although till significant, and was greater for those who
completed the program up to the final Session 10 (see
Multimedia Appendix 1). Figure 7 showsthe changein CAS-8
scores for al participants from the baseline to their final data
point before ending their engagement with the program. Results
show that irrespective of the number of sessions completed,
young people showed a statistically significant average decrease
of around 3 points on the CAS-8 for both the child (Cohen
d=0.66) and adolescent (Cohen d=0.65) programs.

The results for LGCMs confirm the findings of the completer
sample and demonstrate that anxiety decreased significantly
over time. Estimated means, SDs, and effect sizesfor the CAS-8
in the child and adolescent samples are provided in Table 1.
Linear growth curve models were estimated to evaluate the
effect of time from the baseline to Session 10 on this anxiety
outcome measure. For children, a dtatistically significant
decrease was noted in anxiety from the baseline to Session 10
(B=—1.95; beta=-1.13; standard error [SE]=0.13; P<.001). In
the adolescent sample, likewise, a statistically significant

http://www.jmir.org/2018/7/e234/

== Completed Sessions 1-6

Session 7 CAS-8 Session 10 CAS-2

={fll— Completed Sessions 1-9

decrease was noted in anxiety from the baseline to Session 10
(B=-1.89; beta=-1.00; SE=0.13; P<0.001).

Reliable Change

The proportion of child and adolescent users demonstrating
statistically  reliable  (gender-adjusted)  improvement,
deterioration, or no change according to sessions completed is
presented in Multimedia Appendix 2. The percentage of youth
showing statistically reliable improvement increased as the
number of sessions completed increased, with no significant
differences between the proportions of children and adolescents
showing change. Across the entire sample, for those who
compl eted nine sessions (assessment compl eted at the beginning
of Session 10), 54.6% (89/163) demonstrated statistically
reliable improvement on the CAS-8, 40.5% (66/163) showed
no statisticaly reliable change, and 4.9% (8/163) showed
deterioration. For the entire sample, irrespective of the number
of sessions completed, by their final recorded assessment,
35.62% (390/1095) showed reliable improvement in anxiety,
59.91% (656/1095) showed no statistically reliable change, and
only 4.47% (49/1095) showed deterioration. Importantly, for
child participants, only a very small proportion showed
deterioration. Specifically, 4.32% (23/532), 3.63% (7/193), and
7.70% (7/91) of children showed deterioration after three, six,
and nine sessions, respectively. This figure was even lower for
adolescents, with only 3.20% (18/563), 4.88% (10/205), and
1.39% (1/72) showing deterioration after three, six, and nine
sessions, respectively.

JMed Internet Res 2018 | vol. 20 | iss. 7 [€234 | p.69
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

March et d

Figure 7. Changesin the mean anxiety scores from a user’s baseline to final CAS-8 score. CAS-8: Children’s Anxiety Scale, 8-item.
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Table 1. Estimated Children Anxiety Scale, 8-item, means, SDs, and effect sizes from growth curve analyses.
Group Baseline, mean (SD) Session 4 Session 7 Session 10
Mean (SD)  Cohen d? Mean (SD)  Cohen d” Mean (SD)  Cohen d°
Children 14.09 (3.06) 11.55(4.59) 0.60 10.24 (4.96) 0.82 957(5.17) 0.86
Adolescents 15.83(3.36) 13.51 (4.70) 0.60 1242 (5.47) 0.74 11.53(5.77) 0.89

3Effect size from the baseline to Session 4.
bEffect size from the basdline to Session 7.
CEffect size from the baseline to Session 10.

Proportion Crossing the Elevated and Clinical
Thresholds

The proportion of child and adolescent users crossing the
“elevated” and “clinical” thresholds at the different time points
(and according to sessions completed) is provided in Multimedia
Appendix 3. The change from elevated or clinical anxiety status
into nonelevated anxiety status is an indicator of recovery.
Similarly, the change from being above the clinical threshold
to elevated (but not clinical) is an indicator of response
(clinically meaningful improvement). The proportion of youth
demonstrating recovery or response on theseindicatorsincreased
as the number of sessions completed increased. For those who
completed six sessions (Session 7 assessment), 53.0% (211/398)
crossed from the “elevated” to “nonelevated” range (ie,
demonstrated recovery); this increased dightly to 57.7%
(94/163) for those who completed nine sessions. Across all
users, 53.88% (590/1095) showed a reduction from the
“elevated” anxiety rangeinto the “nonelevated” range from the
baseline to their fina CAS-8 score before ending their
engagement with the program, although a significantly greater

http://www.jmir.org/2018/7/e234/

proportion of children (325/532, 61.1%) than of adolescents
(265/563, 47.1%) showed thischange (x21,1095:21.64; P<.001).

For thosewho initially demonstrated “clinical” levels of anxiety,
59.1% (309/523) demonstrated an improvement into the
“nonclinical” range by their final recorded score. We observed
no differences in the proportion of children (134/217, 61.8%)
and adolescents (175/306, 57.2%) achieving this level of
improvement (x?=1.09; P=.30). As is evident in Multimedia
Appendix 3, of those who were initialy in the “clinical range’
of anxiety and who completed at least nine sessions of the
program, 52 of 74 youth (26/37 children; 26/37 adol escents) no
longer experienced clinical levels of anxiety. As demonstrated
in Multimedia Appendix 4, of those participants demonstrating
clinical anxiety at the baseline, 34 of 74 (17/37 children; 17/37
adolescents) reduced to the normal range of anxiety (recovered)
and 18 of 74 (9/37 children; 9/37 adolescents) reduced to the
elevated range (responded).
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Safety Alerts

The proportion of young people receiving email aerts for the
presence of clinical-level anxiety was higher among adolescents
than among children across al four time points and showed
reduction over time for both groups. At the basdine
(registration), 59.96% (1770/2952) of adolescents and 38.15%
(562/1473) of children received email aerts, with thisdifference
being statistically significant (X% 4425=187.5; P<.001). For
adol escents, this number dropped to 39.8% (224/563) for those
completing three sessions, 31.2% (64/205) for six sessions, and
29% (21/72) for nine sessions. For children, only 21.1%
(112/532) received email alerts after completing three sessions,
14.5% (28/193) after six sessions, and 16% (15/91) after nine
sessions.

Discussion

Study Objectives

This study reports on the feasibility and acceptability of afree,
self-helpiCBT intervention, offered nationally in Australia, and
highlights the potential benefits, yet significant challenges
evident, with this type of service delivery. The BRAVE
Self-Help initiative was designed to provide an evidence-based
intervention to anxious Australian children and adolescents
while minimizing user burden and barriersto receipt of treatment
(eg, cost, accessibility, stigma, and privacy). This study
examined the feasibility and acceptability of this approach by
evaluating satisfaction with, and adherence to, the program as
well as changes in anxiety symptoms. Although there was no
control comparison condition or trial methodology, the
methodological approach to analysis was comprehensive, with
data being collected on multiple occasions and the effects
assessed using multiple methods of evaluating changes in
anxiety. Furthermore, both satisfaction and adherence data
provided further information about the acceptability of the
open-access intervention.

I ntervention Acceptability

The BRAVE Sdlf-Help program is extremely comprehensive
asall specidlist techniques areincorporated into the content and
prominent examples and opportunities for skill rehearsal are
integrated within and between sessions. In addition, the content
isinteractive, engaging, and age appropriate, and our previous
research has demonstrated high consumer acceptability and
satisfaction [10,11]. Thus, it was not surprising to find moderate
to high satisfaction ratings reported by children and adolescents
participating in the BRAVE Self-Help program. Slightly lower
satisfaction ratings were reported by adolescents for all items,
although the ratings remained moderate overall. As a group,
participants were happy with the program, rated the overall
program highly, and would refer the program to afriend if he
or she experienced anxiety. Interestingly, satisfaction reported
by users of this self-help version of the program was highly
similar and in some cases, higher than that reported by youth
participating in the therapist-assisted version of the programin
our previousrandomized controlled trials (RCTs; child program,
mean satisfaction rating 3.6/5) [10] (adolescent program, mean
satisfaction rating 3.53/5) [11]. Thus, satisfaction was not
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diminished when delivered as a self-hel p, open-access program
with widespread dissemination.

Qualitative feedback indicated that many users were able to
obtain benefits from the program, and potential improvements
were noted by others. In particular, the intervention might
benefit from accompanying app-based features, either for the
entire program or for specific intervention components such as
exposure. Furthermore, when delivered in this self-directed
format, sessions might need further refinement to decrease the
length, increase the use of videos and acceptable graphics, and
reduce monitoring and reminder systems (unless requested, or
demonstrated as being important in stimulating engagement).
Interestingly, the need for sessionsto be personalized wasrai sed,
despitetheintervention being run as aself-help program without
any professional contact. Thus, there are opportunities to
implement innovative technol ogy-based methods for achieving
treatment personalization (eg, utilizing algorithms to present
personalized treatment content or messages based on previous
session responses) in such open-access, self-help online
interventions.

Degspite positive feedback and satisfaction with the program,
there was a noticeable variation in the degree of program
adherence across users. The fact that around 21% (958/4425)
of participants did not go on to complete any of the sessions
and afurther 48% (2126/4425) completed only two sessions or
less indicates that the program was either not acceptable or
potentially not useful to a substantial proportion of people.
These rates of session progression are not dissimilar to those
found in other large-scale, open-access eHealth interventions
such as MoodGym (in a sample of 82,159 participants, 63%
completed no modules, 27% completed only 1 module, and
10% completed 2 or more modules out of 5 modules) [25] or
even in face-to-face clinic service delivery contexts such as
headspace (mean sessions attended 4.1; 49% of patients
completing two or less sessions) [21]. Furthermore, in the only
existing implementation trial for childhood anxiety, Jolstedt et
al [15] reported an average adherence of 6 of 12 modules, with
only half of the sample reaching module 4, despite the presence
of therapist assistance and parent involvement.

Inall likelihood, these results may suggest that servicesthat are
widely or publicly available attract users from varying contexts
and backgrounds, who will subsequently engage very differently
with the programs than those in strictly controlled RCTs. With
respect to the BRAVE Sdlf-Helpinitiative, given the significant
change observed in users completing only three sessions, it is
possible that several participants engaged in the program until
they obtained the benefit they needed, which might have
occurred early on in the program. For others, such asthose who
did not commence the program at all, it is possible that their
expectations were not aligned with what the program had to
offer and that this only became apparent after registering. For
others till, it may be possible that a self-directed program with
little guidance was simply not enough to sustain engagement.
In this study, we were unable to determine the reasons for
nonadherence, and this will be important for future studies.
Nonetheless, while the program was acceptable, the low rates
of adherence suggest that such approacheswill not be sufficient
for or acceptableto all.
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Changesin Anxiety

Theresults of this study demonstrate that self-reported anxiety
decreased significantly over time, with effects being greater as
the number of sessions completed by youth increased. These
findings were confirmed through the completer analyses
(N=1095) and growth curve modeling, which utilized al eligible
participants registering for the program (N=4425).
Improvements were evident for both children and adol escents,
although adolescents showed dlightly lessimprovement on some
outcome indicators. Based on the assessment point at the
beginning of Session 4, results showed that around 43% of
children and around one-third of adolescents had recovered (no
longer experienced elevated anxiety). For those with clinical
levels of anxiety, over half (57%) of children and just under
half (45%) of adolescents were no longer in the clinical range
after completing three sessions (ie, showed response).
Importantly, even greater reductions were evident for child and
adolescent users who completed more sessions, such that of
those who compl eted nine sessions, over two-thirds (70%) were
no longer intheclinical range (ie, showed response) and almost
half (47%) no longer demonstrated elevated anxiety (ie, showed
recovery). Furthermore, of all participants who completed nine
sessions, around half (54%) achieved statistically reliable change
asindicated by RCI. Thus, we observed substantial reductions
in anxiety across multiple measures among users of a freely
available, evidence-based online intervention.

Although not directly comparable, as diagnostic status was not
determined by clinical interview in this study, the results can
be compared with those of the previous RCTs of the
therapist-assisted BRAV E-ONLINE program. The demonstrated
effect sizesfor reductionsin anxiety from the baselineto Session
9 in this study (Cohen d=0.83-1.01) are similar to the effect
sizes observed in previous RCTs (Cohen d=0.91-1.23 for the
full Spence Children’s Anxiety Scale) [10,11]. Furthermore,
the proportion of young people with clinical levels of anxiety
at the baseline who no longer reported anxiety (47%) after
participating in BRAVE Self-Help is similar to the proportion
of youth no longer meeting diagnostic criteria after 12 weeks
in the above-mentioned RCTs (between 30% and 37%).
However, it isimportant to note that different (briefer) outcome
measures were utilized in this study compared with the
comprehensive diagnostic assessments obtained in RCTs. Thus
the results of this study are not directly comparable and should
be interpreted with caution.

The effect sizes for BRAVE Self-Help presented in this study
are somewhat smaller than those of a pilot implementation study
(N=20) conducted very recently by Jolstedt et al [15]. In their
study, the authors reported an effect size of Cohen d=1.22 on
the full Spence Children’s Anxiety Scale from pre- to
posttreatment, although it should be noted that thisintervention
was (1) delivered with substantial therapist support (regular
asynchronous contact through messages, comments on activities,
and phone calls), (2) required both parents and children to
complete sessions before subsequent sessions were unlocked,
and (3) encouraged familiesto log in at least twice a week to
respond to therapists [15]. Thus, BRAVE Sdf-Help is a
lower-intensity intervention than the one described by Jol stedt
et al, yet with only somewhat lesser effects.

http://www.jmir.org/2018/7/e234/
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Implications

It is often argued that low-intensity interventions such asiCBT
programsare only effective with professional support. However,
the results of this study demonstrate that self-help online
interventions may be effective for many young people if they
complete at least three sessions of the program. Indeed, the
improvements demonstrated by participantsin this open-access,
self-help program are significant and reveal that a meaningful
change is feasible without therapist support. The finding that a
substantial proportion of young people can achieve clinically
meaningful improvements through such an intervention in a
self-help format has significant implications for models of
service delivery. In addition, substantial therapist time and cost
savings may be afforded by such self-help interventions,
contributing to an increase in the overall efficiency of youth
mental health services. Furthermore, providing evidence-based
services via online self-help may reach more young people at
a far lower cost than face-to-face service delivery models. It
would seem that if young people who would benefit from
self-help programs are accurately identified, more costly
resources (eg, face-to-face therapist sessions) could be reserved
for those young people who need them the most.

Another implication of thefindingsrelatesto the treatment dose
or magnitude of change in early sessions. Specificaly, it is
worth noting that the highest magnitude of change was evident
following the completion of the first six sessions. Thus, the
results of this study demonstrate that even a small dose of
self-help treatment may be effective for some young peopleand
would perhaps bring about a change equivalent to that from an
extended program. These findings are al so consistent with those
of Chu et a [26] who demonstrated a nonlinear symptom
trgjectory for youth engaging in face-to-face CBT; in fact, they
reported that participants tended to show arapid response over
thefirst six sessions, with changestending to taper off thereafter.
Therefore, if used as the first step in a stepped-care service
provision model, users may potentially require only six sessions
or fewer. This makes sense given that the first six sessions of
the program contain the specialist CBT skillsand skill rehearsal,
with Sessions 7-10 targeting practice with exposure tasks and
relapse prevention. Therefore, not only do the results of this
study support the benefits of online self-help interventions but
also assist in identifying the potential trajectory of a symptom
change or the “ideal dose” of such low-intensity programs.

Limitations and Future Research

This open dissemination study has some design limitations.
Therewas no control group against which to determine whether
changes simply reflect spontaneous recovery, regression to the
mean, or nonspecific intervention effects. In addition, therewas
no initial interview to confirm the clinical diagnosis, instead a
singleinformant and asingle measurewasrelied upon. Although
this measure is unable to provide acomprehensive overview of
anxious symptomatology type and intensity, it does allow for
examination of the magnitude of anxiety symptom change,
which was the objective of this study. Furthermore, it was
necessary to minimize participant burdenin an opentrial of this
nature where participation was completely voluntary and
self-sought.
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We also note that some analyses in this study were limited to
thoseindividualswho completed at | east two assessment points
and, thus, had completed at | east three program sessions. While
this setting provides a fair evaluation of the outcome for those
who completed at least a proportion of the program, it does not
consider thosewhoinitially enrolled and decided not to continue
at all with the program. Perhaps, such young people were not
ready to participate in active treatment or they might require
alternative treatment modalities. In fact, in this study, those who
completed less than three sessions were more likely to reside
in non-metropolitan areas, were older and had a higher anxiety
severity. It is possible that low-intensity iCBT programs may
be more accessible or preferred by youth who live in major
cities. Also, younger children may be more likely than
adolescentsto completeiCBT programswith parental assistance,
which may bring about higher adherence to the program.
Furthermore, the finding that youth with lower level s of anxiety
adhered more to the program is consistent with the objectives
of low-intensity iCBT interventions and supports the notion
that iCBT for youth could be useful asafirst stepinintervention.

In terms of sample representativeness, all participants in this
study demonstrated elevated anxiety > 84th percentile on the
CAS-8. Thus, al participants were experiencing anxiety at a
level that was interfering with their lives; however, only half
of the participants demonstrated “clinical” levels of anxiety
(>94th percentile). Thus, the sample was somewhat less severe
than those examined in previous RCTsof iCBT for child anxiety
[10,11]. Participants in this study included both children and
adolescents, with similar mean ages to other trials on child
anxiety. However, there was a dightly higher proportion of
females (61%) in this study than in previous trials that had a
more even gender distribution [10,11]. Finally, although the
BRAVE Program does offer parent modul es, in this open-access,
anonymous delivery model, we were unable to link parent and
child accounts and, thus, could not determine the impact of
parental involvement.

March et d

Degspiteitslimitations, the findings of this study are encouraging
and certainly justify further researchinan RCT or smilar design
to confirm the effectiveness of this type of intervention.
Historically, there has been alack of formalized approaches to
thedissemination of iCBT interventions[14], yet there are some
recent design recommendations that may be appropriate. To
address the challenges of conducting controlled trials in
real-world implementation settings, it may be necessary to
conduct a stepped-wedge cluster design, which isincreasingly
recommended for evaluation of service delivery interventions
[27]. Such research should also consider the inclusion of
clinician-, parent-, or teacher-informant reports to provide a
more comprehensive diagnostic information. Furthermore, future
research should incorporate more frequent assessments of
anxiety to enable the examination of response trajectories
according to baseline individual and clinical factors. Such
analyseswill assist in defining the ideal treatment dose as well
as predictors of nonresponse and have the potential to provide
evidence that could inform the design and implementation of
“stepped-care” approaches. Finaly, thereisapressing need for
health economic evaluations to determine the relative cost and
health benefits of online, self-help approaches compared with
therapi st-supported, online programs and face-to-face services.

Conclusion

This online, self-help program for anxiety has the capacity to
reach greater numbers of young people compared with programs
that require therapist contact. The results of this open tria
demonstrate moderate to high program acceptability when
delivered in this way and show its potential feasibility in
bringing about clinically and statistically meaningful reductions
inanxiety for children and adolescents. Greater reductionswere
evident for those who completed more sessions, although
significant improvements were most evident in the first six
sessions. Overall, self-help iCBT is a potentially feasible and
acceptable approach for delivering evidence-based interventions
through a public health delivery model.
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Abstract

Background: Successwith lifestyle change, such asweight loss, tobacco cessation, and increased activity level, using electronic
health (eHealth) has been demonstrated in numerous studies short term. However, evidence on how to maintain the effect long-term
has not been fully explored, even though there is a pressing need for long-term solutions. Recent studiesindicate that weight loss
can be achieved and maintained over 12 and 20 months in a primary care setting using a collaborative eHealth tool. The effect
of collaborative eHealth in promoting lifestyle changes depends on competent and skilled dieticians, nurses, physiotherapists,
and occupational therapists acting as eHealth coaches. How such health care professionals perceive delivering asynchronous
eHealth coaching and which determinants they find to be essential to achieving successful long-term lifestyle coaching have only
been briefly explored and deserve further exploration.

Objective: The aim of this study is to analyze how health care professionals perceive eHealth coaching and to explore what
influences successful long-term lifestyle change for patients undergoing hybrid eHealth coaching using a collaborative eHealth
tool.

Methods: A total of 10 health care professionals were recruited by purposive sampling. They were all women aged 36 to 65
years of age with a mean age of 48 years of age. A total of 8/10 (80%) had more than 15 years of experiencein their field, and
all had more than six months of experience providing eHealth lifestyle coaching using a combination of face-to-face meetings
and asynchronous eHealth coaching. They worked in 5 municipalities in the Region of Southern Denmark. We performed
individual, qualitative, semistructured, in-depth interviews in their workplace about their experiences with health coaching about
lifestyle change, both for their patients and for themselves, and mainly how they perceived using a collaborative eHealth solution
as apart of their work.

Results: The health care professionals all found establishing and maintaining an empathic relationship essential and that
asynchronous eHealth lifestyle coaching challenged this compared to face-to-face coaching. The primary reason was that unlike
typical in-person encountersin health care, they did not receive immediate feedback from the patients. We identified four central
themesrelevant to the health care professionalsin their asynchronous eHealth coaching: (1) establishing an empathic relationship,
(2) reflection in asynchronous eHealth coaching, (3) identifying realistic goals based on personal barriers, and (4) staying connected
in asynchronous coaching.

Conclusions. Establishing and maintaining an empathic relationship is probably the most crucial factor for successful subsequent
eHealth coaching. It was of paramount importance to get to know the patient first, and the asynchronous interaction aspect
presented challenges because of the delay in response times (both ways). It also presented opportunities for reflection before
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answering. The health care professionals found they had to provide both relational communication and goal-oriented coaching
when using eHealth solutions. Going forward, the quality of the health care professional—patient interaction will need attention
if patients are to benefit from collaborative eHealth coaching fully.

(J Med Internet Res 2018;20(7):€237) doi:10.2196/jmir.9791

KEYWORDS

behavior change; eHealth coaching; empathy; lifestyle; healthy lifestyle; mHealth; mobile health units; primary health care;

primary care; public health; relationship; telemedicine

Introduction

Background

Successful electronic health (eHealth) lifestyle coaching to
increase exercise, improvediet, and reduce tobacco and al cohol
use has been demonstrated in numerous studies [1].However,
maintaining the effect over extended periods of time has had
more variable results [2]. New studies have demonstrated
remission from a diabetic state for almost half of a patient
population solely by increased activity, diet, and weight lossin
both primary and secondary care settings [3]. A recent study
showed that 96% of a representative sample of 1004 Danes
between 40-60 years of age preferred lifestyle change to
medication [4] even though few general practitionersrecognize
this[5].

Many studies show that empathy by the health care professional
(HCP) providing the lifestyle coaching is of paramount
importancefor in-person coaching [6,7]. Previously, we reported
on a collaborative eHealth solution that resulted in long-term
behavioral change where weight loss of 7.0 kg over 20 months
was achieved using eHealth coaching in a genera practice
setting [8]. The same findings were observed in a municipality
setting with diabetic men, where patients stated that an initial
in-person meeting with the dietician seemed critical for their
future Web-based interaction [9]. Other studies suggest that
HCPs enjoy in-person meetings more than eHealth coaching
[10]. Despite the success of these smaller-scale studies, there
is a need to clarify various aspects of eHealth coaching and
factors influencing successful long-term lifestyle change [11].
Use of eHedlth is viewed positively by general practitioners
(GPs), who use motivational interviewing in their practices and
eHealth for their health [5].

The importance of the HCPs' support of patients with lifestyle
challenges and how the HCPs perceive the use of eHealth has
not yet been explored [12]. Hence, we aimed to identify factors
essential to HCPs assisting patients undergoing lifestyle changes
using eHealth. Of particular focus was how the HCPs viewed
their eHealth coaching, what motivated them, and which factors
in their eHealth coaching were most important for supporting
their patients and guide them through the challenges faced on
the way towards a healthier lifestyle.

Methods

Context

Denmark and the Danish health care sector have 3 palitical and
administrativelevels. the nationa state, 5 geographically defined

http://www.jmir.org/2018/7/e237/

regions, and 98 municipalities. Municipalities have on average
approximately 57,000 inhabitants. They arelocal administrative
bodies and deliver public health care, disease prevention, and
rehabilitation at the local level, outside of hospitals [13].

Design

Thisqualitative study was based on in-depth and semistructured
individual interviewswith 10 Danish HCPswho provide eHedlth
coaching in health care centersin 5 municipalitiesin the Region
of Southern Denmark. HCPsin amunicipality health care center

can have different health care education backgroundsincluding
dieticians, physiotherapists, nurses, and occupational therapists.
Sampling

Sampling was conducted among 12 female HCPs providing
eHealth coaching, who had coached more than 30 patients for
more than 3 months, and individuals were recruited by email
or phone. In total, 11 HCPs were invited, although 1 declined
to participate due to a job change. Saturation was met after 7
interviews, but the remaining 3 interviews were conducted to
confirm that no new themes or subthemes emerged [14]. The
HCPsinterviewed wereall female, between 36-65 years of age,
with amean age of 48 years of age. A total of 8/10 (80%) had
more than 15 years of experience in their field. All had
experience providing hybrid eHealth lifestyle coaching using
a combination of synchronous face-to-face meetings and
asynchronous eHealth coaching through acollaborative eHealth
tool. Therewere 10 female HCPs, including 5/10 (50%) clinical
dieticians, 2/10 (20%) physiotherapists, 1/10 (10%) nurse, 1/10
(10%) occupational therapist, and 1/10 (10%) nurse assistant.
Half 5/10 (50%) had taken specific postgraduate coaching
coursesin motivational interviewing, and 2/10 (20%) had other
pedagogic educations. They had between 0.5-31 years of
coaching experience. A total of 9/10 (90%) had other tasks,
such as coaching or teaching patientsin traditional face-to-face
coaching or group sessions. They spent 4-16 hours per week
on asynchronous eHeal th coaching, and interacting with 20-140
current patients through the collaborative eHealth tool.

Interview Procedure

An explorative approach was followed in order to explore the
HCPs" subjective experiences and interpretations of working
with eHealth coaching, focusing on motivational factors for a
successful long-term lifestyle change. Semistructured interviews
were conducted with the participating HCPs, following abasic,
looseinterview guide with overall fields of interest and probing
guestionsthat permitted in-depth exploration of the HCPS views
and perceptions (see Table 1). The question guidelines helped
the researcher (CJB) to follow an iterative approach with room
for exploration of emerging themes and perspectivesthat could

JMed Internet Res 2018 | vol. 20 | iss. 7 |e237 | p.77
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.9791
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

be further explored in interviews with subsequent participants
[15].

Theinterviewswere carried out in the HCPS' offices from May
to June 2017 and took 45-75 minutes each. All interviewswere
performed by CJB, who has worked as a GP for more than ten
years and with different eHealth solutions for more than fifteen
years.

Ethical Consider ations

The ethics committee for the Region of Southern Denmark
considered that the protocol could be approved and determined
that the Medical Research Involving Human Subjects Act does
not apply to this study [16]. All participants were informed of

http://www.jmir.org/2018/7/e237/
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CJIB’srole as a GP, and shareholder of Liva Health Care A/S
that delivered part of the software. It was emphasized that CIB
would interview them as aresearcher.

Before an interview was initiated, CIB briefly explained the
nature of the research, answered any questions regarding the
study, and described the study in layman's terms. The
participants were informed of their rights, and CJB explained
that the interview data would be anonymized. Both the
participant and CJB signed informed consent documents. Emails
and phone numberswere obtai ned from the municipalities before
the study commenced. Researcher CJB invited the participants,
made arrangements for the interviews and handled all phone
calls and email correspondence regarding this matter.
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Table 1. Interview guide for semistructured interviews with health care professionals.
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Intervention

HCPs conducted eHealth coaching using the collaborative
eHealth solution LIVA [17] in a hybrid manner, combining
face-to-face meetings with eHeath coaching. LIVA is a
refinement of the former eHealth sol utions Slankedoktor.dk [8]
and mydietician.org.uk [9], which were used and described in
detail in 2 previously reported studies[8,9]. The 5 participating
municipalities have offered this eHealth tool to patientsfor 6-12
months and have each included 100-400 patients. Patientsusing
the eHealth solution report on individual goals in real-time
including activity, diet, sleep, pain, and compliance with
personal goals or other goals agreed on with the HCP, viaiOS,
Android or web. HCPs used a Web-based “backend” interface
that served as a control panel, cockpit, and library. eHealth
coaching is conducted asynchronously viashort message service
text messaging, or video messaging weekly, biweekly, monthly,
or in away the HCP decided was most appropriate to meet the
patients’ needs. In Multimedia Appendix 1, the eHealth solution
LIVA is presented with detail inspired by the Template for
Intervention Description and the Replication checklist [18],
with information on the specific behavioral change techniques

http://www.jmir.org/2018/7/e237/

[19].

Analyses

The 10 interviews were digitally recorded and transcribed
verbatim. Analyses were performed by the researchers (CJB,
GIS, JC, BN, and JS) using thematic analysis. An explorative
approach of systematic text condensation was applied [20,21].
Theanalysis process began with all researchersreading through
the transcripts. They gained their impressions of what they
viewed as relevant and exciting themes and then met severa
times to discuss their different views and agree upon a
“codebook” of categorized ideas and topics within specific
themes and subthemes relevant for the set objectives. The
researchers CJB and GI Sthen started the apriori coding of each
transcript in the software program NVivo 11 Pro for Windows
[22]. This was performed using a node structure that reflected
identified themes and subthemes and allowed for expansion and
reduction along the way. To make sure that the researchers
coded, sorted and categorized the data in the same way—by
identifying similar expressions, patterns, and sequences in the
transcripts—the coding comparison function in NVivo 11 Pro
was used on the first 3 interviews, and then coding was aligned
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where necessary. The data from each of the identified themes
were then condensed and summarized into generalized
descriptions and concepts. In the analysis process, the
researchers related the extracted information to the full
transcripts to make sure they preserved the original context.
The identified themes were compared between the different
researchers several times throughout the process. In the end,
these descriptive themes were put into analytical themes
according to the thematic synthesis approach [23]. Finally, the
guotesthat best illustrated each theme and its rel ated subthemes
were selected and translated from Danish to English. The
researchers CIJB and GIS initiated the trandation process by
comparing their translations, agreeing on wording and meaning
in the sentences, and then comparing them a second time to the
Danish quotes. The remaining authorsthen reviewed all quotes
in Danish and English, and changes were made if all parties

Brandt et &
agreed. In the text, interview quotes are followed by a unique
participant identifier, ranging from Health Care Professional 1
to Health Care Professiona 10.

Results

Themes and Subthemes

Weidentified 4 central themeswith many subthemes concerning
the HCPs' perceptions of conducting eHealth coaching (see
Textbox 1 for an overview of these themes and their related
subthemes):

«  Establishing an empathic relationship

« Réflection in asynchronous eHealth coaching

« ldentifying realistic goals based on personal barriers
- Staying connected in asynchronous coaching

Textbox 1. Themes and subthemes for using a collaborative electronic health (eHealth) tool in combination with face-to-face consultations for health

care professionals.

Theme 1: Establishing an empathic relationship

«  Usethehedlth care professional’s own story of lifestyle change
«  Appreciating the communication in asynchronous eHealth coaching

«  Health care professional’s motivation

Theme 2: Reflection in asynchronous eHealth coaching
«  Health care professiona reflection
«  Patient reflection

«  Exploreindividua mativation

Theme 3: Identifying realistic goals based on personal barriers
«  Recognize harmful patterns

»  Operationa goa setting

o Appreciate small steps

Theme 4: Staying connected in asynchronous coaching
o Persona comments

«  Reading the patient

«  Feedback stimulated by open questions

»  Combining synchronous face-to-face coaching with asynchronous eHealth coaching

Establishing an Empathic Relationship

All HCPs found it challenging to provide proper eHealth
coaching because it was not possible to get face-to-face
feedback. Their typical toolsto dlicit feedback, such asmirroring
body language or prompting patients to continue a line of
thought by repeating the last word in a sentence, were not
applicable since they were separated from their patientsin time
and space.

Combining Synchronous Face-to-face Coaching with
Asynchronous eHealth Coaching

All HCPs found it essential to build an empathic relationship
with room for reflection in face-to-face meetings before
asynchronous eHealth coaching.

http://www.jmir.org/2018/7/e237/

In this relationship we have built up, (by meeting
face-to-faceinitially), they will tell you more personal
things—at least that iswhat | experience—morethan
they did earlier on with Sankedoktor
(digital-coaching only). | have coached one that has
admitted excess eating, one that has told me that her
daughter isat a crisis center, and it was very natural
for themto share this. [Health Care Professional 10]

Usethe Health Care Professional’s Own Story About
Lifestyle Change

To get to know the patient better and connect with the patients,
HCPsfound it beneficial to tell their own stories about lifestyle
change. A total of 9/10 (90%) HCPs found it essential to show
the patients that they knew that lifestyle changes required hard
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work. There were 7/10 (70%) HCPs that used their own
experiences when they explained to patients what was needed
to achieve a specific outcome. They often also made an effort
to explain that despite looking healthy and fit, they also
experienced challenges on a daily basis in maintaining their
good health.

It isimportant for me to tell themthat | am no bikini
model, and | have been 25 kg heavier than | am now,
so this is to say | know the kind of problems that
matter on a daily basis. [Health Care Professional 4]

Appreciating Communication in AsynchronouseHealth
Coaching

When conducting eHealth coaching after theinitial face-to-face
meeting, HCPsfound it essential to send messageswith positive
expectations, not only for measurable outcomes but also for
communication itself, which was viewed as critical for patients
to stay connected.

The patients tell me things like “ | am always happy
when | read what you have sent to me...”; “| look
forward to seeing what you have written...” and one
said“ | am always so excited to seeif you have found
something | have done right” [Hedth Care
Professional 7]

When | do digital coaching...l recognize that it has
been difficult for the patient, or praisewhen | can see
they are doing good. It can be a few words | send off
or avideo greeting. | really like video, because they
say tome“ | can feel you, it islike you are sitting on
my shoulder cheering!” [Health Care Professional 8]

Half of the HCPs (5/10, 50%) experienced nonjudgmental
communication in “neutral waters’. For example, greetings for
the holiday seasons, resulted in many more responses in
comparison to when they asked for performance data or sent
out standard messages with health educational content.

Some of the patients | had not heard from, but then |
wrote that | had to take a leave the next two weeks
because | had broken my arm, then it was almost
everyonewho commented and wished me good health.
[Health Care Professional 1]

The Health Care Professional’s Motivation

A total of 8/10 (80%) HCPs explained that they were motivated
by meeting with another person, establishing arelationship, and
getting closer to an “understanding” and “feeling” of the person
in front of them. Even though many patients today are
accustomed to digital communication, all HCPs found that an
initial face-to-face meeting before initiating digital coaching
was necessary to establish a strong and compassionate
relationship.

| think that | was the factor that made the difference,
since he (the patient) knew that | was the person who
was coaching him. He had met me in person and it
made a difference that it was not just another app he
could use for entering his data. Here, he actually got
concrete answers to his questions. [Hedth Care
Professional 9]

http://www.jmir.org/2018/7/e237/
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The coaching could only work if the patient communicated, and
losing feedback was therefore seen as a significant challenge
for all the HCPs.

WA, it motivates mewhen | get some kind of feedback
from the patients. Then | think it is fun and nice to
spend time on it. Those who do not give very much
can be less motivating, | think. [Health Care
Professiona 10]

Reflection in Asynchronous eHealth Coaching

The HCPs found that they could deliver advice with the use of
very little time working asynchronously. A total of 9/10 (90%)
HCPs said that they used only 5-10 minutes for each digital
coaching session. In comparison, face-to-face coaching tends
to be very time consuming for both the patient and the HCP (ie,
30-60 minutes). The lack of direct patient interaction in
asynchronously coaching challengesthe coach’s abilitiesto see
the patient’s reaction to advice or questions directly. However,
this opens for reflection for both the HCP and the patient.
Individual motivation also needs to be explored in manners
other than known from traditional motivational interviewing.

Health Care Professional Reflection

Due to the time difference between when patients enter data
and when advice is given, the HCPs could think, reflect, and
adjust their advice before sending it to the patient. The HCPs
did not have to answer immediately when they saw data from
the patient. Instead they could go for awalk or answer another
guestion before they returned to give personalized advice
regarding what they had observed.

So you can stop (your digital consultation) and
reflect: “What is it she really needs?” ...Then you
can come back later and finish your consultation.
[Health Care Professional 7]

Patient Reflection

In the same manner, when advice was given, patients had time
before responding, which could be seen as a chance to think,
reflect, comment, or enter other data. There was 1/10 (10%)
HCP who explained how she saw this as an advantage for the
patient when difficult topics need to be dealt with:

One patient once told me: “ You can write it in small
piecesifit really hurts (eg, difficult to talk about), as
opposed to when you meet at the doctor’s surgery, at
thedietician or at the psychol ogist you need to finish,
you must say everything in the consultation right
away.You cannot take a break, think about it and
reply...” [Health Care Professional 7]

ExploreIndividual M otivation

All HCPs found it essential to find out what motivated the
patient. To accomplish this, they found it very important to give
the patient space to reflect and initiated the coaching by
providing the patient time for goal setting and reflection.
Learning could then come from the lived life.

This man had diabetes, and he knew all about it, but
he lacked ownership, and he did not understand how
to cope with it. So, after he began here in the
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municipality center and we found out what help he
needed, he began exercising and measuring hisblood
sugar. So now he has lost 20 kg, and he sees how
exercise and healthy eating affect his blood sugar.
He is really motivated when he sees the immediate
effect and it is thought-provoking that, actually, he
has never really understood the effects of carbs on
the blood sugar (until now). [Health Care Professional
9]

I dentifying Realistic GoalsBased on Personal Barriers

During the digital coaching sessions, 9/10 (90%) HCPs found
it essential to getting to know the patient better to understand
if they had destructive patterns and to identify realistic goals.
This helped them to recognize patients’ progress even though
the patients did not see it themselves.

Recognize Har mful Patterns

The HCPswere often occupied with helping patients break free
from harmful patterns and actions.

So, what can be the reason a person chooses to say
that: “ 1 cannot do it because of this and that” That
is to say, what is the reason he only sees barriers,
andisit a pattern he has had throughout life? [Health
Care Professional 1]

Operational Goal Setting

The collaborative eHealth tool supported specific goals set out
by the patient. Helping patients to be concrete and operational
in their goal setting was mentioned by 5/10 (50%) HCPs as a
challenge. As an example, moving from the generic “ | want to
live healthy” to the specific “ | want to eat breakfast” was of
vital importance when patients monitored their daily
performance; operational goal-setting was crucia to turning
goals into measurable outcomes.

Sometimes they are just not precise enough. Some of
them might want to “eat healthy”, but what is it
exactly they want to change? They need to be more
concrete and specific about their challenges. Is it
snacking in between meal sthat needsto be changed?
Or what isit? [Health Care Professional 5]

Appreciate Small Steps

In coaching sessions, 6/10 (60%) HCPs found it was important
to recognize small signs of progress that might not be noted by
the patient.

The patient could say: “| have not done anything
since we last spoke” . When you then look closer and
see that they have done something, but just not
reached the goals they had expected... So, you move
focusto their successes. [Health Care Professional 7]

Staying Connected in Asynchronous Coaching

All HCPs found it quite challenging when the patient did not
respond to the eHealth coaching: if they took a very long time
to reply, did not register their activities on a regular basis, or
did not respond to the advice given in the last coaching session.
A total of 9/10 (90%) HCPs explained that the lack of feedback

http://www.jmir.org/2018/7/e237/
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often paused the process and made the HCP wonder what was
going on—a situation that was new to them and indicated a
need to approach things differently from what they had been
used to in face-to-face coaching sessions.

S0 yes, using a collaborative eHealth tool really
requires patience, because it takes a long time to get
the answers. S, it has also been a process that has
stretched over a long period of time, where | have
asked her (the patient) a question, and | have added
some reflective notestoit. And then | have waited for
her answer before | could go on with the process. So,
it is a different form, but | actually think that it has
worked, yes! But you need to learn to accept,
especially in the beginning, that it takes a long time,
and that it is okay. [Health Care Professional 3]

The HCP's had developed many strategies to stay connected
through personal comments, reading the patient, and using open
guestions.

Per sonal Comments

The eHealth solution provided the opportunity for the HCP to
reuse “standard advice”. The HCPs explained that more than
50% of the content provided as either written or video advice
that was reused. There were 6/10 (60%) HCPs explained that
they made an effort to craft a unique, personalized,
nonjudgmental frame around the necessary standard advice.

the specific advice is about 80% reuse, but | do make
some small adaptations. [Health Care Professional
2]

The tone | answer in will be unique and tailored to
the individual—articles and recommendations will
be reused of course—but the frame around it will
always be unique. And then there will be
prefabricated elements which are the same for
everybody becauseit cannot be said in any other way.
[Health Care Professiona 7]

Reading the Patient

The eHealth solution also allowed both the HCP and the patient
to go back to an earlier question or answer to clarify what had
been communicated. The HCPs highlighted this as positive for
theinteraction and very useful in situations where the HCP was
uncertain about whether the patient shared the HCP's view of
the content of the communication.

| start looking for their registrationsto seeif thereis
something positive to comment on. Then | often start
there...when | have said something or done something
in the last communication we have had, then in the
next message | send out to the person | kind of remind
myself that | have to ask them whether they found it
useful or not, just to give them the chance to say:
“WEl... | think it was a bit far out!” [Health Care
Professional 6]

Feedback Stimulated by Open Questions

Feedback had to be stimulated in different waysthan what HCPs
were used to in face-to-face interactions. Most HCPs tried to
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encourage more frequent feedback by sending very open but
positive questions and remarks.

| asked the open question: “ What do you eat and when
do you eat?” and then | let her tell me herself. Then
| asked her: “1 can see you mention something you
call junk and unhealthy stuff’ Then she replies: " |
do not really eat much of that, but | eat large portions.
My stomach has been accustomed to that” [Health
Care Professional 1]

| always praise them for the work: “ well done” and
make an effort to write my reply so that it mirrorsthe
themes they have mentioned as important to them.
[Health Care Professional 10]

Discussion

Establishing and maintaining an empathic relationship with the
patients was the single most crucial factor for the HCPs when
they performed asynchronous eHealth coaching. Thisisinline
with findings suggesting that lack of an empathic relationship
with the patient can be toxic when providing motivational
coaching [6].

Establishing an Empathic Relationship

Empathy is an independent contributor to the benefit of
behavioral interventions [24]. However, empathy is difficult to
maintain in eHealth due to the need for mutual confirmation
that happens through signs and signals when coaches interact
with someone from their own “tribe” [25]. This tribal verbal
and nonverbal language is fundamentally challenged by
communicating digitally. The Internet provides access to an
information overload that can be difficult to interpret for patients
with low health literacy [26]. Our study suggests that if a
trustworthy relationship is established and maintained, HCPs
using hybrid eHealth coaching methods could be very useful
for patients with low health literacy.

A systematic review of previous systematic reviews of studies
using Web-based weight lossinterventions reveal ed conflicting
results for effects when comparing Web-based interventions
with hybrid interventions[2]. Earlier studieson the consultation
process revealed that health professionals only have access to
apatient’sreflections on difficult, personal and relevant subjects
about their health if the HCP manages to establish an empathic
relationship [27]. Using hybrid, complex interventions, meeting
patients both in-person (ie, synchronous) to strengthen relations
and through asynchronous eHealth might improve health care
through more effective and efficient interpersonal
communication, even though long-term studies beyond 24
months are still missing [1,9]. A pilot randomized controlled
trial study on feasibility and acceptability of aprior, Web-based
version of the asynchronous eHealth tool used in this study for
men with type 2 diabetes revealed that eHealth can facilitate
relevant in-time feedback and profound reflections from the
patients. Moreover, the effect of the intervention seems better
when an empathic rel ationship between the patient and the HCP
is established before the Web-based intervention isinitiated [9].
HCPs used stories about their own health challenges to find
common ground with the patients. For decades, hedlth
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professional s have been warned against using their own personal

health experiences in patient treatment. Moving into the 21%
century, this notion might be challenged by successes with
collaborative hybrid eHealth solutions, where empathy between
patients and HCPs is a pivota factor in securing long-term
success [24]. Empathy may prove difficult to establish without
HCPs using persona stories. We found that HCPs, who
repeatedly appreciated communication through positive
reinforcement of the asynchronous communication and not only
the measurements regi stered seemed most successful in engaging
patients and maintaining an empathic relation. Appreciating
patient communication through text and video actively might
be the HCPs way to express “reflective listening” digitally,
known in the behavioral change theory [6]. The success of
traditional motivational coaching depends on the empathy of
the HCP[6]. Our study showsthat empathy by the HCP can be
challenged in asynchronous eHealth coaching. It, therefore,
seems to be of paramount importance also to focus on what
motivates the HCP and how their self-empathy can be nourished
[25]. One of the critical determinants found in our study isthe
need for feedback by the patients to the HCP for the HCP to
stay personal.

Reflection in Asynchronous eHealth Coaching

In the current study, the HCPs described how the asynchronous
eHealth coaching provided both patients and HCPs with the
chancetoreflect during thetimeinterval between questionsand
answers. The value of having time for reflection has not, to our
knowledge, been evaluated in other eHealth studies. Most
studies investigating asynchronous eHealth communication
have examined how primary care providers can optimize their
accessto specialists[28]. An earlier systematic review looking
at Web-based solutions compared asynchronous with
synchronous eHealth consultations [29] Unfortunately, they
only found afew studies of relevant quality, which meant that
they could not make any conclusions about asynchronous versus
synchronous solutions.

I dentifying Realistic GoalsBased on Personal Barriers

Barriers to lifestyle changes can be difficult to detect. We
speculate that these barriers change over time, and what seems
realisticinaninitial in-person meeting in amunicipality setting
might look different when redlity strikes at home. This is an
issue that might have a more significant impact on the lives of
patients of low socioeconomic status [30]. We found that
patients often perceive goal-setting as a process of creating
long-term, distant and broader goas, which can give them a
feeling of defeat if they fail. An essential part of the HCP'sjob
in eHedlth is to assist patients in setting realistic, short-term,
measurable subgoal sto make sure distant goal s do not decrease
the patient’s self-efficacy. Self-efficacy isknown to beacritical
success factor for a lifestyle change. Apart from this,
emphasizing the “small victories’ is a key strategy used by
many of the eHealth coaches, which makes good sense since
self-efficacy can be increased by increasing a person’s feeling
of control over the behavior. When these goals are appropriately
structured, eHealth is unique in its ability to help individuals
achieve measurable, realistic goals [31].
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Staying Connected in Asynchronous Coaching

Most of the HCPs revealed how important it wasto be personal
in their communications. Earlier studies have shown a high
adherence to hybrid asynchronous collaborative eHealth
coaching tools, which might be due to patients taking
responsibility and feeling in charge [8,9]. In this study, when
the relationship was inactive due to the patient not interacting,
the HCPs found many ways to re-establish communication,
such as being personal, reading the patient and using open
guestions. Being a trusted person involves providing
nonjudgmental emotional support through conversation,
reflective listening, touch, and physical presence when helping
patients and relatives through difficult times [32]. Trandating
this into eHealth coaching is challenging, but persona
nonjudgmental coaching seems essential in order not to lose
patient feedback. One important takeaway message from the
HCPs is that no matter how trivial a message or a video might
seem, in order to make a difference for the patient it should
alwaysbe personalized if possible. Personalization can be done
by using information found in the message dialogue history.
The need for personalization in asynchronous coaching is in
line with other studies examining the delivering of standardized
information [33]. The possibility of sending relevant and timely
individual videos both from HCPs and patients might also be
of vital importance. Using asynchronous video messaging might
be of special importance in breaking down some of the obstacles
presented by |ow health literacy. The question of how thiswould
affect motivation and change behavior is till not scientifically
documented.

Strengths and Limitations of this Study

Thisisthefirst qualitative research study to analyze how HCPs,
coaching viaahybrid, collaborative eHealth tool, perceive what
isessential for successful lifestyle change among patients. The
findings of this study are relevant and are expected to be of
more general use in future research regarding the effectiveness

Brandt et al

and implementation chalenges of collaborative eHealth
solutions. However, in our study al HCPs were female, and
even though saturation of central themes and subthemes was
achieved in this group, more heterogeneity of eHealth coaches
may lead to additional insights. Further dissemination of the
eHealth tool used here along with other collaborative eHealth
tools will also demand more research as they will not be
applicablein al health care systems.

A limitation of this study is also the lack of methodological
triangulation, as we only studied the perspective of the health
care professionals and did not examine the patient perspective
nor quantify the aspectsrevealed. For thisreason, further studies
using questionnaires and quantitative outcomes are suggested.

Conclusion

Successful eHealth coaching requires establishing and
maintaining an empathic relationship. HCPs found it of
paramount importance to get to know the patient first, preferably
inan initial face-to-face meeting and to provide both relational
communication and goal-oriented coaching when using eHealth
solutions. The asynchronous interaction aspect presented
challenges because of the delay in response times (ie, both
ways), but it also presented opportunities for reflection before
answering. The future quality of the HCP-patient interaction
will need attention if patients are to fully benefit from behavior
change techniques made possible by eHealth coaching. Our
findings suggest that it will be of great value to the future
devel opment of collaborative eHealth interventionsif the quality
of the HCP-patient interaction is taken further into account.
This includes focusing on educating the health professionals
about their empathic role as eHedth coaches and by
strengthening their ability to communicate with empathy via
new digital tools. This study emphasizes that collaborative
eHealth tools used in empathic patient care can constitute an
effective way to deliver health care services compassionately
inthefuturefor patients needing to implement lifestyle changes.
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Abstract

Background: The benefitsof electronic health support for dementia caregivers areincreasingly recognized. Reaching caregivers
of people with early-stage dementia could prevent high levels of burden and psychological problemsin the later stages.

Objective: The current study evaluates the effectiveness of the blended care self-management program, Partner in Balance,
compared to a control group.

Methods: A single-blind randomized controlled trial with 81 family caregivers of community-dwelling people with mild
dementia was conducted. Participants were randomly assigned to either the 8-week, blended care self-management Partner in
Balance program (N=41) or a waiting-list control group (N=40) receiving usual care (low-frequent counseling). The program
combines face-to-face coaching with tailored Web-based modules. Data were collected at baseline and after 8 weeks in writing
by an independent research assistant who was blinded to the treatment. The primary proximal outcome was self-efficacy (Caregiver
Self-Efficacy Scale) and the primary distal outcome was symptoms of depression (Center for Epidemiological Studies Depression
Scale). Secondary outcomes included mastery (Pearlin Mastery Scale), quality of life (Investigation Choice Experiments for the
Preferences of Older People), and psychological complaints (Hospital Anxiety and Depression Scale-Anxiety and Perceived
Stress Scale).

Results: A significant increasein favor of the intervention group was demonstrated for self-efficacy (care management, P=.002;
service use P=.001), mastery (P=.001), and quality of life (P=.032). Effect sizes were medium for quality of life (d=0.58) and
high for self-efficacy care management and service use (d=0.85 and d=0.93, respectively) and mastery (d=0.94). No significant
differences between the groups were found on depressive symptoms, anxiety, and perceived stress.

Conclusions: This study evaluated the first blended-care intervention for caregivers of people with early-stage dementia and
demonstrated a significant improvement in self-efficacy, mastery, and quality of life after receiving the Partner in Balance
intervention, compared to a waiting-list control group receiving care as usual. Contrary to our expectations, the intervention did
not decrease symptoms of depression, anxiety, or perceived stress. However, thelevels of psychological complaintswererelatively
low in the study sample. Future studies including long-term follow up could clarify if an increase in self-efficacy resultsin a
decrease or prevention of increased stress and depression. To conclude, the program can provide accessible preventative care to
future generations of caregivers of people with early-stage dementia.

Trial Registration: Netherlands Trial Register NTR4748; http://www.trialregister.nl/trialreg/admin/rctview.asp?T C=4748
(Archived by WebCite at http://www.webcitation.org/6vSb2t9Mg)

http://www.jmir.org/2018/7/€10017/ JMed Internet Res 2018 | vol. 20 | iss. 7 |€10017 | p.88
(page number not for citation purposes)


mailto:l.boots@maastrichtuniversity.nl
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2018;20(7):€10017) doi:10.2196/10017

Boots et d

KEYWORDS
internet; caregivers; technology; therapeutics

Introduction

The majority of people with dementia are living at home and
cared for by afamily member, theinformal caregiver. Informal
care will be increasingly important as the number of people
with dementia has been predicted rise to 65.7 million by 2030
and 115.4 million by 2050, together with a decrease of the
working population [1].

However, informal caregiving has a downside. Caregivers of
people with dementia are vulnerable due to the chronic stress
they experiencein the caregiving process[2], which may result
in depression, anxiety, and other health problems [3]. Many
caregiver support interventions have been developed to
ameliorate negative caregiver consequences with promising
results[4].

Early intervention and support for caregivers could prevent high
levels of burden and psychological problemsin the later stages
of dementia [5,6]. However, early-stage interventions may not
be effective, and even do more harm than good if they do not
fit the personal situation of the caregiver. Negative and
stigmatizing information can hamper acceptance, while
enhancing the positive, intact experiences may be effective in
increasing caregiver self-efficacy [7]. The Stress and Coping
paradigm by Lazarus and Folkman [8] and the Social Learning
theory by Bandura[9] propose that taking charge of the changes
in one's life has a positive effect on self-efficacy and can
therefore reduce caregiver stress and its negative impact on
general wellbeing [10]. By increasing caregiver resilience
through self-efficacy, an increase of psychological problemsin
alater stagemay be prevented [9]. A self-management approach
provides an excellent opportunity to actively involve caregivers
and let them choose the themes and strategies that are best
tailored to their needs. This suits the caring role transition in
the early stages, which leans more towards afocus on positively
managing life with dementiarather than managing the dementia
itself [11].

With the growing gap between the number of people in need
of support and available care professionals[12], electronic health
(eHealth) interventions could serve as cost-eff ective alternatives
for dementia caregiver support [13], with increased access and
extended reach [14-17]. Blending face-to-face guidance with
online support increases client-therapist connection and
adherence[18,19]. Although eHedlthinterventionsfor caregivers
have been developed and evaluated, so far most of them are
aimed at dementiarelated problemsin an advanced stage of the
caregiver career [20,21] and their overall quality of evidenceis
low [22]. An iterative step-wise approach was employed to
develop the blended care self-management internet-based
Partner in Balance (PiB) program for caregivers of people with
early-stage dementia. The current study evaluated if PiB is
superior to a waiting-list control condition as evidenced by
improved subjective self-confidence (self-efficacy and mastery),

http://www.jmir.org/2018/7/€10017/

and lower levels of psychological complaints (symptoms of
depression, anxiety, and stress) postintervention.

Methods

Overview

This randomized controlled trial was carried out between 2014
and 2016 in the Netherlands. The PiB program was compared
to awaiting-list control group receiving usual care. Following
thewaiting-list period participants were offered the opportunity
to follow the PiB program. The Medical Ethics Committee of
the Maastricht University Medical Center+ (MUMC+) approved
this study (#12-4-059) and the study was registered in the Dutch
trial register (NTR4748). The study protocol and supporting
SPIRIT checklist are available [23].

From September 2014 to December 2015, family caregivers of
people with mild dementia of all subtypes (Clinical Dementia
Rating, score 0.5-1) [24] were recruited from memory clinics
(MUMCH+, Elkerliek Hospital Helmond, Catharina Hospital
Eindhoven) and ambulatory menta heath clinics
(Virenze-RIAGG Maastricht, MET ggz Roermond) in the south
of the Netherlands. In addition, caregiverswereinformed about
the trial via caregiver support services, and the website of the
Dutch Alzheimer Association. Caregiverswereincluded if they
had access to the internet at home, had basic computer skills,
and provided written informed consent. Potential participants
with insufficient cognitive abilities to engage in the online
self-management program, who were overburdened or with
severe health problems as determined by study staff, or who
cared for people with dementia caused by HIV, acquired brain
impairment, Down syndrome, choreaassociated with Huntington
disease, or alcohol abuse were excluded from participation.
Inclusion and exclusion was based on the clinical judgment of
the referrer, based on their experience with the target group.
Both spouses and other caregivers (eg, children) could be
included, as long as they met the criteria above and were >18
years. Details on the recruitment procedure are described in the
study protocol [23].

Randomization and Masking

Following the baseline assessment, participants were randomly
assigned to either the PiB program or the waiting-list control
group receiving usual care by the first author. Assignment was
carried out using acomputerized random-number generator for
block randomization with variable sizes of 4, 6, and 8. An
independent research assi stant who was blinded to the allocation
of the treatment conducted the postintervention assessments. It
was not possible to blind the participants because of obvious
differences between the interventions in content (PiB is a
multicomponent intervention combining psycho-education,
movie clips, assignments, and change plans and usual care often
consists of psycho-education) and mode of delivery (PiB blends
face-to-face contact with online modules and usual care often
consists of face-to-face contact only).
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Intervention and Control

Experimental Group: Partner in Balance

Detailed information about the program components and
development is presented elsewhere [25]. In short, the blended
care sdlf-management program PiB consists of; (1) aface-to-face
intake session with a personal coach to familiarize participants
with the program, set goal's, and select preferred modul e themes,
(2) tailored online thematic modul es, including psychoeducation,
behavioral modeling, reflective assignments, change plans, and
email feedback from the coach over 8 weeks, and (3) a
face-to-face evaluation session with the coach evaluating
previously set goals. All participantsin the PiB group received
these two face-to-face interactions with the personal coach.
Furthermore, the participants can interact with other participants
viaadiscussion forum. Module themes are acceptance, balance

Boots et d

in activities, communication with family member and
environment, coping with stress, focusing on the positive,
insecurities and rumination, self-understanding, the changing
family member, and social relationsand support. Figure 1 shows
a screenshot of the module themes in the program. The
participants choose 4 modules and 2 weeks were allocated for
each module. However, the participants were alowed to
complete the modules at their own pace in accordance with the
self-management approach [26]. The personal page and modules
remained blefor participants after theintervention period.
The personal coaches were trained, experienced professionals
(psychologists and psychiatric nurses) from one of the
participating organizations. They attended a 2-hour training
session in self-management techniques, goal setting, and online
help and attended regular supervision meetings.

Figure 1. Screenshot of the module themes of the Partner in Balance program.
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Figure 2. Screenshot of the Partner in Balance program'’s online messaging portal.
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Their tasks were familiarizing participants with the online
program, supporting them in module choice and goa setting,
and providing feedback on the self-reflective assignments
through the online messaging portal in the program (see Figure
2).

Control Group: Waiting List

The waiting-list group received usua care consisting of
nonfrequent counseling during the 8 weeks. They received the
same pretest and posttest attention from the research team as
the experimental group. After they completed the posttest
assessment, they were given the opportunity to follow PiB.

Procedures

For this study, self-reported data from the baseline visit (Ty)
and after 8 weeks(T,) were compared. These datawere collected

inwriting by an independent research assistant who was blinded
to the treatment, separately from the coach visits.

The primary proximal outcome was caregiver self-efficacy and
primary distal outcome was depressive symptoms. Caregiver
self-efficacy was measured with The Caregiver Self-Efficacy
Scale (CSES) [27], measuring care management self-efficacy
(4 items) and service use self-efficacy (5 items). Care
management self-efficacy scorestheoretically range from 4-40
and service use self-efficacy from 5-50. Higher scores on the
CSESindicate higher levels of self-efficacy. The 20-item Centre
for Epidemiological Studies Depression Scale (CESD) [28]
was used to measure depressive symptoms. Total scores range
from 0-60; where higher scores indicate more symptoms.

http://www.jmir.org/2018/7/€10017/
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Secondary outcomes were mastery, psychological complaints
(anxiety and perceived stress), and quality of life. Mastery was
measured with the 7-item Pearlin Mastery Scale (PMS) [29].
The total score ranges from 7-35; where higher scores indicate
higher levels of mastery. The 7-item Hospital and Anxiety
Depression Scale-Anxiety (HADS-A) [30] rates symptoms of
anxiety. Scorestheoretically rangefrom 0-21 with higher scores
indicating more symptoms. Quality of life was measured on
five attributes with the Investigating Choice Experiments for
the Preferences of Older People CAPability measure for Older
people (ICECAP-0) [31]. Thisindex value indicates how good
or bad the average person aged 65 or older considers a given
state to be, for instance attributing to “attachment” (love and
friendship) and “ control” (independence). The value system for

the 1024 (4°=1024) possible states uses a best-worst scaling
valuation method, providing a single summary score, anchored
at zero (“no capability”) and 1.0 (“full capability”) [32].

Demographics were obtained (sex, age, relationship to care
recipient, level of education, sharing household, and care
intensity inyears). The Global Deterioration Scale (GDS) [33]
measured dementia severity with the caregiver astheinformant.
The possible modifying effects of the following variables were
measures. Quality of the relationship was measured using 4
self-rating items of the University of Southern California
Longitudinal Study of Three-Generation Families measures of
positive affect [34]. The 12-item Emotional instability domain
of the NEO Five Factory Inventory (NEO-FFI) [35], was used
to identifying individuals who are prone to psychological
distress, by assessing 6 traits. anxiety, angry hostility,
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depression, self-consciousness, impulsiveness, and vulnerability.
Scores ranged from 0-24; where higher scorers are likely to be
sensitive, emotional, and more prone to experiencing feelings
that are upsetting.

Sample Size

We aimed to enroll 80 participants (40 participants per group),
based on previous online intervention studies in caregivers of
people with dementia with the CSES as outcome measure, on
the basis of repeated measures, within-between interaction with
amean effect size of 0.2[36], assuming an a phaof .05, apower
of 85%, and 25% loss to follow-up.

Data Analysis

Prior to the analysis, data were checked for missing values,
outliers, and normality. Possible differences between the study
groups baseline characteristics were tested with t tests for
continuous variables and chi-square tests for categorical
variables. Nonparametric tests (eg, Mann-Whitney U Wilcoxon
test) were used when necessary in case of nonnormality.

To examine the differences between outcomes for the
intervention and the waiting-list control group during the
intervention period, an analysis of covariance (ANCOVA) was
conducted with outcome at post intervention as the dependent
variable, intervention (PiB program, waiting-list control group)
as the between-subjects variable and per outcome its baseline
value, age, sex, emotional instability, quality of therelationship,
educational level, and relationship to the care recipient as
covariates. If dignificant, the intergroup effect size was
calculated according to Cohen d. Effect sizes of 0.2 were
considered small, 0.5 considered medium and 0.8 was
considered high [37]. IBM SPSS statistics 22.0 for Macintosh
was used and all tests of significance were two-tailed with apha
set at .05 and reported mean change.

User Involvement

As recommended by the Medical Research Council (MRC)
Framework, a stepwise approach was adopted to explore
potential user needs, followed by a pilot evaluation to test the
feasibility of the intervention and the measurement tools prior
to the effect evaluation. The iterative development and pilot
evaluation of PiB as recommended by the MRC framework is
described elsewhere [25]. The burden of the intervention was
assessed in a process evaluation. Further, results were
disseminated to study participants by means of anewd etter and
PhD thesis.

http://www.jmir.org/2018/7/€10017/
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Results

Participants

A total of 163 caregivers expressed an interest to participate.
See Figure 3 for the study flowchart, the details of which are
described elsewhere [38]. Table 1 lists the baseline data for the
included caregivers (N=81).

Between-group comparisons revealed no significant differences
in demographics and main outcome measures at baseline. Care
recipients of the included caregivers were 73.9 years old (SD
8.2), diagnosed with Mild Cognitive Impairment (MCI; 12/81,
15%), Alzheimer's Disease (AD; 33/81, 41%), or other
dementias (36/81, 44%). Dementia severity was rated as
preclinical memory decline (55/81, 68%), mild dementia (24/81,
30%), or moderate dementia (2/81, 2%) onthe GDS. At T4, 13
caregiverswerelost to follow-up. The completersdid not differ
from noncompleters at baseline in terms of age (t;5=0.19;
P=.851), relationship to the care recipient (x2,=1.39; P=.238),
same household as care recipient (x?,=0.82; P=.665), care
intensity in years (U=377.5; P=.781), sex (x?,=2.80; P=.094),
education (x%=1.20; P=.550), self-efficacy service use (t,4=0.53;
P=.599) care management (t;;=1.36; P=.177), depression
(U=280.0; P=.266), stress (t;5=0.25, P=.806), anxiety (U=372.0;
P=.497), mastery (t;g=1.18; P=.253), and qudity of life
(U=775.0; P=.956).

Intervention Effects

The effects were compared between groups (intervention and
waiting-list control) after 8 weeks. Table 2 shows the results of
the ANCOVA at T, on self-efficacy (care management and
service use), depression, mastery, perceived stress, anxiety, and
quality of life. After controlling for age, sex, emotional
instability, and quality of the relationship, significant effectsin
favor of theintervention group were found for self-efficacy care
management (F; ¢;=10.37; P=.002, d=0.85), and self-efficacy
service use (Fy gp=11.47, P=.001, d=0.93), but not for depression
(F160=1.13; P=.293). Significant effects in favor of the
intervention group were also demonstrated for mastery
(F160=12.66; P=.001; d=0.94), and quality of life (F; 5,=4.83;
P=0.032, d=0.58), but not for perceived stress (F; 5,=3.40;
P=0.071), and anxiety (F; =0.80; P=.374).
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Figure 3. Consolidated Standards of Reporting Trials (CONSORT) study flowchart.

Assessed for eligibility N=163

Excluded N=78

Mot eligible N=24
Declined participation N=40

Other reason N=14

v

Baseline assessment (Ty) N=85

| > Excluded N=4
* Declined participation N=4

‘ Randomization N=81

I
v v

Intervention N=41 ‘ ‘ Control N=40 ‘

Partner in Balance Waiting-list

Drop-out N=10 \\
Care recipient does not agree with participation N=2
Too busy N=2 Drop-out N=3
Health issues N=2 ‘ b Not receiving the intervention N=1
Care recipient deceased N=2 No need for intervention N=2
Feels like a burden N=1

Not suitable for personal situation N=1

v 4

Postintervention assessment (Ty)

Post waiting list assessment (T)

N=31 N=37
Intervention N=22
Pariner in Balance
Drop out N=4
. Too busy N=2
Mo new information N=1
Care recipient deteriorated N=1
Postintervention assessment
N=18
http://www.jmir.org/2018/7/€10017/ JMed Internet Res 2018 | vol. 20 | iss. 7 |€10017 | p.93

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Boots et &

Table 1. Descriptive datafor caregivers of both groups at baseline.

Demographics and outcome Intervention (N=41)  Waiting list (N=40)  Test value comparing groups at baseline P value

Socio-demogr aphics

Age, mean (SD) 67.8 (10.2) 70.2 (10.1) 1.02 302
Spouse, n (%) 37(90.2) 37(92.5) 0.6° 432
Same household as PWDE, n (%) 39 (95.1) 37 (92.5) 1.3 513
Careintensity in years, mean (SD) 1.8(1.8) 19(1.8) 674.54 .929
Female, n (%) 29(70.7) 24(60.0) 0.8° 385
Education, n (%)

High school 8(19.5) 4(10.0) 2.3° 321

College 18 (43.9) 16 (40.0) — —

Graduate school 15 (36.6) 20 (50.0) — —

Primary Outcomes

Self-efficacy (CSES®), mean (SD)

Care management 34.7 (7.8) 33.0(9.9) -0.92 .395
Service use 25.8(6.3) 23.7(6.2) -15% 141
Depression (CES-D'), mean (SD) 13.1(8.7) 13.1(9.0) 732.0° 927

Secondary Outcomes

Stress (PSS?), mean (SD) 11.8 (6.0) 13.5(6.2) 1.22 223

Anxiety (HADS-AM), mean (SD) 6.0(3.7) 6.7 (4.7) 717,54 666

Mastery (PMS)), mean (SD) 237 (4.1) 229 (4.4) -0.8? 430

Quality of life ICECAP-O'), mean (SD) 0.8 (0.1) 0.8 (0.1) 755.0° 956
BReferstot test (t7g).

bRefers to Chi -square test (x29).

“PwD: person with dementia.

dRefersto Mann-Whitney U Wilcoxon test.

€CSES: Caregiver Self-Efficacy Scale.

fCES-D: Center for Epidemiologica Studies Depression Scale.

9pPSS: Perceived Stress Scale.

PHADSA: Hospital Anxiety and Depression Scale-Anxiety.

IPMS: Pearlin Mastery Scale.

I|CECAP-O: Investi gating Choice Experiments for the Preferences of Older People.
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Table 2. Analysis of covariance comparing intervention (N=31) and control (N=37) group at posttest.
Control, mean (SD) Intervention, mean SD Mean difference” (95% Cl) F test (df) Cohend
Qutcome Crude? Adj usted® Crude Adjusted
Primary outcomes
Self-efficacy (CSES?
Care management 31.38(8.71) 31.65(1.05) 37.03(6.33) 36.73(1.12) -5.07(-8.23t0-1.92) 10.379(1,60) 0.85
Service use 21.88(6.33) 22.48(0.83) 27.43(5.11) 26.76(0.89) —4.27(-6.80t0—1.75) 11.479 (1,60) 0.93
Depression (CES-D®) 1327(9.21) 12.87(1.08) 10.73(8.20) 11.17(1.14) 1.70(-1.51t04.91) 1.13(1,60) 028
Secondary outcomes
Mastery (PMS) 21.15(4.49) 21.32(0.63) 24.87(4.09) 24.68(0.67) —3.36(-5.261t0—1.47) 12.66 (1,60)% 0.94
Stress (PSSY) 13.76 (6.84) 12.92(0.69) 10.03(6.35) 10.99(0.74) 1.94(-0.17 to 4.04) 340(160) 050
Anxiety (HADS-AM 504 (459) 591(0.61) 6.70(4.65) 6.73(0.63) —0.81(-2.63t0 1.00) 0.80(1,60) 024
Quality of life(ICECAP-0) 0.76 (0.15) 0.76(0.02) 0.82(0.10) 0.83(0.02) —-0.06(-0.12t0—-0.01) 483(1,60) 058

8Group means.

bAdj usted for outcome measure at baseline, age, sex, education, quality of the relationship at baseline, neurotic personality traits, and coach background.

CCSES: Caregiver Self-Efficacy Scale.

dp<.01

€CES-D: Center for Epidemiological Studies Depression Scale.
PMS: Pearlin Mastery Scale.

9PSS: Perceived Stress Scale.

"HADSA: Hospital Anxiety and Depression Scale-Anxiety.

IICECAP-O: Investi gating Choice Experiments for the Preferences of Older People.

ip<.05

Discussion

Principal Findings

This randomized controlled study evaluated the first
blended-care intervention for caregivers of people with
early-stage dementia developed together with potential users,
following the MRC Framework, and demonstrated asignificant
improvement in care management self-efficacy, service use
self-efficacy, mastery, and quality of life after receiving the PiB
intervention; compared to awaiting-list control group receiving
care as usual. Effect sizes were medium (>0.5) for quality of
lifeto high (>0.8) for self-efficacy and mastery. No differences
between groups were demonstrated for caregiver depression,
anxiety, and perceived stress.

Results on caregiver self-efficacy, mastery, and quality of life
are in line with previous results in an uncontrolled study [25]
and results of previous eHealth interventions for dementia
caregivers[22]. Furthermore, the results of the present studly fit
the Stress and Coping paradigm by Lazarus and Folkman [8]
and the Social Learning theory by Bandura[9], suggesting that
taking charge of the changesin one’slifeincreases self-efficacy
and general wellbeing. Learning to positively manage life with
dementia instead of managing the dementia itself in a
self-management program may have facilitated caregivers
adaptation to their new caregiving role. The program’s focus
on enhancing positive, intact experiencesthat aretailored to the

http://www.jmir.org/2018/7/€10017/

individual caregiver’ssituation could explain the positive effects
on caregiver self-efficacy [11]. In addition, the relationship
between the participant and the coach may have influenced the
outcomes. The process evaluation of the present study showed
that both participants and coaches mentioned that their
relationship with each other had deepened [38], whichwasalso
demonstrated in a previous blended-care intervention for
depression [18]. The opportunity to reflect on on€'s feelings
anonymously in one's personal safe environment is easier than
face-to-face, but the face-to-face contact increased caregiver
openness, and therefore coach empathy with their situation [19].
However, we expected that higher levels of wellbeing or quality
of life could be the result of a decrease in stress [8,9], which
could not be derived from the results of the present study. It is
conceivable that interventions aimed at the early stages may
not be capable to decrease burden and stress, as these are
relatively low during the early stages [7], leaving little room
for improvement. Previous caregiver interventions
demonstrating positive effects on burden and stress were not
specifically aimed at early-stages of dementia[20,39-41]. The
process evaluation also revealed that the intervention period
and dose varied between participants. Moreover, the discussion
forum was not used because caregivers mentioned that sharing
their story felt like a betrayal to the care recipient and reading
about other peopl€e's“misery” was considered undesirable[38].
These process characteristics may have influenced the
intervention effectiveness [42]. Future follow up of PiB effects
could clarify if anincrease in self-efficacy resultsin adecrease
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or prevention of increased stress and depression on the long
term.

Strengths and Limitations

High face validity was demonstrated as the program was
evaluated in multiple institutions with multiple coaches of
different backgrounds. Devel opment together with the potential
users and a pilot evaluation following the MRC Framework
may have increased its effectiveness.

The waiting-list period may have affected the differences in
outcomes between both groups. The effects of waiting are highly
variable and depend on the characteristics of the sample and of
the trial [43]. However, this design allowed all potentialy
interested participantsto participatein theintervention program,
which may have increased their motivation to participate given
that usual care for mild dementia caregivers often either does
not include counseling or includes only infrequent counseling
[44]. Furthermore, the waiting-list group was not deprived of
usual care. An alternative would be a pseudo-intervention in
which only psycho-education or only attention of the coach is
provided, but the aim of this study was not to evaluate merely
the online aspect of the intervention, but the effect of the
blended-care intervention of which psycho-education and
face-to-face contacts are integral parts.

I ntention-to-treat analyseswas not fully possible, asintervention
noncompleters refused to participate in further assessments.
However, we did include participants that were not completely
compliant (completed only 2, 3 or no modules at al) in the
analyses [38]. Drop-out was higher in the intervention group
compared to the control group, which could have resulted in
inflated effect sizes. However, selective drop-out was not
demonstrated as completers did not differ from noncompleters
at baseline. Often mentioned reasonsfor drop-out were no need
for help or refusal by the care recipient, which was demonstrated
previously as reasons of nonuse of formal services [45,46].
Furthermore, ahigher rate of drop-out in theintervention group
has previously been reported. Previous randomized controlled
trialseven controlled for any possibleloss of power beforehand
by increasing the sampl e of theintervention group. Neverthel ess,
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the current effect sizes should be interpreted with caution.
Although the power of our group was not jeopardized based on
our power calculation, future studies could consider controlling
for ahigher rate of drop-out in theintervention group to prevent
loss of power.

Our sample was not limited to memory clinics only, but the
included participants may represent a subgroup of all dementia
caregivers in the early stages. Caregivers in the early stages
often decline formal care and it is conceivable that many were
not familiar with the care parties involved in recruitment and
weretherefore overlooked in this study [45,46]. Thiscould have
resulted in a highly motivated sample more open to support
[47]. Furthermore, only computer-literate caregivers could be
included, which represents only around 59% of dementia
caregivers [48]. However, seniors' use of internet is expected
to rise in the near future [49], increasing the accessibility of
PiB.

Future Research and Clinical Implications

Future research could consider combining all resources used
during the intervention period with the intervention costs and
outcomesin acost-consequence analysisto aid decision makers.
Furthermore, future research should evaluate sustainability of
improvements at long-term follow-up. The higher rate of
drop-out in the intervention group showed that this group feels
overwhelmed but is perhaps most in need of the intervention.
Some eHealth interventions show dropout rates of up to 80%
[50-52] and therefore suggest blending face-to-face contacts
with online modules, like the PiB program, to prevent these
high drop-out rates. We found a relatively high response and
participation rate[18], indicating that thereisaneed for at | east
having the option to choose for this type of caregiver support.

Conclusion

In conclusion, this study showed that a blended care
self-management program for dementia caregiversin the early
stagesiseffectiveinincreasing caregiver self-efficacy, mastery,
and quality of life on the short-term. The program could provide
accessible care to future generations of caregivers of people
with early-stage dementiaand strengthen the primary caregivers.
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Abstract

Background: Family planning is an effective tool for preventing death among women who do not want to become pregnant
and has been shown to improve newborn health outcomes, advance women’s empowerment, and bring socioeconomic benefits
through reductionsin fertility and population growth. Yet among the populations that would benefit the most from family planning,
uptake remains too low. The emergence of digital health tools has created new opportunities to strengthen health systems and
promote behavior change. In this study, women with an unmet need for family planning in Western Kenya were randomized to
receive an encouragement to try an automated investigational digital health intervention that promoted the uptake of family
planning.

Objective: The objectives of the pilot study were to explore the feasibility of a full-scale trial—in particular, the recruitment,
encouragement, and follow-up data collection procedures—and to examine the preliminary effect of the intervention on
contraception uptake.

Methods: This pilot study tested the procedures for arandomized encouragement trial. We recruited 112 women with an unmet
need for family planning from local markets in Western Kenya, conducted an eligibility screening, and randomized half of the
women to receive an encouragement to try the investigational intervention. Four months after encouraging the treatment group,
we conducted a follow-up survey with enrolled participants via short message service (SM S) text message.

Results: The encouragement sent via SM S text messages to the treatment group led to differential rates of intervention uptake
between the treatment and control groups; however, uptake by the treatment group was lower than anticipated (19/56, 33.9% vs
1/56, 1.8%, in the control group). Study attrition was also substantial. We obtained follow-up datafrom 44.6% (50/112) of enrolled
participants. Among those in the treatment group who tried the intervention, the instrumental variables estimate of the local
average treatment effect was an increase in the probability of contraceptive uptake of 41.0 percentage points (95% uncertainty
interval —0.03 to 0.85).

Conclusions: Thisrandomized encouragement design and study protocol isfeasible but requires modificationsto the recruitment,
encouragement, and follow-up data collection procedures.

Trial Registration: ClinicaTrials.gov NCT03224390; https://clinicaltrials.gov/ct2/show/NCT03224390 (Archived by WebCite
at http://www.webcitation.org/70yitdJu8)

(J Med Internet Res 2018;20(7):€10756) doi:10.2196/10756
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Introduction

Family planning is one of the most effective public health
interventions, and more women than ever before are
experiencing the benefits. Voluntary family planning has been
shown to prevent maternal death among women who do not
want to become pregnant [1], improve newborn health outcomes
[2], and bring socioeconomic benefits through reductions in
fertility and population growth [3]. Contraceptive use may also
advance women’s empowerment, but the evidenceisweak [4,5].
Globally, in 2017, an estimated 715 million married or in-union
women of reproductive age were using a modern method of
contraception (58%), an increase of 22% since 2000 [6].

Despite this positive trend, another 203 million
women—primarily in Asia and Africa—want to prevent or
delay pregnancy but are not using a modern method of
contraception [6]. Thissituation isreferred to as an unmet need
for modern contraception, and it signalsthe presence of barriers
to uptake that may include limited access to methods, concerns
about side effects, and other issues such as cultural norms
against use. The proportion of women with an unmet need for
contraception is highest in Africa, where more than 46 million
married and in-union women (22%) would like to prevent or
delay childbirth but are not using a modern method of
contraception.

In Kenya, for instance, 17% of currently married and in-union
women of reproductive age [7] and 26% of sexually active
unmarried women [8] have an unmet need for family planning.
This trandates into approximately 1.3 million women in the
country who are not using contraception but say they would
like to avoid pregnancy. Millions of others are either unaware
of the potential benefits of contraception, misinformed about
the full range of modern methods available, or unsatisfied with
previous experiences using contraception [7].

In recognition of the needs of women and girlsliving in Kenya
and beyond, a major internationa initiative called Family
Planning 2020 launched at the London Summit on Family
Planning with the goal of “expanding accessto family planning
information, services, and suppliesto an additional 120 million
women and girlsin 69 of theworld’s poorest countries by 2020
This initiative has sparked important gains, but more work
remainsif thisgoal isto berealized. Sincethelaunch of FP2020
in 2012, an additional 38.8 million women have begun using a
modern method of contraception [9]. While this progress is
above historic trends, it is substantially off the pace required to
meet the goal of adding 120 million new users by 2020. This
gap suggests the need for new approaches that can augment
existing efforts to expand the coverage of family planning.

Traditionally, efforts to promote the uptake of family planning
have focused on demand generation activities, supply-side
activities, or amixture of both. Demand generation interventions
seek to change knowledge, attitudes, and practices regarding
family planning. Common approaches include mass media
advertising (also known as behavior change communication),
one-on-one and small group discussions, and economic
incentives such as conditional cash transfer programs.
Supply-side interventions aim to increase access, improve
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quality, and lower costs for family planning services. A
systematic review of 63 published evaluations of family
planning interventions concluded that economic incentives and
supply-side interventions had the most consistent effect on
contraceptive use, but the overall quality of the evidence was
low [10Q].

The emergence of digital health tools—such as short message
service (SMS), interactive voice response, and mobile phone
apps—have created new opportunities to strengthen health
systems and promote behavior change[11,12], but the evidence
base for digital health remains weak. As is the case for
nondigital interventions[10], studies of digital health toolshave
found that it is easier to increase knowledge than to change
behavior [13].

This pilot study represents another effort to promote behavior
change through the use of an SM S text messaging intervention.
Women with an unmet need for modern methods of
contraception in Western Kenya were randomized to receive
messages that encouraged them to try an investigational digital
health intervention. The objectives of this pilot study were to
explore the feasibility of a full-scale trial—in particular the
recruitment, encouragement, and follow-up data collection
procedures—and to examine the preliminary effect of the
intervention on the uptake of contraception.

Methods

Recruitment

This was an external pilot study [14,15] conducted to inform
the design and implementation of aseparate full-scaletrial. The
study design was a randomized encouragement trial.

Setting and Participants

The target population for this study was Kenyan women who
had an unmet need for family planning, that is, women who
were not using family planning but wished to delay or prevent
pregnancy. The accessible population was limited to women
with an unmet need living in Bungoma County, Kenya.

Recruitment and Eligibility Screening

Over a period of 4 weeks in 2017, from July 12 to August 6,
we conducted recruitment exercises at 6 open-air markets
throughout the county. We identified 21 market venues in
Bungoma County and selected 5 large markets and 1 small
market that maximized geographical coverage. We visited each
market onits“market day,” the day of the week when foot traffic
peaks. Market days for the selected markets were Sunday,
Monday, Wednesday, Thursday, and Friday. Our team visited
2 markets on Fridays.

Our market stall advertised an opportunity to participate in the
“Bungoma County Women'sHealth Study.” A team of 4female
study team members, al Kenyan, staffed the study table and
screened women for eligibility. To be eligible to enrall in the
study, women had to (1) be between the ages of 18 and 35 years
(inclusive), (2) have an unmet need for family planning, (3) live
in Bungoma County, (4) demonstrate phone ownership, (5)
opt-in to receiving calls and SM'S text messages related to the
study, (6) demonstrate basic ability to operate the study tablets,
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and (7) provide consent to participate in the study. Women who
were pregnant or fewer than 4 months postpartum were
excluded.

To begin the screening with an interested woman, a member of
the study team asked the woman her age and county of
residence. To demonstrate phone ownership and continue to
the second stage of screening, the woman had to show the
enumerator that she received atest SM S text message from the
study shortcode. In the second phase of screening, the
enumerator asked the woman if she was pregnant or currently
using any method of family planning to prevent or delay

pregnancy.

If the woman was eligible to move to the third stage of
screening, the enumerator demonstrated how to use the tablet
computer to complete the survey via audio computer assisted
self-interview. The screening survey text and audio were
availablein English and Swahili. The woman had to demonstrate
proficiency in an example exercise to continue to the full
screening. Enumerators were on hand to assist participantswho
needed help using the tablet.

Unmet Need

Inthethird and final phase of screening, the woman completed
the baseline survey to enable usto classify her unmet need status
and to collect relevant background information. The baseline
survey instrument included several modules from the 2014
Kenya Demographic and Health Survey (Phase 7, short form),
including household characteristics, respondent’s background,
reproduction, contraception, and marriage and sexual activity

[71.

To define unmet need for this study, we followed guidelines
published by the Demographic and Health Survey Program
(DHS, revised 2012) [16] and other relevant scholarly reviews
[17]. A woman was classified as having an unmet need if she
reported no current use of contraception, was not identified by
the survey asinfecund, and said she did not want to be pregnant
for at least 2 years. A woman could also be classified as having
an unmet need if she was postpartum amenorrheic and reported
that she did not want her last birth at al or wanted to become
pregnant later than she did. We further classified women as
having an unmet need for limiting (does not want to become
pregnant at all) or spacing (wantsto delay pregnancy for at |east
2 years). We extended this classification of unmet need to
women who were not married or in a union if they reported
being sexually active in the past 6 months, thus, putting them
at risk for pregnancy. See our Multimedia Appendicesfor survey
questions (Appendix 1) and adetailed algorithm for determining
unmet need (Appendix 2).

Enrollment

If awoman was eligible to participate in the study based on her
responses to the screening, the tablet prompted the enumerator
to review the informed consent form with her. If she consented
to participate, the enumerator recorded her name and contact
details in the study register. Every woman who completed the
screening received an honorarium of KES 200 (approximately
US $2) for her time and effort, regardless of whether she was
eligible to participate in the study or consented to participate.
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Ineligible women were not informed about the specific reason
that they were ineligible to prevent others from determining
which answers would trigger eligibility. At the time of
enrollment, weinformed participants that we might invite them
to learn more about family planning and women's health with
one of our partners.

Intervention

Theinvestigational intervention wasadigital health marketplace
for family planning called Nivi [18]. At the time of the study,
any woman (or man) in Bungoma County could send atoll-free
SMSS text message to the Nivi service to ask a question about
reproductive health or trigger a free callback to complete an
automated family planning counseling session via interactive
voice response. This session resulted in a set of recommended
methods that fit the client’s preferences and goals, along with
referrals to local public and private providers offering one or
more of these methods. After a period of time, clients were
prompted to provide details about their experience with family
planning providers and were eligible to receive atransportation
voucher (approximately USD $2) as a nudge toward behavior
change. Theinvestigational intervention remained under active
development during the pilot trial. Participants could text or
call customer service representatives as needed.

Experimental Design and Randomization

Since the service was available to anyone living in Bungoma
County, it was not possible to restrict access and estimate the
impact of the service through arandomized controlled trial. In
situationslike this, arandomized encouragement design can be
very effective [19]. In a randomized encouragement design,
participants are randomized to receive an invitation or special
encouragement to receive an intervention. Not everyone who
is encouraged will try the intervention (and some who are not
invited will try it on their own); however, as long as those
randomly assigned to receive the encouragement—"“the
treatment group”—try the intervention at a higher rate than
those not encouraged—the “control group”—it is possible to
estimate the impact of the intervention. This design has been
used to study various interventions where two-sided
noncomplianceis possible [20-23].

In this pilot trial, we randomly allocated the sample of 112
enrolled women to the treatment or control arm (1:1). At the
end of the recruitment period, the first author used the
blockTools package [24] in R [25] to block randomize by age
and baseline indicators of having attended postsecondary
schooling, previous use and discontinuation of contraception,
and being married or living in aunion. One month after the end
of the recruitment period, on October 2, 2017, women
randomized to the encouragement arm received an invitation
via SMS text message to try the service and complete a free
family planning screening (plus bonus phone credit of
approximately US $2, not conditional on the use of service).
Women randomized to the control arm received a different set
of messages thanking them for participating in the study; the
control messages did not mention the investigational service.
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Outcome Data Collection

We conducted a follow-up survey between February 14 and
March 13, 2018, approximately 4 months after we invited the
treatment group to try the service. Participants could complete
the survey for free viaan SMS text message in their preferred
language or choose to receive a free callback from a study
enumerator to complete the survey over the phone. Any woman
who attempted to send an SM'S text message but experienced
an error was flagged for enumerator follow-up. The study
enumerator was blind to each participant’s assignment until the
end of the survey. We sent up to 4 SM Stext message reminders
from our study shortcode (mask “DGHI") to study participants
who did not reply. Women who compl eted the survey received
an honorarium of KES 200 (approximately US $2) to appreciate
their time and effort.

The primary outcome under investigation was self-reported use
of a modern method of contraception [26] since the baseline
survey. This included women who adopted and subsequently
discontinued a method during this period. The reference point
for the start of the recall period was the national €election
conducted on August 8, 2017, severa days after the end of the
baseline survey. We obtained a binary indicator of attempted
service use by querying the system logs for participant phone
numbers. If a participant’s phone number was present in the
system logs, we coded her as having tried the service.

Statistical Analysis

Because encouragement designs lead to two-sided
noncompliance, we planned to use instrumental variables
regression to obtain an unbiased local average treatment effect
(LATE) of the impact of service use on contraceptive uptake.
We used the AER [27] package in R [25] to estimate LATE via
two-stage least squares regression. In the first stage, we
regressed the indicator of service use on the instrumental
variable—a binary indicator of random assignment to the
treatment group. In the second stage, we regressed the primary
outcome of contraceptive uptake on the predicted values of
service use from the first stage regression. Both regressions
included baseline controls and the mode of follow-up survey.
We used the ivpack [28] package to obtain corrected
Huber-White SEs. The results of nonlinear specifications are
presented in Multimedia Appendix 3.

For this approach to be valid, the instrumental variable (or
instrument) must meet 3 assumptions: (1) The instrument is
randomly assigned (independence assumption), (2) the
instrument increases use of the investigational intervention, and
(3) the instrument only affects the outcome through use of the
intervention (exclusion restriction) [29]. We satisfy the
independence assumption (1) through the randomized design,
and we demonstrate assumption (2) to betrueempirically. There
isnot adirect test of the exclusion restriction (3), but it seems
reasonable to assume this is met because the encouragement to
try the service did not itself encourage women to adopt
contraception or otherwise counsel them on the importance of
family planning.
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Oneaim of the study wasto test the recruitment procedures and
examine the potential for attrition. We based the target sample
sizefor thefull trial on the assumption that a sample size of 50
would be needed in an individually randomized trial (25 per
arm) to detect a difference in contraception uptake of 30
percentage points between the control group (10%) and the
treatment group (40%), given an apha of 5%, power of 80%,
and aone-tailed test. We increased this sample size estimate by
afactor of 2.8 to account for the fact that only a subset of the
treatment group was expected to uptake the intervention (70%)
and that there would be a differential rate of service uptakein
the control group that was not encouraged (10%). Theinflation

factor was 1/(0.7 - 0.1)?, producing an adjusted target sample
size of 139 [30].
Ethical Review

Ingtitutional Review Boards at Duke University and Moi
University reviewed and approved this study protocol. This
pilot study isregistered with Clinical Trials.gov (NCT03224390).

Results

Participant Characteristics

As shown in Figure 1, we assessed 772 women for eligibility
and enrolled 112 women. A total of 660 women were excluded
because they did not meet the inclusion criteria; 33.0%
(218/660) of excluded women had amet need for contraception.

Table 1 summarizes the characteristics of the enrolled sample.
The average age of participants was 24.7 (SD 4.8) years. The
majority of women in the study were married or in aunion, and
two-thirds reported previous pregnancies. The average woman
gave birth to 1.6 (SD 1.6) children and desired to have a total
of 3.6 (SD 1.3) children. Most women reported an unmet need
for spacing, rather than limiting. As is typica of women in
Bungoma County, according to the most recent DHS, the women
in this study were familiar with family planning methods. M ost
women indicated that they had recently been exposed to family
planning messages in the media, and the average woman said
she had heard of 9.6 (SD 2.2) out of 12 methods assessed.

I ntervention Uptake

The randomized encouragement design had only amodest effect
on the probability of trying the intervention. Four months after
the treatment group was encouraged via SM S text message to
try the service, 33.9% (19/56) of women in the treatment group
initiated a session, compared with only 1.8% (1/56) in the
control group. The encouragement did produce a differential
rate of uptake of 32.1 percentage points, but the difference was
smaller than anticipated.

Table 2 shows the correlates of intervention use among the
treatment group. Age was negatively associated with use, which
was expected. No other baseline characteristics of participants
were significantly associated with use.
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Figure 1. Participant flow diagram.
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(29, 51.8%) (21, 37.5%)
Table 1. Participant characteristics.
Characteristic Control Treatment Kenya Demographic and Health Survey Program 2014 Reference
(N=56) (N=56) Value Reference Group
Agein years, mean (SD) 24.9 (4.6) 24.6 (5.0) N/A2 N/A
Married or in union, % 55.4 60.7 59.7 All women, national, 20-24 years
Christian, % 96.4 94.6 914 All women, national, 15-49 years
Luhyatribe, % 75.0 78.6 15.0 All women, national, 15-49 years
Attended postsecondary schooling, % 19.6 179 7.2 All women, Bungoma, 15-49 years
No schooling, % 3.6 0.0 0.9 All women, Bungoma, 15-49 years
Nulligravida, % 304 33.9 35.3 All women, national, 20-24 years
Number of children born, mean (SD) 1.7(1.6) 15(1.6) 1.1° All women, national, 20-24 years
Number of desired children, mean (SD) 3.7(14) 34(11) 3.6 All women, national, 15-49 years
Unmet need for spacing, % 78.6 82.1 90.5 Currently married womenC, national, 15-49 years
Past use of family planning, % 75.0 67.9 30.5 All womend, national, 15-49 years
Number methods known, mean (SD)® 9.7 (1.9) 9.4 (2.5) 8.7° All women, national, 15-49 years
Not exposed to family planning messages, % 214 179 18.9 All women, Western, 15-49 years

3N/A: not applicable.
bStandard deviation not reported.

SCurrently married women with an unmet need for family planning.
%Women who started an episode of contraceptive use within the 5 years preceding the survey and discontinued within 12 months.
€Asked about knowledge of 12 different methods.
"Did not hear or see afamily planning message on aradio or television or read in a newspaper or magazine in the past few months.
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Table 2. Correlates of intervention uptake.
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Characteristic? Dependent variable (tried intervention) P vaue
Age, beta (SE) -.04(.02) .06
Married or in aunion, beta (SE) -.16 (.20) 44
Identifies as Christian, beta (SE) 44 (.33) .20
Identifies as amember of Luhyatribe, beta (SE) -.01(.18) .97
Attended postsecondary schooling, beta (SE) .20(.17) .25
Nulligravida, beta (SE) .09 (.24) 71
Number of children born, beta (SE) .04 (.10) .65
Desired number of children, beta (SE) .06 (.09) A7
Has unmet need for spacing, beta (SE) -.03(.24) 91
Past use of family planning, beta (SE) -.26 (.17) 14
Number of methods known, beta (SE) .01 (.03) 75
Not exposed to family planning messages, beta (SE) -.19(.20) .35
Constant, beta (SE) .71 (.58) .23
Mean of dependent variable 34 N/AC
Observations 56 N/A
R? 28 N/A
Adjusted R? .08 N/A
Residual SE 4643 N/A
F statistic 14015 43 N/A

83ample limited to women randomly assigned to the treatment group.
bCoefficients estimated through linear probability model regression.
°N/A: not applicable.

Study Attrition

Asshownin Figure 1, therewas asubstantial amount of attrition.
We obtained follow-up data from 44.6% (50/112) of enrolled
participants. Slightly more than half (56.0%, 28/50) of
participants who completed the follow-up survey did so viaan
SM Stext message (vsviaaphone call with astudy enumerator).
Table 3 showsthat attrition was higher among the control group,
but this difference was not statistically significant. Attrition was
significantly associated with a few baseline characteristics,
including postsecondary education, nulligravida, and the mean
number of children born; participants found at endline were
more likely to have attended postsecondary schooling, have
never been pregnant, and have fewer children. The impact
analysis controlsfor these baseline characteristics and the mode
of survey administration. Missing follow-up observationswere
imputed with baseline values (last observation carried forward),
which in this study was no contraceptive use on study entry.

Effects of Intervention Use

Table 4 presents preliminary evidence of the impact of the
investigational intervention on the adoption of contraception.

http://www.jmir.org/2018/7/e10756/

Wefound that assignment to the treatment group (ie, assignment
to receive an encouragement to try the intervention) led to an
increase of 12.7 percentage points in the likelihood of
contraception use. This is the reduced form estimate (ie, the
effect of the invitation—encouragement—on the uptake of
contraception). The causal effect of interest, however, is the
ratio of the reduced form estimate to the first stage estimate:
41.0 percentage points. This effect is known as LATE, and it
represents the average causal effect for women whose use of
the intervention was determined only through the random
encouragement to try the intervention. In other words, it is the
effect of using the intervention on contraceptive uptake. The
sign of this estimate appears to be positive, but the Cl iswide.

Two additional specifications are presented in Multimedia
Appendix 3: (1) ordinary least sguares estimates produced
without the use of last observation carried forward imputation
for missing data and (2) probit regression estimates. In the
models based on the subset of compl ete data (1), the estimates
and Cls are dlightly wider than those presented in Table 4. In
the nonlinear specifications (2), the results are consistent with
the linear results presented in Table 4.
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Table 3. Baseline participant characteristics by follow-up status.
Characteristic Not found (N=62) Found (N=50) P value?
Assigned to treatment, n (%) 27 (44) 29 (58) .18
Age, mean (SD) 25.0 (5.0) 24.4 (4.6) 54
Married or in union, n (%) 39 (63) 26 (52) .33
Christian, n (%) 58 (94) 49 (98) 50
Luhyatribe, n (%) 47 (76) 39(78) 96
Attended postsecondary schooling, n (%) 7(12) 14 (28) .045
No schooling, n (%) 2(3) 0(0) .57
Nulligravida, n (%) 15 (24) 21 (42) .07
Number of children born, mean (SD) 1.8(1.7) 1213 .04
Number of desired children, mean (SD) 3.7(14) 34(1.1) 13
Unmet need for spacing, % 47 (76) 43 (86) 27
Past use of family planning, n (%) 46 (74) 34 (68) .61
Number methods known, mean (SD)b 9.4 (2.3) 9.8(2.1) 31
Not exposed to family planning messages®, n (%) 14(3) 8(16) 53

#Two-sample t tests of mean differences and two-proportions z tests of differencesin proportions.

BAsked about know edge of 12 different methods.

Did not hear or see afamily planning message on aradio or television or read in a newspaper or magazine in the past few months.

Table 4. Impact on contraception adoption (N=122).

Model details? Tried intervention Adopted contraception
First stageregression esti mateP (95%Cl) Intent-to-treat estimate® (95% Cl)  Instrumental variables esti mate (95% ClI)
Assigned to treatment .31 (0.19 to 0.44) .13 (-0.01 to 0.26) N/A®
Tried intervention N/A N/A 41 (-0.03t0 0.85)
Mean in control group .02 .16 N/A

3\odels include the following controls: an indicator for mode of follow-up survey administration and several baseline characteristics, including age,
number of children born, and indicators for having attended postsecondary schooling, past use of family planning, being married or in a union, and
nulligravida.

PThe first stage regression estimate is the coefficient on assignment to treatment from an ordinary least squares regression of intervention use on
assignment.

®The intent-to-treat estimate is the coefficient on assignment to treatment from an ordinary least squares regression of contraception adoption on
assignment.

HTheinstrumental variables estimateisthe coefficient on intervention usein atwo-stage |l east squares regression of contraception adoption on assignment
and intervention use.

EN/A: not applicable.

During a recruitment period that lasted 4 weeks, we screened
772 women for eligibility, but only enrolled 14.5% (112/772)
in the study. At thisrate, it would have taken another week to
reach our original target sample size. While this approach was
feasiblein terms of time and resources, it wasinefficient in two
ways. First, two-thirds of women who were ineligible to enroll
did not meet the basic eligibility criteriasuch as age, residence,
and phone ownership. Screening out these women was not time
intensive, but we could have eliminated some work and
inconvenience to interested women by more clearly stating the
criteria on the market stall signage. Second, 1 out of every 3
ineligible women was ineligible because they did not have an
unmet need for family planning. To some extent, this was

Discussion

Principal Findings

This pilot study demonstrates that the proposed recruitment,
encouragement, and data collection procedures arefeasible, but
some modifications are necessary prior to conducting afull trial.
Additionally, analysis of the pilot data suggests that the
investigational intervention may have a positive effect on
contraceptive uptake among women with an unmet need in
Kenya, but a full tria is required to replicate the direction of
this effect and more precisely estimate the effect size.
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unavoidable because we did not directly recruit women with an
unmet need, but rather embedded checksfor eligibility in ashort
screening available to all women in the eligible agerange. In a
future trial, it may be advantageous to recruit from other
subpopulations in addition to open-air markets to increase the
probability that the pool of potentia participants will have an
unmet need. For instance, recruiting from postsecondary
institutionswould enable usto reach younger, unmarried women
who may be sexually active but not using contraception.
Postnatal clinics are another potential venue for recruitment as
there is a high unmet need among new mothersin this region.

We used a randomized encouragement design to account for
expected two-sided noncompliance with treatment assignment.
Women assigned to the treatment group received an invitation
viaan SMS text message to try the intervention, and 33.9% of
these women accepted the invitation, a conversion rate that
appears to be consistent with SMS text message marketing
conversion rates observed in industry [31]. By comparison,
1.8% of control participants tried the intervention. The
encouragement led to a differential rate of intervention uptake
of 32.1 percentage points, thereby making causal identification
possible using assignment to treatment as an instrument.

The intervention uptake rate is important because incomplete
uptake requires an inflation of sample size estimates that are
based on fixed parameters for power, alpha, and the desired
minimal detectable effect size for traditional randomized
controlled trials. Another important consideration for the optimal
sample size is attrition. In this study, 44.6% of enrolled
participants completed the follow-up survey via an SMS text
message or a phone call with a study enumerator. We did not
collect detailed tracking information from participants during
the recruitment process, so we could only invite participants to
complete the survey viaan SM S text message. In afuturetrial,
it will be important to have the option to conduct in-person
follow-up to reduce study attrition. Other studies that relied
solely on SMS text message invitations as we did have
encountered similar challenges[13].

A third key consideration for sample size calculations is the
minimal detectable effect size. In this study, the instrumental
variables estimate of the treatment effect was an increasein the
likelihood of contraception uptake of 41.0 percentage points

Green et a

among the treatment group memberswho tried the intervention.
Thisisan approximate standardized effect size of 1.1; however,
thisis only a point estimate, and 95% ClI is wide. While the
results suggest that the intervention effect may be positive, the
point estimate is not measured precisely. The effect observed
in this study is large relative to other SMS text message
interventions for health behavior change [13,32,33], so it will
be important to use a more conservative estimate to determine
the optimal sample size for the full trial.

Limitations

The main limitation of this study was attrition. While attrition
was not significantly associated with treatment assignment,
found and unfound participants at endline differed on a few
baseline characteristics. The preliminary impact analysiscontrols
for these differences, but selection biasisaconcern. Our reliance
on self-reported data, while standard for a trial like this, aso
has the potential for bias.

As this study was conducted in only one, largely rural county
in Kenya, the results may not generalize to urban or international
markets. Additionally, the study was conducted at a unique and
challenging time. A few days after the end of the recruitment
period, Kenyansvoted in anational election that was ultimately
nullified by the Supreme Court. A second election took place
on October 26, 2017, roughly 2 weeks after the treatment group
was encouraged to try theintervention. Thenin early November,
a 5-month national nurse's strike came to an end, and nurses
around the country—including the bulk of the country’sfamily
planning service providers—returned to work. In short, the pilot
study was conducted during a period of uncertainty, likely
distrust of SMS text message marketing amid heavy political
advertising, and a significant decrease in the availability of
family planning providers. Given these extenuating
circumstances, we attempted to follow-up with participants
approximately 4 months after the treatment group was
encouraged to try the service rather than 1 month as originally
planned.

Conclusions

This randomized encouragement design and study protocol is
feasible but requires modifications to the recruitment,
encouragement, and follow-up data collection procedures.
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Abstract

Background: Remote measurement technology refers to the use of mobile health technology to track and measure change in
health statusin real time as part of aperson’s everyday life. With accurate measurement, remote measurement technology offers
the opportunity to augment health care by providing personalized, precise, and preemptive interventions that support insight into
patterns of health-related behavior and self-management. However, for successful implementation, users need to be engaged in
its use.

Objective: Our objective wasto systematically review the literature to update and extend the understanding of the key barriers
to and facilitators of engagement with and use of remote measurement technology, to guide the development of future remote
measurement technology resources.

Methods: We conducted a systematic review using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelinesinvolving original studies dating back to the last systematic review published in 2014. We included studies if they met
thefollowing entry criteria: population (people using remote measurement technology approaches to aid management of health),
intervention (remote measurement technology system), comparison group (no comparison group specified), outcomes (qualitative
or quantitative evaluation of the barriers to and facilitators of engagement with this system), and study design (randomized
controlled trials, feasibility studies, and observational studies). We searched 5 databases (MEDLINE, |EEE Xplore, EMBASE,
Web of Science, and the Cochrane Library) for articles published from January 2014 to May 2017. Articles were independently
screened by 2 researchers. We extracted study characteristics and conducted a content analysis to define emerging themes to
synthesize findings. Formal quality assessments were performed to address risk of bias.

Results. A total of 33 studies met inclusion criteria, employing quantitative, qualitative, or mixed-methods designs. Studies
were conducted in 10 countries, included male and female participants, with ages ranging from 8 to 95 years, and included both
active and passive remote monitoring systems for a diverse range of physical and mental health conditions. However, they were
relatively short and had small sample sizes, and reporting of usage statistics wasinconsi stent. Acceptability of remote measurement
technology according to the average percentage of time used (64%-86.5%) and dropout rates (0%-44%) wasvariable. The barriers
and facilitators from the content analysis related to health status, perceived utility and value, motivation, convenience and
accessibility, and usability.

Conclusions: Theresultsof thisreview highlight gapsin the design of studiestrialing remote measurement technol ogy, including
the use of quantitative assessment of usage and acceptability. Several processes that could facilitate engagement with this
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technology have been identified and may drive the development of more person-focused remote measurement technology.
However, these factors need further testing through carefully designed experimental studies.

Trial Registration:

https.//www.crd.york.ac.uk/PROSPERO/display_record.php?Recordl D=60644

http://www.webcitation.org/70K4mThTr)

(J Med Internet Res 2018;20(7):€10480) doi:10.2196/10480
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International Prospective Register of Systematic Reviews (PROSPERO) CRD42017060644;

(Archived by WebCite at

mHealth; technology; engagement; systematic review; telemedicine; remote sensing technology; patient participation; review

Introduction

Globa smartphone ownership has increased, which provides
ready access to the internet, and a means of actively logging
information and passively gathering big data [1]. Alongside
this, a surge in the availability of wearable devices (eg, smart
watches and fitness trackers) has enabled continuous and
real-time collection of biosignatures and accelerometry [2].
These mobile tools, and platform infrastructures surrounding
them, could provideintelligent remote measurement technol ogy
(RMT) to support health management. Direct feedback, for
instance information about sleep quality, heart rate, mood, and
activity, could enable users of RMT to play a more active role
in managing their own health that is integrated into daily life.
Similarly, feedback to health care professionals could facilitate
efficient and timely decisions about treatment. Although these
tools have the capacity to augment and extend health care
opportunities, they also come with challenges associated with
acceptability. A clear understanding of the key barriers to and
facilitators of engagement for all stakeholders is an essential
part of developing feasible, acceptable, and desired RMT
systems.

Engagement is defined as the extent to and manner in which
people actively use aresource and has been operationalized as
amultistage processinvolving the point of engagement, aperiod
of sustained engagement, disengagement, and reengagement
[3]. Many factors may influence this engagement process at
different time points. Indicators of poor engagement may include
low initial uptake from the first point of contact or reduced
interaction over time, in some cases leading to complete
disengagement or dropout. Davis et a [4] conducted a
systematic review of the feasibility and acceptability of RMT
in primary care from the perspective of staff. They extracted
themes from 16 studies, which included concerns regarding
changesto roles and responsibilities, the need for extraresources
and training, and questions about the usefulness of the dataand
overtreatment of patients. However, they also highlighted the
benefits associated with direct patient education. They
emphasized the need for target users, that is, people living with
health problems, to be involved in product development and
implementation, but the engagement of these target users was
beyond the scope of their previous review.

The purpose of this systematic review wasto update and extend
the understanding of the barriers to and facilitators of
engagement with RMT systems for target users. We defined
RMT following Davis et a [4], and we categorized it into
passive (data are obtained by on-body biosensors and built-in

http://www.jmir.org/2018/7/€10480/

smartphone sensors) and active RM T (requires someinteraction,
such as completing short questionnaires at repeated time
intervals). Passve RMT may interact with active RMT, by
sensor activation prompts to perform an action. The review
followed the population, intervention, comparison group,
outcomes, and study design framework, to answer questions
related to barriers to and facilitators of engagement with RMT
systems. We achieved this through analysis of the qualitative
feedback and quantitative data, such asratings scalesand usage
statistics gathered from people using RMT. The aim was to
extend the evidence in this area to guide the development of
future RMT resources.

Methods

Following the Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, we conducted a
systematic review of studies to answer the question “What are
the barriers to and facilitators of engagement with remote
measurement technology?’ We registered the trial with the
International Prospective Register of Systematic Reviews
(PROSPERO registration number CRD42017060644).

Inclusion Criteria

Weincluded studiesif they met the following criteria: (1) were
published in English; (2) included health care RMT, defined as
any mobile technology that enables monitoring of a person’s
health status through aremoteinterface, with the data then either
transmitted to a health care provider for review or to be used as
ameans of education for the user themselves [4]; and (3) were
origina studies published from January 2014 reporting the
results of questionnaires, interviews, focus groups, and other
indicators (eg, reasonsfor dropout), providing information about
barriers to and facilitators of engagement with RMT systems
using mHealth tools. We stipulated no diagnostic exclusions,
so we included people using RMT to support any physical or
mental health condition and healthy populations where
interventions focused on improving general well-being.

Search Strategy

We searched Ovid MEDLINE, IEEE Xplore, EMBASE, Web
of Science, and the Cochrane Library using the combined terms
“remote” or “mobile” and “technology” or “devices,” aong
with “telemedicing” and “mHealth.” Multimedia Appendix 1
provides details of all search strategies. The initial search was
completed in July 2016 and the process was repeated in May
2017. Two authors (SSand FM) independently screened articles
by titles, abstracts, and then full texts to assess whether they
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met theinclusion criteria. The repeated screening on the second
batch of articles was carried out by 2 other authors (BG and
HC).

Data Abstraction and Synthesis

Study Characteristics

We extracted the following data: (1) device type and RMT
system (including active and passive data); (2) population
characteristics, including diagnostic categories, sample size,
time using RMT, and the country in which the study was
conducted; and (3) methods used to gather qudlitative
information on the feasibility and acceptability, grouped as
follows. usage statistics, questionnaires, structured or
semistructured interviews, focus groups, and descriptive
feedback.

Content Analysis

One author (SS) read and reread the results reported in articles
published from January 2014 to July 2016 to extract individual
barriers and facilitators (defined as* a circumstance or obstacle
that may prevent the adoption of remote measurement
technology” or “make adoption easy or easier”). The coding
frame was devel oped by 3 authors (SS, BG, and HC) using these
data. It consisted of the following themes. health status,
usability, convenience and accessibility, perceived utility, and
motivation, with subthemes. This coding frame was then tested
on afurther batch of articles published from June 2016 to May
2017 (coded by authors BG and HC and discrepancies eval uated
by SS). This replication test allowed for a validation and
potential extension of the initial coding frame.

Multimedia Appendix 2 and Multimedia Appendix 3 provide
an overview of all coded barriers and facilitators. Some
subthemes were mentioned as both a barrier and a facilitator
depending on circumstances, and were coded separately.
Multimedia Appendix 4 summarizes all quotes extracted and
coded from each of the articles.

Assessing Study Quality

Methodological quality was assessed by 2 independent raters
using the Mixed Methods Appraisal Tool (MMAT) [5]. The
MMAT isa21-item checklist of 5 research designs, with scores
ranging from 0 to 1 in increments of 0.25. The MMAT does
not provide a categorical distinction between studies of low or
high quality; rather, it provides adescriptive framework of study
quality. Interrater reliability has been reported to range from
moderate to perfect (kapparange .53-1; Pace et a [5]).

Results

Study Selection

Of the 3187 abstracts and titles identified, 33 original articles
met our inclusion criteria (see the PRISMA flow diagram in
Figure 1 for abreakdown of this process). Multimedia Appendix
5 [6-38] presents study characteristics and participant
demographics.

http://www.jmir.org/2018/7/€10480/
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Participants

Studies varied in their sample size (7-365 participants), as well
as the age (8-95 years) and sex of participants (30 studies
included both male and femal e participants).

Study Char acteristics

Studies were conducted in 10 countries. the United States
(n=24), United Kingdom (n=1), Canada (n=1), Taiwan (n=1),
Sweden (n=1), Poland (n=1), Austraia(n=1), Switzerland (n=1),
Germany (n=1), and New Zealand (n=1). Study durationsranged
from 1 to 13 months, and 3 studies consisted of only a single
individual or group session.

Remote M easurement Technology Char acteristics

A total of 6 studies used passive RMT, including wearable
pedometers and accel erometers, and built-in smartphone activity
monitors (see Multimedia Appendix 5). Most studies used active
RMT (n=17), including smartphone-based systems (eg,
ecological momentary assessment, patient-reported outcome
measures, and activity logs) and wireless monitoring devices
(eg, blood pressure monitors and weight scales). Both active
and passive RMT were used in 10 studies.

RMT systems provided feedback to users (n=17), members of
the users’ health care team (n=7), or both (n=9). Feedback was
provided in variousforms, including visual displays (eg, graphs),
report summaries, historic reporting patterns, and messages (eg,
health advice and motivational feedback).

Health Conditions

The studies covered many health conditions, with most
concentrating on 1 condition (n=17). A total of 2 studiesfeatured
more than 1 physical health diagnosis (diabetes and obesity,
and multiple genetic blood disorders). Only 4 studiesrelated to
mental health conditions such as psychosis and posttraumatic
stressdisorder, and 2 studiesincluded both physical and mental
health conditions (eg, depression and type 2 diabetes, HIV, and
substance use disorders). The remaining studies supported
genera health and well-being (n=7), and smoking cessation
(n=1).

Assessment of Outcomes

In total, 27 studies employed quantitative methods to identify
barriers to and facilitators of using RMT systems, including
usage statistics (n=20) and questionnaires (n=19). Most
guestionnaires (15/19, 79%) were unvalidated measures
devel oped for the study. Only 4 studies used validated measures,
including the System Usahility Scale, the Telehealth Usability
Questionnaire, and the Technology Acceptance Model
Questionnaire. Similarly, types of usage statisticsreported varied
greatly between studies. Of these 27 studies, 9 employed a
mixed-methods design and asked for qualitative information
(ie, from semistructured interviews and focus groups) and
guantitative information from their users; 6 studies employed
purely qualitative methods.
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Figurel. Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection. RMT: remote measurement

technol ogy.
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Of the reviewed studies, 2 obtained the maximum score of 1 on
the MMAT [6,7], with the remaining studies scoring 0.75
(n=13), 0.5(n=11), or 0.25 (n=7). Higher ratingswere prohibited
for arange of reasons, including alack of adequately reported
information regarding researchers’ influence on the qualitative
findings and their generalizability, description of sampling
method, and method of analysis.

Quantitative M easures. Engagement and Adherence

Of the 5 studies that reported on the average number of times
the RMT system was used, 3 reported the total number of
interactions and 2 reported the number of days that people
interacted with the app; 2 reported on the percentage of people
who wore the wearable device for the whole study; and 4 set a
threshold for the appropriate level of adherence (which varied
between studies) and reported the percentage of people meeting
theserequirements. The remaining studiesreported idiosyncratic

http://www.jmir.org/2018/7/€10480/

variability severely limited quantified conclusions. For the few
studies that reported the average percentage of time used, this
ranged from 64% to 86.5% [8-10]. The average total number
of interactions varied between 8.5 and 29.7 and may have
depended on the type and length of the intervention [6,11,12];
the lowest level of interaction was with video content and the
highest was with a person via a text message. The average
numbers of interactions per week also varied between 3.5 [13]
and 12 times per week [14]. The average percentage of people
who wore the wearable device for the duration of the study
ranged from 50% to 75% [15,16], and the percentage of people
meeting a prespecified threshold for adherence varied from
41.7%1081.8%[7,9,12,17]. Although studies reported varying
degrees of attrition[10,13,18], dropout rate reporting was more
frequent and ranged from 0% to 44% with a mean of 11.0%
(SD 11.4). Table 1 summarizesthe reasons reported for dropout.
Overall, there was significant variation across studies, and there
was no specific measure that is comparable across studies.
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Reason for dropout Frequency  Related theme

Lost or stolen smartphone 23 Usability

Technical malfunction (eg, smartphone corrupted, not receiving texts, or delivery delays) 7 Usability

Exacerbation of health condition, including participants who were injured or died during the course 6 Health status

of the study

Deleted app 3 Usability

App not compatible with existing smartphone 3 Convenience and accessibility
Unexpected usage patterns (eg, switched smartphone off in between answering surveys, left smartphone 3 Perceived utility

plugged into charger, used smartphone in airplane mode)

Moved out of area or was discharged from hospital 3 Convenience and accessibility
Sold smartphone 2 Perceived utility

Changed mobile phone or service plan 2 Convenience and accessibility
Practical technical difficulties (eg, not being able to download the app) 2 Usability

Broken smartphone 1 Usability

Inconsistent wireless network 1 Convenience and accessibility
App consumed too much battery 1 Usability

System too slow 1 Usahility

Unspecified reason 11 Not applicable

Qualitative Analysis: Themesof Barriersand
Facilitators

We divided themes into 5 major categories that made up a
coding frame for structuring the minor themes. The two batches
of articles (2014-2015 and 2016-2017) yielded subthemes that
fitted within the same coding frame, with all major themes
represented across the two time periods providing evidence of
vaidity. No new themesarosein the later studies. Thefollowing
section describes the findings for each major theme, with
barriers and facilitators in italics. Multimedia Appendix 2 and
Multimedia A ppendix 3 display the categorization of subthemes
for active RMT and passive RMT (including combinations of
active and passive RMT), respectively.

Health Status

Exacerbations in health conditions, such as a chronic heart or
respiratory condition, or episodes of being acutely unwell, such
asexperiencing asicklecell crisis, have been reported to disrupt
engagement and RM T use[6,10,18]. Thisdisruption wasrelated
to a change in environment (hospital rather than own home)
[6,18], as well as the acute exacerbation of health problems.
Other longer-term health-related barriersto engagement inRMT
included difficulties dueto poor vision [19]. Thiswas discussed
inthe context of older age; however, thiswas not tested directly.

Usability

Technical malfunctions were by far the most widely reported
barriers, with 11 studies reporting ways in which these factors
affected usability of the RMT systems [6,10,17,20-27]. This
included not receiving natifications or receiving them at the
wrong time, disappearance of the app, freezing of the system,

losing power or restarting without warning, and difficulties
connecting remote (wearable and other smart technology)

http://www.jmir.org/2018/7/€10480/

devices with apps. Studies reported that this led to participant
withdrawal [6], dataloss[17,23,24], or significantly fewer data
entries (eg, by 35%) [10].

Ben-Zeev et ad [8] reported that clarity of information enhanced
usability and facilitated engagement. In their study, 90% of
participants reported that they thought they could learn to use
the app very quickly, but no data were provided to suggest that
these self-reports were valid. For other studies, difficulties
inputting information into apps was a reason for discontinuing
[15]. This may have depended on the type of data, length of
time that participants were required to log data, or the value
that people placed on the feedback, but a theme around
engagement being potentially facilitated by clear and simple
tasks emerged.

Where technical malfunctions and complexities in terms of
usability arose, practical support was sometimes necessary.
Some studies reported that problems such as “creating user
accounts, answering intake question and navigating content due
to unexpected behavior of keyboards, scroll bars, buttons, and
other interface widgets’ could be addressed with minor
adjustments [22], athough the authors provided no data on
changes that had improved engagement. Engelhard et al [9]
reported that where technical difficulties arose all could be
solved by aphone call with the study coordinator; these authors
offered no datato back up this claim.

In addition to technical functionality and clarity of information,
we grouped other subthemes under the broader theme of
usability. Speed of the system was a potential influence on
engagement, with 1 participant withdrawing from a study due
to frustrations with the slowness of the system [6]. Use of larger
devices (smart tablets vs smartphones) in 1 study resulted in
significantly more diary entries (by 30%) [10]. Given that this
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difference emerged between 2 groups, it isunclear whether this
arose from individual preferences or that larger devices led to
better engagement. However, in another study that compared
within-group differences, only 20% (10/51) of participants aged
between 50 and 94 years were reported to be capable of using
asmartphone, as opposed to alarger smart tablet for data entry
and active monitoring; of these 10 people, only 3 considered
the smaller device easy to use [28]. Lost or damaged device
was a clear barrier to usability and participation, mentioned in
4 studies[8,13,15,26]. Further disruptionsto response collection
due to changes in service plans such that participants could no
longer receive text messages [17] or excessive consumption of
the smartphone battery [29] were mentioned asabarrier to data
entry completion in another study [10].

Convenience and Accessibility

Compatibility with one's existing routine, including the ability
to use your own devices, appeared as a subtheme. Ding et a
[29] reported that 2 participants withdrew because the app was
unableto function on their personal smartphone. Peng et al [30]
stated that, even though the app functioned correctly,
participants did not necessarily use it if other strategies, such
as paper logbooks, aready satisfied their needs. What is not
clear from this study is at what point participants disengaged:
immediately or after a trial period? Convenience was limited
when there were restrictions on the placement of the wearable
device—for example, participants had to carry their smartphone
in their pocket [31]. However, resulting data loss was not
reported. Systems that provided opportunities for passive or
automatic data collection were endorsed as being more
convenient where this approach met the objectives of RMT
[32], but the impact on adherence was not afocus of the study.

Where users were required to actively engage with data
collection (active RMT), the presence of natificationsfacilitated
engagement [ 14,20]. These natifications becamelessimportant
once the monitoring had become part of the participant’s daily
routine [14]. Surveys were much more likely to be completed
if userswere prompted with anotification. For instance, 93.5%
of check-in surveys were completed following a notification
rather than being self-initiated [12]. But other systems seemed
to be able to produce high engagement even from self-initiated
reportswithout prompts. For instance, astudy by Ben-Zeev and
colleagues achieved 62.5% adherence to data coll ected on mood,
sleep, medication use, and psychosis symptoms [8]. But
notifications can also be a barrier when they are not received
at the right time; Cushing et al [20] and Juengst et a [23] and
other studies reported that participants requested the ability to
postpone responses to notifications so they might answer them
at a convenient time [33], but there is no evidence that when
this was done there was an improvement in engagement.

Other major barriers were related to participants’ access to
resources such as websites and videos due to a poor internet
connection or lack of a Wi-Fi connection, and use of old
computer systems [10,11,15]. This caused difficulties with
specific processes such as setting up resources [21], with 2
participants withdrawing due to difficulties in acquiring a
consistent wireless service [14]. Other problems with
accessibility included poor telephone network coverage, which
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caused delays in receiving text messages [15] and, in 1 case,
resulted in 39% of participants missing training sessions [7].

Lack of familiarity with and knowledge about how to use
technology, such as websites, smartphone apps, and wearable
devices, was reported as a challenge with using RMT systems
and a source of frustration for participants [21,26]. But the
impact on engagement was not quantified. Forgetfulness was
raised as interfering with the individual’s ability to access
passwords, complete questionnaires, wear their device, and sync
their wearable device to their smartphone [10,16,21,26], but
this was not quantified. Digital literacy and other practical
barriers were overcome through offering instructions and
support from the study coordinator [9,28]. Research into the
type of support necessary to increase engagement was lacking
and may be a subject for future reviews.

Other barriers within this theme included RMT systems not
being adequately tailored to the disability status of individual
participants. In the study of Engelhard et a [9], some
participants felt that questions were irrelevant to them and did
not want to continue reporting symptoms that showed no sign
of change. The authors suggested integrating adaptive
patient-reported outcome measures. Cultural relevance of study
support materials was aso reported to enhance engagement
[25]; however, this was a qualitative study that provided no
evidence of how it enhanced engagement.

Perceived Utility

Perceived Rewards

The results of 4 studies demonstrated a positive and motivating
effect of feedback [11,32,34,35]. Buchem et al [34] reported
that 50% of participants felt motivated by virtual rewards such
as badges (ie, an indicator of accomplishment, skill, quality, or
interest that can be earned). Dale et al [11] reported that 67%
of participantsliked receiving motivational textsfromthe RMT
system. Theresultswereless clear in the remaining studies, but
some participants reported a benefit associated with learning
about their real-time activity [32] and talking about app data
with a study coordinator [35].

Further incentives that were suggested to increase motivation
to engage included social sharing and comparison [16,32,36]
or gaming features, including monetary rewards [20]. Another
aspect reported to be “enjoyable” in 1 study was the receiving
the training instructions, which was seen to be an important
contributor toward increased engagement [34].

Perceived Costs

Financial costswere aclear barrier to engagement in 2 studies.
Ho et al [36] found that 56% of their sample, based on their
current income, would have struggled to afford a program that
required payment of a large initial sum, followed by smaller
regular payments. Naslund et al [16] reported that commercially
available, wearable tracking devices alone were seen to be
expensive and difficult to obtain for individuals with a low
income. Some participants who were provided with devicesthat
were perceived to be expensive werefound to sell or pawn them
[13].
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Privacy concerns were also reported in 1 study, in which a
participant disengaged and switched their mobile phone to
airplane mode due to concerns about being tracked [13]. This
study investigated an RMT system for people with psychosis
and was the only study to raise concerns about privacy as the
reason for disengagement. Disengagement was, however, raised
in relation to other issues such as feeling uncertain about the
user benefits and the reliability or accuracy of the data being
recorded [15,28].

M otivation

The value of the RMT system appeared to be affected by
peopl€'sintrinsic motivation to learn and sustain engagement.
The impact of perceived rewards on mativation has already
been mentioned, but these studies did not quantify this effect
or report the impact across time. One additional study
highlighted that, over time, active RMT became burdensome,
and this affected 1 participant’s motivation to engage [30].
Others reported that boredom had a negative impact on
engagement [32]. The magnitude of this negative impact was
not measured and discussed. Extrinsic motivation and reception
from others (eg, clinicians) also affected use, with participants
reporting areluctanceto try mHealth technologiesif their doctor
did not recommend it [30]. However, this finding was reported
in the context of ahypothetical scenario rather thanin atrial of
an actual RMT.

Relationship Between Adherence and Themes

Dropout is a clear indicator of problems with engagement.
Reasons for dropout spanned severa of the qualitative themes,
with problems related to usability of the wearable device and
the smartphones apps being the most frequent. Convenience
and accessi bility was the second most frequent theme. The study
that reported the greatest percentage of dropouts included one
of the largest samples (n=342) and followed people with a
diagnosis of psychosis for 6 months. Studies that reported no
dropouts or the odd person dropping out were much smaller
(ranging from 8 to 51 participants), and dropout may not be
possible to understand here, as the sample might have been
highly selective. There was no significant relationship between
the percentage of people who dropped out and the length of the
intervention in days (r,g=.19, P=.31).

A tota of 10 studies reported on the impact of variables on
adherenceintermsof compliance and use of an mHealth device
over time. The themes included hedth status, with greater
physical disability [9] and mental health problems (symptoms
of posttraumatic stress disorder) [17] being associated with
better engagement (i e, participants exceeded usage requirements
and provided more responses, respectively), but rehospitalization
being abarrier to engagement [13,18]. I ssuesto do with usability
was the second most common category, with technical
difficulties accounting for poorer compliance (eg, missed
assessments) [10,23], and use of larger mobile tablet, as
compared with asmartphone, being significantly higher [10,28].
Confidence in one's ability to maintain an exercise regimen
correlated with percentage of ecological momentary assessment
responses [33]. Sociodemographic factors have also been found
to influence use of mHealth technology, with age appearing to
moderate use [10,28]. Lower household income, higher level
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of education, and male sex have been found to be facilitators
for mHealth technology use [9,28,34].

Discussion

Factor s Driving Engagement

Many of the factors discovered are consistent with the
engagement attributes previoudly reported by O’ Brien and Toms
[3] in their model for engagement with technology. They
described a dynamic model, where engagement is a continual
cycle of engagement, disengagement, and reengagement that
persistsover time. Whilethey described many factorsthat drive
engagement with technology in general, RM T to manage health
outcomes is a specific and unique technology, in which
health-related symptoms and potential moderators offered by
health care providers should be considered. Building on this
work and using themes from this review, we present a model
of the most prominent influences on RMT engagement,
including key facilitators (Figure 2).

Engagement in our model is moderated by health status,
usability, convenience and accessibility, perceived utility, and
motivation to engage. Engagement may beat its strongest when
the user is able to use the technol ogy, perceives the technology
to be useful, and wants to use the technol ogy.

Health Status

Of particular importance to RMT systems for management of
health outcomes is the health status of the user. Health status
will inevitably have an impact on what constitutes a usable,
convenient, accessible, or valuable feature of an RMT system.
As an example, being unwell and outside of one's usua
environment or routine (eg, in the hospital) led to disruptions
in engagement and dropout [6,10,18]. However, some evidence
suggests that people who were experiencing a higher level of
problems (eg, greater physical or mental disability) engaged
better [9,17]. While health severity and need for support may
increase one's motivation to participate, factors such as health
condition and disability status, including typical or fluctuating
symptoms, should always be considered in the design and
implementation of RMT systems for management of health
outcomes.

Usability

At the heart of this proposed model is usability. There may be
individual differences that moderate usability, including
variables such as age, past experience with technology, and
exacerbationsin health conditions and disability status, aswell
as the influence of how the system is designed. Problems with
usability were the most common reasons for dropout from the
studies. Thereisevidencethat older adultswere harder to engage
[19,28,37]. Thiswas partly because some were unfamiliar with
using mHealth tools such as smartphone and wearable devices
or did not feel motivated to learn new skills, but also because
the devices were of unsuitable size to accommodate changing
needs (eg, larger, more legible font sizes). Where content is
presented clearly, such as in a smartphone app, and adequate
support (actions or resources designed to help users work
through challenges posed by the system) is offered, engagement
seems to be facilitated [8].
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Figure2. Model of barriersto and facilitators of engagement with remote measurement technol ogy.
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However, the specific parameters for this support are unknown
and need further research with clearly quantifiable outcomes.
In addition, involvement of user experience methodsisimportant
for the devel opment of usable mHealth toolsfor RMT systems
in the future, with coproduction and user-centered design
processes to validate choices [39].

Convenience and Accessibility

The need to be able to integrate the RMT system into a user’s
normal routine was clear. Participants preferred toolsthat fit in
with daily routines and tools that have already been adopted,
with some disengaging and dropping out if unacceptable
alternatives were offered. Personalization and demonstrating
flexibility, interms of taking into account the specific disabilities
and needs of clinical groups, may bekey inthe design of usable
RMT systems. Thismay includeindividual goal setting of dates
and timesfor study activities, opting in or out of certain tracking
activities (eg, reducing intrusiveness), or accommodating for
health-related differing abilities. It may be important to note
that forgetfulness emerged asakey barrier to engagement, which
may suggest that the cognitive burden placed on individuals to
remember to complete RMT schedules, in these studies, was
too great. The value of notifications and remindersto carry out
tasks has been demonstrated through usage statistics. That said,
the magnitude of the effect varied between studies, with 1 study
demonstrating a much bigger impact of notifications. This
suggests that other factors moderate the likelihood of
self-initiated engagement. Prompts have been mentioned to help
aid memory, but there was some suggestion that the timing of
these strategies may be important [17] and that there may be
individual differencesin preferences, with notificationsthat are
too frequent being experienced as intrusive [32], thereby
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increasing cognitive burden. However, the studies did not
mani pul ate these factorsin an experimental design to test their
impact, and this needs further research. Additional practical
problems, such as poor Wi-Fi access, mobile data and network
coverage, or compatible devices proved prohibitive to
engagement [14,15,21]. Individual adaptation is exemplified
by the size of devices. In some studies participants wanted
smaller, more portable devices [31], and in other studies
participants expressed the desire to have bigger monitorsto be
able to see their health data and complete the surveys more
easily [19]. Balancing these goals may be a challenge for the
development of future resources and may require coproduction
with users to determine what is acceptable given a specific
context. Some flexibility may be possible, for example, the use
of responsive app designs that scale to the device being used.
However, with the likelihood of large individual variation, this
will be a magjor challenge for implementing RMT. Further
research is needed to better quantify the magnitude of other
potential facilitators that may help to overcome the barriers
associated with convenience and accessibility.

Perceived Utility

We proposethat increasing the rewards of using RMT increases
the overall perceived value of the system in the face of some
potential costs. Costs included financial costs of purchasing
equipment, as well as concerns about privacy and reliability or
accuracy of the data collected. As a strategy for increasing
rewards associated with RMT systems, feedback is generally
accepted, tolerated, and, in some cases, actively sought by users
of RMT systems. In this context, feedback is considered to be
additional information that participants receive from an RMT
system about their health, their participation, or the larger
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program from which users and participants can derive value.
This could include health information, rates of participation or
adherence, metrics defined in goal-setting exercises, positive
reinforcements, or general information about the study or their
health condition. It was commonly reported that participants
would like to receive more feedback [17,22,26], with some
concluding that future effortsto improve long-term engagement
should include positive reinforcements [10]. There is some
emerging evidence for a role of social comparison and of
incentives through gamified competition and monetary rewards
on maintaining engagement. What is not yet known iswhat is
the most effective method of providing feedback and incentives,
and it may be important to note that perceptions of reward may
differ between individuals. People with more severe health
problems may be more likely to engage with RMT. This may
belinked to perceived utility, as people with worse health status
may perceive greater potential benefit to using the RMT.

M otivation

Motivation was asmaller but important category emerging from
the analysis of the results of previous studies using RMT
systems for the management of health outcomes. Without
motivation, participants may not engage with theinitial process
of learning how to use a new system, and this category is
inextricably linked to all other factors discussed previoudly.
Even if users are familiar with mHealth tools such as
smartphones and wearable devices, they may need additional
motivation to integrate a new set of behaviors, such as
responding to surveys. Lack of motivation is therefore a
fundamental barrier to engagement. The factors presented thus
far should be considered not just at the initiation of the study,
but also as engagement is managed over time, because
perceptions of the technology’s value or usability may change
with prolonged use (eg, if expectations are not met). Therefore,
we recommend steps to increase, or mitigate decreased,
motivation with an RMT system to maintain motivation, and
therefore engagement, over time.

Limitations of Previous Research and Future
Recommendations

Facilitators identified include convenience and accessibility,
perceived utility, and motivation, but these factors are drawn
from of pool of studies that varied greatly in terms of their
quality. In addition, we conceptualized engagement as a process
that should include disengagement and reengagement when
required, but most findings reported in the studies included in
this review relate to moderators of initial and sustained
engagement. Although in our model we tentatively propose a
feedback 1oop between the point of disengagement and the same
barriers and facilitators affecting initial and sustained
engagement, it is possible that factors affecting reengagement
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may be different, and this was not the focus of the studies.
Future research should focus on the entire engagement process
and quantify the impact of specific variables on engagement in
terms of observable changes in usage statistics in rigorous
experimental design. Some examples might be looking at the
impact of different types of support (automated messages vs
personalized messages vs direct human support) on the number
of interactions and overall time spent using a smartphone app
or wearable device. The impact of different types of feedback
(immediate vs delayed vs no feedback) and data visualization
or communication methods (graphs vs text messages vs
discussion with a study coordinator) or environment (hospital
vs home-based use) also need to be explicitly tested. Careful
experimental manipulation ismissing from theliteratureto date
and, to be able to compare across these conditions, quantitative
measures and usage statistics al so require more standardization.
A similar conclusion has aso been drawn when considering
adherence[40]. Asaminimum, the number of interactionswith
apps (both total interactions and numbers of days) and time
spent wearing devices relative to the length of the trial needs
to be collected.

It isnot enough for software devel opersto consider their systems
in isolation from the individuals who may be using them. One
of the main ways to develop engaged systems is to begin with
codesign with those individuals who will be using the system.
This is especially important for those involved in providing
RMT for improving health. Before RMT systems are tested,
there needs to be an iterative design process that explores
acceptability, such as following the principles of user-centered
design [41,42]. The feedback gathered may be qualitative, and
some of this exploratory work has been conducted and forms
the basis of the model we present in this paper. However, this
work needs to lead into quantitative assessment as described
above.

Conclusions

The themes discovered in this review emerged across two
different time periods providing validity information, but this
evidence suggests that we are continuing to make the same
mistakes. Thereisagreat potential for RM T systemsto augment
and extend health care, but there remain clear challenges that
still need to be overcome. Two suggestions are, first, to improve
how we measure the impact of modifiable variables on
engagement in order to understand the magnitude of effects.
Second, severa studies suggest working with the target users
directly to coproduce systems that are acceptable and feasible
to use over long periods of time. Our model indicates the
interrelationship between key facilitators on the one hand, and
the person and RMT factors on the other, that could act as a
prototype for the development of RMT in the future.
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Abstract

Background: Mood disorders are common and associated with significant morbidity and mortality. Better tools are needed for
their diagnosis and treatment. Deeper phenotypic understanding of these disordersis integral to the development of such tools.
Thisstudy isthefirst effort to use passively collected mobile phone keyboard activity to build deep digital phenotypes of depression
and mania

Objective: The objective of our study was to investigate the relationship between mobile phone keyboard activity and mood
disturbancein subjectswith bipolar disorders and to demonstrate the feasibility of using passively collected mobile phone keyboard
metadata features to predict manic and depressive signs and symptoms as measured via clinician-administered rating scales.

Methods: Using awithin-subject design of 8 weeks, subjects were provided a mobile phone loaded with a customized keyboard
that passively collected keystroke metadata. Subjects were administered the Hamilton Depression Rating Scale (HDRS) and
Young Mania Rating Scale (Y MRS) weekly. Linear mixed-effects models were created to predict HDRS and Y MRS scores. The
total number of keystrokeswas 626,641, with aweekly average of 9791 (7861), and that of accel erometer readings was 6,660,890,
with aweekly average 104,076 (68,912).

Results: A statistically significant mixed-effects regression model for the prediction of HDRS-17 item scores was created:
conditional R?=.63, P=.01. A mixed-effects regression mode! for YMRS scores showed the variance accounted for by random

effect was zero, and so an ordinary least squares linear regression model was created: R?=.34, P=.001. Multiple significant
variables were demonstrated for each measure.

Conclusions; Mood states in bipolar disorder appear to correlate with specific changes in mobile phone usage. The creation of
these models provides evidence for the feasibility of using passively collected keyboard metadata to detect and monitor mood
disturbances.

(J Med Internet Res 2018;20(7):€241) doi:10.2196/jmir.9775

KEYWORDS

digital phenotype; mHealth; ecological momentary assessment; keystroke dynamics; bipolar disorder; depression; mania; mobile
phone
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Introduction

The burden of mental illnessis high. It has been estimated that
mental illness accounts for 32% of years lived with disability
around theworld [1]. Bipolar disorder isaserious mental illness
characterized by recurrent episodes of depression and mood
elevation [2] and is associated with high rates of functional
impairment, decreased quality of life, and increased rates of
mortality from comorbid medical conditions [3]. Given these
costs, it isimperative that we deepen our understanding of this
disorder to promote accurate diagnosis and effective treatment.

The ubiquity of mobile phones, smartphones in particular,
presents a new opportunity in the study of menta illness. An
estimated 64% of adults in the United States own a mobile
phone and use it for a variety of tasks, including phone calls,
Web browsing, and social media; however, the most widely
and frequently used feature on mobile phonesis short message
service text messaging [4]. These devices can be employed as
platformsfor the unobtrusive collection of myriad datathat can
be used in the study of psychopathol ogy. Ecological momentary
assessment is a methodology that aims to collect data using
repeated measures in real time (or near real time), in people’s
natural environment [5]. When applied to the use of digital
technologies such as maobile phones, this methodology can be
used to create digital phenotypes defined asthe set of observable
behaviors resulting from the interaction between human disease
and people’s use of digital technologies[6].

Because recurring mood episodes are a defining characteristic
of bipolar disorder, we posited that it is an ideal illness for a
pilot study investigating the rel ationship between mobile phone
keyboard activity and the correlates of these episodes, such as
changes in cognitive function, psychomotor activity, social
behavior, and diurnal activity patterns. We elected to focus on
keystroke dynamics because features using text input (eg, texting
and Web browsing) are among the most commonly used features
in mobile phones and because we hypothesized that keystroke
dynamics provide a sufficiently dense space from which to
extract relevant features that could be used to predict the severity
of depression and mania.

Methods

Participants

Study subjectswere membersof the Prechter Longitudinal Study
of Bipolar Disorder, a naturalistic, longitudina study based in
the University of Michigan [7]. This cohort includes subjects
with bipolar disorder, other psychiatric illnesses, and healthy
controls; however, only those with bipolar disorder were
recruited into this study. Subjects were recruited into this study
by email or phone invitation. The inclusion criteria included
being a current Android mobile phone user, asserting familiarity
with the Android operating system, having no grossimpairments
in fine motor abilities, sufficient vision to use a mobile phone
keyboard, and self-reporting of frequent mood fluctuations or
having longitudinal datafrom thelongitudinal study suggesting
that they experience frequent mood symptoms (ie, endorsed
frequent mood symptoms on bimonthly self-report measures of
mood or categorized as rapid cycling).

http://www.jmir.org/2018/7/e241/
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We initially included 19 subjects with a bipolar spectrum
disorder as per the Diagnostic and Statistical Manual of Mental
Disorders-Fourth Edition (Text Revision) criteria [8] (11 with
bipolar I, 7 with bipolar Il, and 1 with bipolar not otherwise
specified); of these subjects, 1 never activated the app and 2
deleted the app early in the study. Of the remaining 16 subjects,
participation varied in terms of the number of weeks that had
any keyboard activity, with an average of 4.69 (3.05) weeks.
Because of concerns about adherence, data analysis was
restricted to subjects who provided data for at least 4 weeks.
This resulted in 9 subjects: 5 with bipolar | and 4 with bipolar
I1. Of these, 8 subjects met the criteria for rapid cycling (ie, 4
or more mood episodes per year), and all subjects with bipolar
Il had recurrent depressive episodes. Of these 9 subjects, 7
showed keyboard activity for at least 6 weeks. The total usable
data from these subjects included 626,641 keystrokes and
6,660,890 accelerometer readings.

Mobile Keyboard

A custom keyboard called “BiAffect” was developed for the
Android operating system that replaced the default keyboard
and collected metadata consisting of keystroke entry date and
time and accelerometer displacement. It uploaded these data
using secure encrypted protocols to the study server hosted at
the University of lllinois at Chicago. Accelerometer data
collection was initiated by keystroke entry and continued for 5
seconds afterward. Individual character data outside of the
backspace key and space bar were not collected, anonymizing
the entry. The keyboard was designed to appear similar to the
standard Android keyboard (Figure 1).

Data Collection

For 8 weeks, subjects were provided a Samsung Galaxy Note
4 smartphone that they were instructed to use as their primary
phone during the study period. Subjectswere encouraged to use
their current phone number and subscriber identification module
card; with the exception of 1 subject, all subjectsdid so. During
the study period, trained staff at the University of Michigan
administered the Structure Interview Guide for the Hamilton
Depression Rating Scale (HDRS) [9] and Young Mania Rating
Scale (YMRS) [10] once aweek via phone interviews.

Statistical Analyses

Subject demographics are described in Table 1. The YMRS
results showed a right-tailed skew (y;=1.14) [11], so a log
transformation was performed on the Y MRS scores by taking
the natural log of the sum of the Y MRS scoresand 1 (y;=-0.44).

In order to identify the possible relationships between subject
demographics and phone usage, Spearman correlations were
calculated between subjects’ total key counts and their age and
education.

Mixed-effects linear models were created correlating keyboard
metadata collected from the week prior to the administration of
the HDRS (17-item) and Y MRS mood rating scores. Missing
data were handled with pairwise deletion. Features extracted
from the metadata were model ed as fixed effects. Observations
were grouped by subject, with each subject having his or her
own random intercept for his or her mood ratings.
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Figure 1. Screenshot of the BiAffect keyboard (keyboard design derived from AnySoftKeyboard by Menny Evan-Danan and licensed under Apache
License 2.0.).
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Table 1. Subject characteristics.

Characteristics Value
Ageinyears, mean (SD) 48.67 (9.63)
Female gender, n (%) 8(89)
Years of education, mean (SD) 14.00 (2.12)
Diagnosis, n (%)

Bipolar | 1(11)

Bipolar | with rapid cycling 4 (44)

Bipolar 11, recurrent depressive episodes, with rapid cycling 4 (44)
Number of keystrokes, mean (SD) 69,627 (57,477)
Number of accelerometer readings, mean (SD) 740,099 (47,165)
Weeks of activity, mean (SD) 7.70 (0.70)
Initial HDRS2-17 item, mean (SD) 11.90 (6.17)
Final HDRS-17 item, mean (SD) 11.11 (5.49)
Initial YMRS?, mean (SD) 7.56 (5.00)
Fina YMRS, mean (SD) 6.67 (4.03)

8HDRS: Hamilton Depression Rating Scale.
byMRS: Young Mania Rating Scale.

http://www.jmir.org/2018/7/e241/

JMed Internet Res 2018 | vol. 20 | iss. 7 [e241 | p.126
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Predictor variable definitions.
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Predictor variable Definition

Average interkey delay
Backspace ratio
Autocorrect rate

Circadian baseline similarity
for the study period

Average accelerometer displacement

The average time between keystrokes measured in seconds
Number of backspace keypresses divided by total keypresses
Number of autocorrect events divided by total keypresses

The cosine-based similarity between the hourly distribution of keypresses/week and the hourly distribution

Square root of sum of squares of accelerometer displacement along each coordinate (X, y, z) averaged

over the week (average of vVx2+y2+z°)

Average session length

Session count

Length of sessions in seconds averaged over the week

Number of sessions: A session begins when akeypressisinitiated and =5 s has elapsed since the last

key was pressed. A session ends when =5 s has elapsed since the last key was pressed.

Overall significance was assessed by using likelihood ratio tests
comparing the null model sthat consisted of just the subject-level
effect with full models consisting of the subject-level effect and
metadata features. Because the mixed-effects model for the
Y MRS scores showed that the random effect was accounting
for none of the variance of the YMRS scores, a fixed-effects
ordinary least squares model was created instead (mixed-effects
model log likelihood -64.621, Akaike Information Criterion
149.24, Bayesian Information Criterion 170.83; fixed-effects
ordinary least squares model: log likelihood —64.621, Akaike
Information Criterion 147.24, Bayesian Information Criterion

166.67). For the HDRS model, conditional and marginal R?
valueswere cal culated using the method specified by Nakagawa
and Schielzeth [12], as implemented in the R package

piecewiseSEM [13]. Using this method, the conditional R? is
equal to the proportion of variance explained by both the fixed

and random effects, and the margind R? is equal to the
proportion of the variance explained by the fixed effects alone.
The P values of the model coefficients were calculated using
Wald chi-squaretests, asimplemented in the R package car [ 14]
for the HDRS model. For the Y MRS model, overall significance
wastested using an F-test and individual coefficient significance
was determined with t-tests.

The fixed-effect variables included the average interkey typing
delay, the average accelerometer displacement, the backspace
and autocorrect rates (ie, the total number of each divided by
the total number of keystrokes), the average length of each
typing session in seconds, the total number of typing sessions,
and the cosine similarity between each week’skeypressactivity
and the total keypress activity of the study period (described
further below). All aggregate variables were calculated for the
week preceding each mood assessment. A session was defined
as beginning with akeypressthat occurs after 5 or more seconds
have elapsed since thelast keypress and ending when 5 or more
seconds have el apsed between keypresses.

Models were created using the software package Ime4 [15] for
the R software environment version 3.3.3 [16].

Predictor Variables

The predictor variables were chosen based on the hypothesis
that they map to key cognitive and behavioral domains affected
by mania and depression. Table 2 provides definitions of each
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variable, and each domain and their corresponding variables
are discussed in turn below.

Psychomotor Activity

As per the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), changes in psychomotor
functioning are criteria for both major depressive and manic
episodes [2]. Psychomotor activity is also a component of the
clinician’sratings within HDRS and Y MRS. We hypothesized
that psychomotor activity (agitation and retardation) manifests
in the accelerometer displacement and the average interkey
delay. We predicted that increasing levels of psychomotor
agitation lead to subjects holding their phones less stably, thus
resulting in higher accelerometer displacement values. In the
case of average interkey delay, it can be argued that increased
levels of psychomotor agitation could lead to either alower or
higher delay. Inthe case of theformer, higher levels of agitation
would lead to a general speeding up of behaviors, including
typing; however, it is also possible that while more agitation
may lead to an increase in the amount of activity, the ability to
effectively type will be impaired, leading to a higher interkey
delay and possibly more use of backspace and autocorrect. In
contrast, psychomotor retardation was hypothesized to manifest
as ahigher average delay.

Social Activity

The BiAffect app did not capture the context of keyboard
activity; however, we hypothesized that increases in keyboard
activity are likely associated with increased socia activity
consisting of both texting and social media usage and that more
activity would be associated with higher YMRS scores and
lower HDRS scores. There are mixed data on the role of social
media use and depression, with some studies showing decreases
[17] and othersreporting increasesin social mediausagein both
high school [18] and college [19] students.

Cognition

Impairments in attention and concentration are seen in both
depressive and manic episodes, as described in the DSM-5 and
previous studies[2]. Impulsivity and deficitsin error correction
have also been identified as features seen in manic episodes
[20]. Variables that characterize concentration and cognition
were hypothesized to include the average interkey delay, the
backspace rate, and the autocorrect rate. It was hypothesized
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that increased backspace rates indicated increased error
correction and increased autocorrect rates indicated decreased
error detection. Impaired concentration was hypothesized to
manifest as increased interkey delay.

Diurnal Activity Patterns

Changes in sleep patterns are characteristic of both depressive
and manic episodes. In the case of depression, this may take
the form of insomnia or hypersomnia, whereas in the case of
mania, there is typically a decreased need for deep [2]. We
expected that such changesin sleeping patterns would manifest
as changes in phone typing activity. To characterize such
changes, we created acosine-based similarity feature of keypress
activity. Cosine-based similarity is afrequently used technique
in the field of machine learning and predictive algorithms to
characterize the similarity between entities [21,22]. In our
implementation, the distribution of keypressactivity for agiven
week was defined as vector of 24 dimensions, with each
dimension corresponding to an hour of the day. The value of
the vector in each dimension was set equa to the number of
keypresses in that hour. We then calculated the cosine of the
angle between each week’s vector and the vector representing
activity for the entire study period. In this way, the more
dissimilar a given week’s pattern of activity was compared to
the total activity, the lower the value of the cosine would be. It
was hypothesized that more dissimilar weekswould correspond
to higher HDRS and Y MRS scores.

Table 3. Variable summary statistics.

Zuluetaet al

Results

Predictor Variable Summary Statistics

Summary statistics for each predictor variable are presented in
Table 3.

Total Key Press Activity and Subject Demographics

No statistically significant correlations were found between
total key counts and subjects age (S=139.16, P=.68) and
education levels (S=144.41, P=.60).

Prediction of Depression Symptoms
Likelihood ratio testing comparing the null model that consisted

of just the subject-level random effect to the full model showed
that the full model had superior fit (x 2,=17.6, P=.01; see Tables

4 and 5). The marginal R? (ie, the proportion of the variance
explained by the metadata features) was 0.41, and the
conditional R? (ie, the proportion of the variance explained by
both the subject-level effect and the metadata features) was .63.
Accelerometer displacement (P=.002), average interkey delay
(P=.02), session count (P=.003), and the autocorrect rate
(P=.004) werefound to be positively correlated with the HDRS
SCOores.

Prediction of Hypomania or Mania Symptoms

A multiple linear regression model was created that accounted
for 34% of thevariance of the natural logarithm of Y MRS scores
(multiple RP=.34, F,5,=4.08, root mean square error=.66,
P=.001; Table 5). Accelerometer displacement (P=.003) was

found to be positively correlated with YMRS scores, and the
backspace rate (P=.01) was found to be negatively correlated.

Statistics Mean (SD) Min Max Average number of observations per
subject per week

Average accelerometer displacement (m/sz) 9.56 (0.22) 9.07 9.99 104,076

Average interkey delay (s) 0.69 (0.36) 0.30 1.95 9780

Backspace rate 0.093 (0.050) 0.0070 0.27 9822

Autocorrect rate 0.10(0.033) 0.011 0.14 10212

Average session length (s) 19.63 (6.12) 6.90 3151 —

Session count 241.13(159.33) 9 804 —

Circadian baseline similarity 0.77 (0.17) 0.14 0.96 —

HDRS? 17-item 11.83 (6.29) 0 25 —

YMRS® 5.64 (4.87) 0 20 —

Natural log of YMRS 1.60 (0.82) 0 3.045 —

8Average number of backspace or autocorrect events.
PHDRS: Hamilton Depression Rating Scale.
®YMRS: Young Mania Rating Scale.
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Table 4. Fixed effects estimates of regression models.

Zuluetaet al

Scaled predictors

17-item Hamilton Depression Rating Scale
Linear mixed-effects (95% Cl) P value

Natural log of Young Mania Rating Scale
Ordinary least squares (95% Cl) P value

Average accelerometer displacement
Average interkey delay
Backspaceratio

Autocorrect rate

Average session length

Session count

Circadian baseline similarity
Constant

3.20(1.20t05.21) 0017
2.88 (0.42t0 5.35) 022
-0.01 (-1.53t0 1.52) 99
2.67 (0.87 t0 4.47) .0036
~1.16 (-2.71 0 0.39) 14
2.18 (0.77 to 3.56) 0025
0.34 (-1.07 to 1.75) 64
11.77 (9.80 to 13.74) <.001

0.39 (0.15t0 0.64) .003
0.13 (-0.19 t0 0.44) 44
~-0.30 (-0.53 to -0.070) 014
0.06 (~0.17 t0 0.29) 63
~0.04 (-0.24 10 0.16) 68
~0.04 (-0.28 10 0.19) 73
0.03 (-0.22t0 0.27) 83
1.60 (14310 1.78) <.001

Table5. Summary of regression results.

Scaled predictors

17-item Hamilton Depression Rating Scale
Linear mixed-effects

Natural log of Young Mania Rating Scale
Ordinary least squares

Observations 64 64
Multiple R? — 34
Adjusted R? — 26
Conditional R? .63 —
Marginal R? 41 —
Log likelihood -179.65 —
Residual standard error — 712
Chi-square statistic or F statistic 17.6° 4.1°

4df=56

By2,, P=.014.

°F7 56, P=.0011.

Discussion

Principal Findings

Using only passively collected metadata, keystroke activity
predicted both depressive and manic symptoms. The model to
predict depression scores demonstrated greater explanatory
capacity as shown by thelarger proportion of variance explained
by the model and the larger number of significant predictors.

Psychomotor Activity

Increased accelerometer activity was found to be positively
correlated with both depression and maniascores. One possible
explanation for the positive correlation with both scoresis that
the subjects in our study had more mildly agitated or irritable
forms of depression or depression with mixed features rather
than forms exhibiting psychomotor retardation.

Social Activity

In contrast to our hypothesis that decreased sessions would be
predictive of higher depression, the overall number of sessions
was actually positively correlated with depression. This may
be a reflection of the dynamic between loneliness and

http://www.jmir.org/2018/7/e241/

withdrawal. Sessions from a phone can be seen as lower risk
and can also include passive use of social media, such as
viewing but not posting, enabling a feeling of connection and
withdrawal. At least one study has demonstrated an association
between increased usage of the internet more generally and
depressive symptoms[23]. It isalso worth noting that while the
session count was positively correlated, the average session
length was negatively correlated (although this predictor did
not reach statistical significance, P=.15), suggesting that patterns
of activity may be more relevant than the overall volume of
activity.

Cognition

Impairments in executive function have been demonstrated
more in individual s with bipolar disorder in depressed, manic,
and euthymic states than in healthy controls [20], although it
has aso been shown that executive functioning may be
especially impacted during manic states [24,25]. Interestingly,
our depression and mania symptom models diverge in their
relationships with respect to what we theorized would be the
key features related to cognition: backspace and autocorrect
rates. Theincreasein autocorrect rate with depression symptoms
seemsrelatively straightforward. Here, the ability to concentrate
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becomes impaired in more depressed states, and therefore, the
rate of typing errors increases. What is less clear is why the
backspace rate would be negatively correlated with mania
symptoms without a concomitant positive correlation with the
autocorrect rate. One possibility is that the lower backspace
usage seen with higher mania scores reflects a phenomenon of
less self-monitoring or impaired response inhibition with errors.
Those with elevated mania do not trigger the autocorrect
mechanism because their inputs are generally correctly spelled
but often grammatically or semantically inappropriate words,
fitting the profile of someone who keeps deleting what they
type because it was impulsively entered.

Diurnal Activity Patterns

Because deep disturbance is such a prominent aspect of mood
disturbance, we were surprised that measurements that aimed
to reflect diurnal variations in activity were not predictive of
depressive or mania symptoms. With the assumption that the
distribution for the entire observation period woul d approximate
the subject’s baseline, we expected that lower values of
similarity would be correlated with higher depression and mania
scores. The cosine similarity values did not reach statistical
significance in both models. One possible explanation for this
isthat the period of observation was not long enough to establish
actual baselines in the sense of encompassing activity through
a variety of mood states, including euthymia, and that the
distribution for the entire observation period for many subjects
corresponded to a single mood state. Another important
consideration is that while diurnal patterns of phone activity
may be related to sleep, they are not identical.

Limitations and Future Directions

The limitations of this study includeits sample size (relative to
themodel’s complexity), sample characteristicsthat are probably
not representative of a general population (ie, mostly women
who have a high frequency of episodes), and the constraint of
having subjects using study-issued phones. A larger study in
which participants use their own phones is warranted in order
to determine the generalizability of these findings. More data
may al so enable the creation of more sophisticated modelswith
higher rates of prediction accuracy and reliability.

Unfortunately, there were fewer predictors of maniascores, and
overal, this prediction was less accurate. Prediction of acute
changesin maniamay have stronger clinical implications, given
the reduced tendency to seek treatment in mania generally. We
suspect that primary reasons for the decreased prediction of
maniaarethat our sample contained generally |ow maniascores
and that both mania and hypomania elevations are often short
and sporadically observed relative to longer and more stable
episodes of depression. Rather than demonstrating correlates
of maniaper se, themaniamodel presented here might represent
correlates of mixed or agitated depression.

Comparison with Prior Work

Prior studies have investigated the potential utility of various
aspects of mobile phone activity as a means to diagnose mood
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states. Early studies focused on demonstrating the practicality
of collecting self-reports of mood using maobile phones from
patients [26,27]. While this approach may increase the facility
with which such dataare collected, it isstill subject to the biases
associ ated with self-reported data, potentially leading to spurious
results[28]. More recent studies have focused on the validation
of passive data collection methods and yielded encouraging
results. Passive data features that have been demonstrated to
correlate with mood ratingsinclude physical movement [29,30],
amount of phone usage [30], and frequency of calls and text
messages with personal contacts[31].

Theuse of keystroke dynamics asameansto detect the emotion
or mood of users is an active area of research in the field of
affective computing, with most studiesto date investigating the
use of desktop keyboards [32]; however, there have been at
least two studies that have examined the use of mobile phone
keyboard dynamics as means to recognize user emotion. The
first study was a 2-week pilot study based on the activity of a
single user on Twitter, wherein the user was instructed to write
a Tweet whenever he or she experienced certain emotions and
to record the emotion from a preset selection of options. Using
a Bayesian Network classifier, the investigators were able to
achieve an overall classification accuracy of 67.52%, with the
most important feature being typing speed [33]. The second
study consisted of a larger sample of 22 subjects and was
conducted over 3 weeks. It also presented users with a preset
selection of options for emotions; although, in contrast to the
first study, keyboard activity was recorded over all applications
and the users were prompted to input their emotional state on
aregular basis. Using arandom forest model, the investigators
were ableto achieve an average classification accuracy of 84%,
with the most important typing dynamic feature being typing
speed [34].

Although the af orementioned studies measuring mobile phone
keystroke dynamics sought to predict emotion rather than mood,
wefind the relative importance of typing speed as an important
feature across their studies aswell as our own to be of note. To
the best of our knowledge, our study is the first effort to use
passively collected mobile phone keyboard metadata features
to predict mood disturbancesin aclinical sampleusing clinically
relevant measures.

Conclusions

Passively collected mobile phone keystroke dynamics may be
a useful and important method to identify incipient mood
processes in persons with bipolar disorder. The facility with
which such data may be used to infer the presence and severity
of mood disturbances may enable clinical providersto intervene
earlier in their patients' mood episodes, as well asincrease the
number of patients a single provider can effectively manage.
Models such as those presented here may also lead to a deeper
understanding of these disorders by revealing novel behavioral
traits associated with them.
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Abstract

Background: Timely understanding of public perceptions allows public health agencies to provide up-to-date responses to
health crises such as infectious diseases outbreaks. Social media such as Twitter provide an unprecedented way for the prompt
assessment of the large-scale public response.

Objective: Theaimsof thisstudy wereto devel op aschemefor acomprehensive public perception analysis of ameasles outbreak
based on Twitter data and demonstrate the superiority of the convolutional neural network (CNN) models (compared with
conventiona machinelearning methods) on measles outbreak-rel ated tweets classification taskswith arelatively small and highly
unbalanced gold standard training set.

Methods: Wefirst designed acomprehensive schemefor the analysis of public perception of measles based on tweets, including
3 dimensions: discussion themes, emotions expressed, and attitude toward vaccination. All 1,154,156 tweets containing the word
“measles’ posted between December 1, 2014, and April 30, 2015, were purchased and downl oaded from DiscoverText.com. Two
expert annotators curated a gold standard of 1151 tweets (approximately 0.1% of all tweets) based on the 3-dimensional scheme.
Next, a tweet classification system based on the CNN framework was developed. We compared the performance of the CNN
models to those of 4 conventional machine learning models and another neural network model. We also compared the impact of
different word embeddings configurations for the CNN models: (1) Stanford GloVe embedding trained on billions of tweetsin
the general domain, (2) measles-specific embedding trained on our 1 million measles related tweets, and (3) a combination of
the 2 embeddings.

Results: Cohen kappaintercoder reliability valuesfor the annotation were: 0.78, 0.72, and 0.80 on the 3 dimensions, respectively.
Class distributions within the gold standard were highly unbalanced for all dimensions. The CNN models performed better on
all classification tasks than k-nearest neighbors, naive Bayes, support vector machines, or random forest. Detailed comparison
between support vector machines and the CNN models showed that the major contributor to the overall superiority of the CNN
modelsistheimprovement on recall, especially for classeswith low occurrence. The CNN model with the 2 embedding combination
led to better performance on discussion themes and emotions expressed (microaveraging F1 scores of 0.7811 and 0.8592,
respectively), while the CNN model with Stanford embedding achieved best performance on attitude toward vaccination
(microaveraging F1 score of 0.8642).

Conclusions: The proposed scheme can successfully classify the public’s opinions and emotions in multiple dimensions, which
would facilitate the timely understanding of public perceptions during the outbreak of an infectious disease. Compared with
conventional machine learning methods, our CNN models showed superiority on measles-related tweet classification tasks with
arelatively small and highly unbalanced gold standard. With the success of these tasks, our proposed scheme and CNN-based
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tweets classification system is expected to be useful for the analysis of tweets about other infectious diseases such as influenza

and Ebola

(J Med Internet Res 2018;20(7):€236) doi:10.2196/jmir.9413
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convolutional neural networks; social media; measles; public perception

Introduction

Nearly 40 million cases of measles, caused by a highly
contagious virus, lead to over 300,000 deaths worldwide every
year [1]. In the United States, measles was officially declared
to be eliminated in 2000 thanks to the successful nationwide
administration of a 2-dose vaccination program [2]. However,
recent years have seen the reemergence of measles outbreaks
in the United States. The most recent large-scale measles
outbreak occurred in early 2015 with a high concentration of
casesin California[3]. Researchers believethat increasing rates
of vaccination refusal and undervaccination have made the
public more vulnerable to this potentially deadly disease [4].

During an outbreak of an infectious disease such as measles,
responsible public health agencies need to send out timely
messages to the public during different stages of the crisis [5].
For instance, the Centers for Disease Control and Prevention
(CDC) has adopted a 5-stage model of crisis and emergency
risk communication, including precrisis, initia event,
maintenance, resolution, and evaluation [5]. Prompt
understanding of the public’s perceptions will allow public
health agenciesto respond to peopl€'s attitudes, emotions, and
needsinreal timeinstead of relying on apredetermined timeline
based on stages. Using traditional methods such as surveys to
study public perceptions during an infectious disease outbreak
is both costly and time-consuming [4,6].

Social mediahave beenincreasingly used by the general public,
patients, and health professionals to communicate about
health-related issues[7]. Researchers have studied social media
content for drug adverse events detection [8,9], assessment of
public opinion about health-related issues such as vaccination
[10-13], and infectious disease outbreak surveillance[6,14,15].
Twitter, one of the largest public socia media in the world,
provides unique insights into how the public responds to an
infectious disease outbreak as users, in rea time, share
information about the outbreak, talk about their personal
experiences, argue over the necessity and safety of vaccination,
and express a wide range of emotions. Examining Twitter
content can provide an immediate assessment of the public’'s
response and will allow public health professionals to adapt
their messages to communicate with the public more effectively.

Many studies have used Twitter to assess various public health
topics. However, most of the studies thus far have focused on
analyzing thefrequency of postingsrather than on understanding
post contents [16]. There is an increasing need to develop
automatic and scalable approaches for the accurate

http://www.jmir.org/2018/7/e236/

understanding of the high volume of Twitter posts. Recent
advances in machine learning and natural language processing
(NLP) technologies alow for the stringent analysis of large
amounts of Twitter posts. However, compared to texts in other
domains, Twitter text has very distinctive characteristics such
as very short text, unique Twitter language and structures, etc.
For some health-related topics, there al so exists the unbalanced
class distribution issue (certain classes are much more frequent
than other classes), which can further erode the performance of
NLP models[10,13]. To improve performance on health-related
Twitter datasets, substantial time and effort on feature
engineering [10,17,18] is needed for conventiona
machine-learning algorithms, including support vector machines
(SVMs), k-nearest neighbors (KNNs), etc.

Compared to conventional machinelearning algorithms, neural
network models are advantageous because they have saved
significant time on task-specific features engineering, achieved
higher performance, and are scalableto large applications[19].
Some recent works applied neural network models to social
media to understand public perceptions and behaviors. For
instance, Lima et a [20] investigated the use of a multilayer
perceptron neural network to classify personality from Twitter.
Huynh et a [21] and Coco et a [22] proposed a deep neural
network model to identify adverse drug reactions from Twitter
data. Kendra[23] used a 5-layer neural network to characterize
the discussion about antibiotics on Twitter. Bian et al [24]
applied a convolutional neural network model to perform
sentiment analysis on layperson’s tweets. Zhao et a [25]
proposed a semisupervised deep learning for influenza epidemic
simulation. However, to our best knowledge, little work has
been done to study public perceptions of infectious diseases
and vaccinations on Twitter using neural network models.

Methods

Data Collection

All tweets including the word “measles’ posted between
December 1, 2014, and April 30, 2015, were purchased and
downloaded from DiscoverText.com. This time frame was
chosen because the unidentified Patient Zero of this outbreak
visited the Disneyland theme park in California in December
2014. The first few suspected cases of measles were reported
on January 5, 2015, and the last case was reported on March 2,
2015. CDC officialy declared the outbreak to be over on April
17, 2015 [26]. A total of 1,154,156 tweets were collected. The
number of tweets collected during the time frame can be seen
in Figure 1.
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Figure 1. Frequency of measles-related tweets by date and type.
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Gold Standard Annotation

In order to understand measles-related contents on Twitter
comprehensively, we created an annotation scheme containing
3 dimensions. discussion themes, emotions expressed, and
attitude toward vaccination. The coding schemes discussion
themes and emotions expressed were adapted based on Chew
and Eysenbach [6], while the coding scheme attitude toward
vaccination was created by the authors inductively. For
discussion themes, 5 themes were identified: resources (news
update about the outbreak, medical information about
prevention, treatment, symptoms of measles), personal
experience (direct or indirect experiences about measles),
personal opinions and interests, questions, and other (unrelated
to measles). Emotions expressed was categorized into 5 types:
humor or sarcasm, positive emotion (relief and downplayed
risk), anger, concern, and not applicable. The data collection
was based on the keyword measles;, however, debate about
vaccines emerged in a large percentage of tweets collected.
Hence, wetook thisopportunity to measure how public opinion
changed over time during a measles outbreak. Attitude toward
vaccination was categorized into 3 groups: pro (provaccination),
against (antivaccination), and not applicable (no attitude). See
Figure 2 for a visual representation of the 3 dimensions and
categories within each dimension.

Two coders manually coded 0.1% of all tweets selected through
systematic sampling. The first tweet was identified using a
random number generator. After this, every 1000th tweet was
selected in the sample. The Cohen kappa intercoder reliability
valuesfor the 3 dimensionswere 0.78, 0.72, 0.80, respectively.
Afterward, the 2 coders discussed their results to resolve
discrepancies.

Neural Network Classification System

Data Cleaning

The vocabulary used on Twitter is very different from the
general English vocabulary. User names, URLSs, and hashtags

http://www.jmir.org/2018/7/e236/
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need to be normalized. We first replaced tokens containing all
capital letters with the lowercase of the token with string
“<ALLCAPS>". Then dl URLs were replaced with string
“<URL>". Twitter user names (eg, @twitter) were then replaced
with string “<USER>". All numbers were replaced with string
“<NUMBER>". All hashtags were separated into tokens by
uppercase letters (eg, we replace “#VaccineWork” with
“<HASHTAG> Vaccine Work™). Afterwards, all tweets were
converted to lowercase. Our tweets preprocessing process was
based on the Stanford GloVe tweets preprocessing script [27].
An example illustrating the tweet preprocessing step is shown
below:

Raw tweet text: “RT @KTLA: #BREAKING: At least 9 meades
cases linked to visits to @Disneyland from Dec. 15-20
http://t.co/LIGRIwFhPgv http://t.co/3NI15mgAE”

Cleaned tweet text: “rt <allcaps> <user>: breaking: at least
<number> measles cases linked to visits to <user> from dec.
<number> <number> <url> <url>"

Convolutional Neural Networks

Commonly used in various computer vision tasks [28],
convolutional neural networks (CNNs) have demonstrated
excellent performancein the NLPfield, including different text
classification tasks [29-32]. We extended the classic CNN
framework for sentence classification proposed by Kim [29] by
using combination generic Twitter embedding and target domain
Twitter embedding [33]. Detailsof our CNN system architecture
can be seen in Figure 3. We cleaned the tweets following the
data cleaning step. Then each token of the tweets was mapped
to 2 high-dimension representations through 2 word embeddings:
generic tweets embedding and target domain tweets embedding.
Both embeddings were fine-tuned during the training process.
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Figure 2. Measles tweets annotation scheme for different dimensions.
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Figure 3. System architecture for measles-related tweets classification using convolutional neural networks.
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We used 3filtersof size 3, 4, and 5 to generate the convol utional
layer on each embedding. The feature maps generated by filters
from each embedding were concatenated and fed to the pooling
layer. We adopted max-pooling strategy with a dropout rate at
0.5 on the pooling layer. The output layer consisted of different
classes for each dimension. This CNN system was built based
on the Python and Tensorflow libraries [34].

Tweets Word Vector Embedding

For generic tweets embedding, we used pretrained GloVe tweets
embedding from Stanford. GloVe is an unsupervised learning
algorithm developed by Pennington et al [35] to obtain vector
representations for words. GloVe tweets word vectors were
trained on 2 billion tweets and 27 billion tokens [35] and have
been widely used in different Twitter-related NLP tasks
[31,36,37]. For target domain embedding, we trained a tweets
embedding from our own measles-related tweets corpus
(1,154,156 tweets) using the same GloVe algorithm. We tested
different numbers of embedding dimensions in our

http://www.jmir.org/2018/7/e236/
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preexperiments. The tweetsword embedding in dimension 200
achieved the best performance for our tasks.

Experiments

For the CNN-based framework, we performed the following
experiments: (1) use of pretrained GloVe tweets embedding
only, (2) use of tweets measles embedding only, and (3) use of
a combination of the pretrained GloVe tweets embedding and
measles tweets embedding. For the use of 1 embedding only,
we just used 1 channel of the proposed framework. We chose
4 popular machine learning models for comparison as our
baselines: KNN [38], naive Bayes[39], SVM [40], and random
forest [41]. For SVM, aradia basis function kernel was used.
We followed the same tweet cleaning steps and extracted
n-grams as the feature for these traditional machine learning
models. The Waikato Environment for Knowledge Analysis
library was used to train and test these models [42]. We aso
evaluated the bidirectional 1ong short-term memory (Bi-LSTM),
which has achieved state-of-the-art performance in many
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classification and sequence labeling tasks [43,44], for tweets
classifications. The input of the Bi-LSTM is the pretrained
GloVetweets embedding (dimension: 200). We conducted these
experiments on all 3 dimensions for public perceptions on
measles.

System Evaluation

We leveraged a 10-fold cross-validation to evaluate the
performances of these models for each classification task.
Standard metricsincluding precision, recall, and F1 score were
calculated for each class. We a so cal culated the microaveraging
F score and macroaveraging F score to evaluate their
performance on each classification task. For microaveraged
score, we summed up all the individua true positives, false
positives, and false negatives. For macroaveraged score, we
took the average of the F1 score of different categories.

Ethical Approval

This study received ingtitutional review board approval from
the Committee for the Protection of Human Subjects at the
University of Texas Health Science Center at Houston. The
reference number is HSC-SBMI-16-0291.

Results

Gold Standard Description

In total, 1151 tweets were annotated. Class distributions were
highly unbalanced for al 3 tasks (Table 1). In terms of
discussion themes, nearly two-thirds (718/1151, 62.38%) of
tweets were categorized as resources (ie, outbreak update or
medical information about measles). Less than one-third

Table 1. Classdistribution in the gold standard for 3 dimensions.

Duetd

(344/1151, 29.89%) of the tweets were about users’ personal
opinions and interests. Only 1.82% (21/1151) of the tweets
discussed personal experience with measles, and 1.73%
(20/1151) asked questions. For emotions expressed, 79.84%
(919/1151) of tweets were categorized as expressing concern.
Humor or sarcasm wasfoundin 9.47% (109/1151) of the tweets.
Positive emotion and anger werefound in 3.38% (39/1151) and
3.04% (35/1151) of the tweets, respectively. Finaly, in terms
of attitude toward vaccination, the majority of the tweets
(913/1151, 79.32%) did not express any opinion about
vaccination, 17.55% (202/1151) of tweets were provaccination
and 3.13% (36/1151) were antivaccination.

Overall Comparison of Convolutional Neural Network
M odels With Conventional M odels

Comparison of the performances of CNN modelsand 4 machine
learning models on the 3 dimensions can be seen in Table 2.
As shown, CNN-based models have better performance than
other conventional machine learning models or the Bi-LSTM
model. The CNN model with the combination of 2 embeddings
achieved the best performance on emotions expressed and the
highest macroaveraging F score on discussion themes. The CNN
model with Stanford embedding had the highest microaveraging
F score on discussion themes and achieved the best performance
on attitude toward vaccination. The CNN with meases
embedding achieved relatively high microaveraging F score on
emotions expressed and attitude toward vaccination. The
Bi-LSTM model had the worst performance among neural
network models, probably due to the limited size of training
data

Dimension and class

Tweets, n (%)

Discussion themes
Resource
Personal experience
Personal opinions and interest
Question
Other

Emotions expressed
Humor or sarcasm
Positive emotion
Anger
Concern
Not applicable

Attitude toward vaccination
Pro
Against
Not applicable

718 (62.4)
21(1.8)
344.(29.9)
20(1.7)
48 (4.2)

109 (9.5)
39 (3.4)
35(3.0)
919 (79.8)
49 (4.3)

202 (17.6)
36 (3.1)
913 (79.3)
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Table 2. Ten-fold cross-validation results of neural network models and 4 conventional machine learning models on 3 dimensions. Italics indicate best

performance in that class.

Model Microaveraging F score Macroaveraging F score
Discussionthemes ~ Emotionsexpressed  Atti t_ude_toward Discussionthemes ~ Emotionsexpressed  Atti t_ude_toward
vaccination vaccination

KNN? 0.5143 0.6977 0.8129 0.3223 0.4074 0.5114
Naive Bayes 0.6811 0.7767 0.7171 0.4101 0.4814 0.5343
Random forest 0.7350 0.8393 0.8085 0.4243 0.4393 0.5356
svmP 0.7696 0.8365 0.8211 0.3917 0.4269 0.5345
Bi-LSTM® 0.7315 0.8271 0.7958 0.2899 0.3730 0.4358
CNN_M d 0.7533 0.8480 0.8355 0.4282 0.4849 0.5871
CNN_S° 0.7897 0.8575 0.8642 0.4158 0.5419 0.6629
CNN_M +s 0.7811 0.8592 0.8254 0.4611 0.5591 0.6078

3 NN: k-nearest neighbor.
bsvM: support vector machines.
CBi-LSTM: hidirectional long short-term memory.

den N_M: convolutional neural network using the measles tweets embedding.
€CNN_S: convolutional neural network using the pretrained GloVe tweets embedding from Stanford.
fen N_M+S: convolutional neural network using the combination of pretrained GloVe tweets embedding and meas| es tweets embedding.

Asshown in Table 2, among the conventional machine learning
models, SVM generally performed the best on all 3 dimensions.
In order to further compare the performances of CNN models
on each class and try to improve the overall performance, we
then cal culated and compared the precision, recall, and F score
of SVM, the CNN model with Stanford GloVe tweets
embedding only, and the CNN model with the combination of
generic and target domain embedding.

Detailed Comparison of Convolutional Neural Network
M odels With Support Vector Machineson 3
Dimensions

Table 3 shows the comparison of SYM and CNN models on
discussion themes. For precision score, the CNN with GloVe
tweets embedding achieved better performance on classeswith
larger numbers of tweets (resources and personal opinions and
interest). The CNN with the combination of 2 embeddings
achieved better performance on classes with very limited
numbers of tweets (ie, questions). For recall score, the CNN
model with either Stanford embedding or the combination of 2
embeddings greatly improved the recall of the classes with
relatively fewer tweets such as personal opinions and interests
and questions, while SVM had dlightly better performance on
resources. Theimprovement of recall score greatly contributed
to the improvement on the F score. Unfortunately, for the class

http://www.jmir.org/2018/7/e236/

personal experience, none of the models could identify any
tweets correctly.

The comparison of SYM and the CNN models on emotions
expressed can be seen in Table 4. CNN models achieved higher
precision scores on classes with fewer cases, including anger
and not applicable, while SVM performed better on humor or
sarcasm. For recall and F1 score, CNN models with either
Stanford embedding or the combination of 2 embeddings
performed well on al classes. In general, the CNN with the
combination of 2 embeddings had better performance for more
categories than the CNN with Stanford embedding only.

For dimension 3, attitude toward vaccination, the overal
comparison between the CNN modelsand SVM can beseenin
Table 5. Both CNN models outperformed SVM in most of the
categories, and the CNN model with Stanford embedding
achieved better performance in most of the categories.
Specifically, for precision score, SVM performed better on class
pro, while the CNN models did better on class against and not
applicable. The CNN with the combination of 2 embeddings
achieved the highest precision score on against. In terms of
recall, the CNN models performed much better on the classes
with very small numbers of tweets (ie, pro and against), while
SVM did better on the class not applicable. Asfor F1 score, the
CNN with Stanford embedding performed the best, and SVM
performed the worst on all 3 classes.
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Table 3. Detailed precision, recall, and F score of each class for discussion themes. Italics indicate best performancein that class.

Class Precision Recall F1 score
SYM?2  CNN_M+s? CNN_S° SVM CNN_M+S CNN_S SVM CNN_M+S CNN_S
Resource (n=718) 0.7907 0.8119 0.8172 0.9471 0.9318 0.9401 0.8619 0.8677 0.8744
Personal experience
(n=21) 0 0 0 0 0 0 0 0 0
Personal opinionsandin-
terest (n=344) 0.7021 0.6984 0.7231 0.5773 0.6192 0.6453 0.6336 0.6564 0.6820
Question (n=20) 0 0.5 0 0 0.0500 0 0 0.0909 0
Other (n=48) 0.8750 0.8421 0.8571 0.1458 0.3333 0.2500 0.2500 0.4776 0.3871
83V M: support vector machines.
beN N_M+S: convolutional neural network using the combination of pretrained GloVe tweets embedding and measl es tweets embedding.
YCNN_S: convolutional neural network using the pretrained GloVe tweets embedding from Stanford.
Table 4. Detailed precision, recall and F scores of each class for emotions expressed. Italics indicate best performancein that class.
Class Precision Recall F1 score
SYM?2  CNN_M+s? CNN_S° SVM CNN_M+S CNN_S SVM CNN_M+S CNN_S
Humor or sarcasm
(n=109) 1 0.9388 0.8909 0.3486 0.4220 0.4495 0.5170 0.5823 0.5976
Positive emotion (n=39) 1 1 1 0.0513 0.1538 0.1282 0.0967 0.2667 0.2273
Anger (n=35) 0 1 0.6667 0 0.0286 0.0571 0 0.0556 0.1053
Concern (n=919) 0.8312 0.8538 0.8550 0.9069 0.9978 0.9946 0.9069 0.9202 0.9195
Not applicable (n=49) 0.7500 0.9048 0.8947 0.2105 0.3878 0.3469 0.2105 0.5429 0.5000

83V M: support vector machines.

beN N_M+S: convolutional neural network using the combination of pretrained GloVe tweets embedding and measl es tweets embedding.
®CNN_S: convolutional neural network using the pretrained GloVe tweets embedding from Stanford.

Table5. Detailed precision, recall, and F score of each class for attitude toward vaccination. Italicsindicate best performance in that class.

Class Precision Recall F1 score

SYM?2  CNN_M+s? CNN_S° SVM CNN_M+S CNN_S SVM CNN_M+S CNN_S
Pro (n=202) 0.7917 0.6458 0.7554 0.1919 0.3069 0.5198 0.3089 0.4161 0.6158
Against (n=36) 0.6667 1 0.8571 0.0556  0.1667 0.1667 0.1026  0.2857 0.2791
Not applicable (n=913)  0.8228 0.8408 0.8794 0.9890 0.9660 0.9682 0.8982 0.8991 0.9216

83V M: support vector machines.

ben N_M+S: convolutional neural network using the combination of pretrained GloVe tweets embedding and measles tweets embedding.
YCNN_S: convolutional neural network using the pretrained GloVe tweets embedding from Stanford.

Discussion

Principal Contributions

This study makes 2 primary contributions. First, we designed
and implemented a comprehensive scheme for the public
perception analysis of measlesrelated tweets, including
discussion themes, emotions expressed, and attitude toward
vaccination. We manually curated a gold standard set that
contains 1151 tweets annotated according the scheme. The
tweetswere sampled from all measles-related tweets during the
most recent measles outbreak in the United States in 2015.
Based on the annotation results, we believe the scheme can

http://www.jmir.org/2018/7/e236/

RenderX

successfully classify the public’s opinionsand emotions. Second,
we designed and implemented CNN modelson the classification
tasks of meadesrelated tweets and investigated their
performance compared to traditional machine learning models
through acomprehensive comparison on the small-scal e tweets
corpus with highly unbalanced class distribution.

Principal Findings

In classifying measles-related tweets in terms of discussion
themes, emotions expressed, and attitude toward vaccination,
different classifiers were better suited for different tasks.

However, the CNN models achieved better overall performance
on all 3 tasks compared to conventional machine learning
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algorithms. A detailed comparison of the CNN models and
SVM showed that the CNN models were able to improve
performance on nearly all classes for al 3 dimensions. The
major contributor to the overall performance boost is the
improvement on recall, especialy for the classes with fewer
cases than average. The CNN model with the combinations of
2 embeddings led to better performance on discussion themes
and emotions expressed, while the CNN model with Stanford
embedding achieved best performance on attitude toward
vaccination. A common obstacle of deep neural network-based
models is the need for alarge training dataset. However, for a
disease-related tweets classification task like ours, the results
show that CNN models can perform better than conventional
machine learning models even on a training dataset with only
1151 Iabeled tweets.

Limitations and Future Directions

Although the CNN models can greatly increase the performance
for most of the classes with few cases, for some minor classes
with extremely low numbers of cases such as persona
experience in discussion themes, the CNN models are just as
powerless as conventional models. Further examination of the
prediction results shows that many tweets in the minor classes
wereincorrectly classified into major classes. For example, the
tweetsin personal experience were either classified asresources
or personal opinionsand interest. For against in attitude toward
vaccination, the majority of the tweets were classified as not
applicable, which takes up to 79% of the labeled data. The
highly unbalanced class distribution is a mgjor challenge for
both conventional machine learning methods and neural network
methods. Sincethe current gold standard training set isrelatively
small, we plan to collect and annotate more related tweets
(especially the tweets belonging to smaller classes) to build a
larger labeled dataset. We believe performance could be
improved by using alarger |abeled training dataset.

Future research could take a few directions. Additional
hyperparameter tuning (ie, activation functions selection,
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pooling strategies) can also improve the performance on the
disease-rel ated tweets classification tasks. In addition, although
the Bi-LSTM model doesn’t work well on our tasks (probably
due to the limited training data size), other recurrent neural
network-based frameworks such as attentive Bi-LSTM [45]
may lead to better performance, especially as the size of the
training data increases. The improved models can be used to
automatically predict the labels of the measles tweets, which
will facilitate the analysis of large scal e public perceptions about
measlesaswell as other infectious diseases. Some unsupervised
machine learning methods can also be used to explore the major
discussion topics from the measles-rel ated tweets dataset, such
as topic modeling methods [46,47], as it can save the effort of
annotation.

Conclusion

Timely understanding of public perceptions during the outbreak
of aninfectious disease such asmeasleswill alow public health
agenciesto adapt their messagesto addressthe needs, concerns,
and emotions of the public. In order to understand the contents
of Twitter text regarding measles and vaccination, we designed
aclassification schemethat contains discussion themes, emotions
expressed, and attitude toward vaccination for measles-related
tweets. A gold standard containing 1151 tweets was collected
and manually annotated according to the classification scheme.
CNN models have been evaluated to classify tweets into
different classes for different tasks. A comparative study was
doneto evaluate the performance of CNN modelsin comparison
to 4 conventional machine learning models as well as a
Bi-LSTM model. The CNN models had improved performance
on classification of themes, emotions, and attitude from the
highly unbalanced measles-related tweets dataset. The CNN
models presented in the paper can be applied on large-scale
tweets datasets. Our proposed scheme and CNN-based tweets
classification system for the public perception analysis on
Twitter toward measl es disease can be used for other infectious
diseases such as influenza and Ebola

Thisresearch was partially supported by the National Library of Medicine of the National Institutes of Health under award number
RO1LM011829, the Nationa Institute of Allergy and Infectious Diseases of the National I nstitutes of Health under award number
RO1A1130460, and the UTHealth Innovation for Cancer Prevention Research Training Program Pre-Doctoral Fellowship (Cancer
Prevention and Research I nstitute of Texasgrant #RP160015). Thisstudy wasalso partially supported by aUniversity of Alabama

System’s Collaborative Grant.

Conflictsof I nterest
None declared.

References

1. Griffin D, Oldstone M. Meadles: History and Basic Biology. Berlin: Springer Science & Business Media; 2008.

2. Katz S, Hinman A. Summary and conclusions. measles elimination meeting, 16-17 March 2000. J Infect Dis 2004 May
01;189 Suppl 1:543-S47. [doi: 10.1086/377696] [Medline: 15106088]

3. ZipprichJ, Winter K, Hacker J, XiaD, Weatt J, Harriman K. M eadl es outbreak—California, December 2014-February 2015.
MMWR Morb Mortal Wkly Rep 2015;64(6):154 [FREE Full text]

4.  Dredze M, Broniatowski D, Smith M, Hilyard K. Understanding vaccine refusal: why we need social medianow. Am J
Prev Med 2016 Apr;50(4):550-552 [FREE Full text] [doi: 10.1016/j.amepre.2015.10.002] [Medline: 26655067]

http://www.jmir.org/2018/7/e236/

JMed Internet Res 2018 | vol. 20 | iss. 7 [e236 | p.141
(page number not for citation purposes)


http://dx.doi.org/10.1086/377696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15106088&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6406a5.htm
http://europepmc.org/abstract/MED/26655067
http://dx.doi.org/10.1016/j.amepre.2015.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26655067&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Duetd

5. Reynolds BW. Crisis and emergency risk communication as an integrative model. J Health Commun 2005;10(1):43-55.
[doi: 10.1080/10810730590904571] [Medline: 15764443]

6. Chew C, Eysenbach G. Pandemicsin the age of Twitter: content analysis of Tweets during the 2009 H1N1 outbreak. PLoS
One 2010 Nov 29;5(11):€14118 [FREE Full text] [doi: 10.1371/journal.pone.0014118] [Medline: 21124761]

7.  Moorhead SA, Hazlett DE, Harrison L, Carroll JK, Irwin A, Hoving C. A new dimension of health care: systematic review
of the uses, benefits, and limitations of social mediafor health communication. JMed Internet Res 2013;15(4):e85 [FREE
Full text] [doi: 10.2196/jmir.1933] [Medline: 23615206]

8. YatesA, Goharian N. ADRTrace: detecting expected and unexpected adverse drug reactions from user reviews on social
media sites. 2013 Presented at: Eur Conf Inf Retr; 2013; Moscow p. 816-819.

9. Freifeld CC, Brownstein JS, Menone CM, Bao W, Filice R, Kass-Hout T, et al. Digital drug safety surveillance: monitoring
pharmaceutical productsin twitter. Drug Saf 2014 May;37(5):343-350 [ FREE Full text] [doi: 10.1007/s40264-014-0155-x]
[Medline: 24777653]

10. DuJ, XuJ, Song H, Liu X, Tao C. Optimization on machine learning based approaches for sentiment analysis on HPV
vaccines related tweets. J Biomed Semantics 2017 Mar 03;8(1):9 [FREE Full text] [doi: 10.1186/s13326-017-0120-6]
[Medline: 28253919]

11. Zhou X, CoieraE, Tsafnat G, Arachi D, Ong M, Dunn AG. Using social connection information to improve opinion mining:
identifying negative sentiment about HPV vaccines on Twitter. Stud Health Technol Inform 2015;216:761-765. [Medline:
26262154]

12. Saathé M, Khandelwal S. Assessing vaccination sentiments with online social media: implications for infectious disease
dynamics and control. PLoS Comput Biol 2011 Oct;7(10):e1002199 [ FREE Full text] [doi: 10.1371/journal.pcbi.1002199]
[Medline: 22022249]

13. DuJ, XuJ, Song H, Tao C. Leveraging machine learning-based approaches to assess human papillomavirus vaccination
sentiment trends with Twitter data. BMC Med Inform Decis Mak 2017 Jul 05;17(Suppl 2):69 [FREE Full text] [doi:
10.1186/s12911-017-0469-6] [Medline: 28699569]

14. Culotta A. Towards detecting influenza epidemics by analyzing Twitter messages. 2010 Presented at: Proc First Work Soc
Media Anal; 2010; Washington p. 115-122.

15. Schmidt C. Trending now: using social mediato predict and track disease outbreaks. Environ Health Perspect 2012
Jan;120(1):A30-A33 [FREE Full text] [doi: 10.1289/ehp.120-a30] [Medline: 22214548]

16. Myneni S, Fujimoto K, Cobb N, Cohen T. Content-driven analysis of an online community for smoking cessation: integration
of qualitative techniques, automated text analysis, and affiliation networks. Am JPublic Health 2015 Jun;105(6):1206-1212.
[doi: 10.2105/AJPH.2014.302464] [Medline: 25880942]

17. Lopez M, KalitaJ. Deep learning applied to NLP. arXiv Prepr arXiv170303091 2017:1 [FREE Full text]

18. Young T, Hazarika D, Poria S, Cambria E. Recent trends in deep learning based natural language processing. arXiv Prepr
arXiv170802709 2017:1 [FREE Full text]

19. Goodfellow I, Bengio Y, Courville A. Deep Learning. Cambridge: MIT Press; 2016.

20. LimaACES, de Castro LN. A multi-label, semi-supervised classification approach applied to personality predictionin
social media. Neural Netw 2014 Oct;58:122-130. [doi: 10.1016/j.neunet.2014.05.020] [Medline: 24969690]

21. HuynhT, HeY, WillisA, Uger S. Adverse drug reaction classification with deep neural networks. Proc Coling Tech Papers
2016:877-887 [FREE Full text]

22. CocosA, Fiks AG, Masino AJ. Deep learning for pharmacovigilance: recurrent neural network architectures for labeling
adverse drug reactionsin Twitter posts. JAm Med Inform Assoc 2017 Jul 01;24(4):813-821. [doi: 10.1093/jamia/ocw180]
[Medline: 28339747]

23. KendraRL, Karki S, Eickholt JL, Gandy L. Characterizing the discussion of antibiotics in the Twittersphere: what is the
bigger picture? JMed Internet Res 2015;17(6):e€154 [FREE Full text] [doi: 10.2196/jmir.4220] [Medline: 26091775]

24. BianJ, ZhaoY, Salloum RG, Guo Y, Wang M, Prosperi M, et al. Using social media data to understand the impact of
promotional information on laypeople's discussions: a case study of Lynch syndrome. JMed Internet Res 2017 Dec
13;19(12):e414 [FREE Full text] [doi: 10.2196/jmir.9266] [Medline: 29237586]

25. Zhaol, ChenJ, Chen F, Wang W, Lu C, Tech V. SimNest: social media nested epidemic simulation via online
semi-supervised deep learning. Proc |IEEE Int Conf Data Min 2015 Nov:639-648. [doi: 10.1109/ICDM.2015.39.SimNest]

26. CadiforniaDepartment of Public Health. 2015 Apr 17. Californiamead es surveillance update URL : https.//www.cdph.ca.gov/
Programs/CI D/DCD C/CDPH%20D ocument%20L ibrary/I mmuni zation/| MM -M easl esUpdate?2015-04-17.pdf [accessed
2018-04-02] [WebCite Cache ID 6yMpyCvV (]

27. Script for preprocessing tweets. URL: https://nlp.stanford.edu/projects/glove/preprocess-twitter.rb [accessed 2018-04-02]
[WebCite Cache ID 6yMgCCzuH]

28. LeCunY, Kavukcuoglu K, Farabet C. Convolutional networks and applicationsin vision. 2010 Presented at: Circuits Syst
(ISCAS), Proc |EEE Int Symp; 2010; Paris p. 253-256.

29. KimY. Convolutional neural networks for sentence classification. arXiv Prepr arXiv14085882 2014:1 [FREE Full text]

30. DosSC, Gatti M. Deep convolutional neural networks for sentiment analysis of short texts. Proc Coling Tech Papers
2014:69-78 [FREE Full text]

http://www.jmir.org/2018/7/e236/ JMed Internet Res 2018 | vol. 20 | iss. 7 [e236 | p.142

(page number not for citation purposes)


http://dx.doi.org/10.1080/10810730590904571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15764443&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0014118
http://dx.doi.org/10.1371/journal.pone.0014118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21124761&dopt=Abstract
http://www.jmir.org/2013/4/e85/
http://www.jmir.org/2013/4/e85/
http://dx.doi.org/10.2196/jmir.1933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23615206&dopt=Abstract
http://europepmc.org/abstract/MED/24777653
http://dx.doi.org/10.1007/s40264-014-0155-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24777653&dopt=Abstract
https://jbiomedsem.biomedcentral.com/articles/10.1186/s13326-017-0120-6
http://dx.doi.org/10.1186/s13326-017-0120-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28253919&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262154&dopt=Abstract
http://dx.plos.org/10.1371/journal.pcbi.1002199
http://dx.doi.org/10.1371/journal.pcbi.1002199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22022249&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-017-0469-6
http://dx.doi.org/10.1186/s12911-017-0469-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28699569&dopt=Abstract
http://dx.doi.org/10.1289/ehp.120-a30
http://dx.doi.org/10.1289/ehp.120-a30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22214548&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2014.302464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25880942&dopt=Abstract
https://arxiv.org/abs/1703.03091
https://arxiv.org/abs/1708.02709
http://dx.doi.org/10.1016/j.neunet.2014.05.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24969690&dopt=Abstract
http://www.aclweb.org/anthology/C16-1084
http://dx.doi.org/10.1093/jamia/ocw180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28339747&dopt=Abstract
http://www.jmir.org/2015/6/e154/
http://dx.doi.org/10.2196/jmir.4220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26091775&dopt=Abstract
http://www.jmir.org/2017/12/e414/
http://dx.doi.org/10.2196/jmir.9266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29237586&dopt=Abstract
http://dx.doi.org/10.1109/ICDM.2015.39.SimNest
https://www.cdph.ca.gov/Programs/CID/DCDC/CDPH%20Document%20Library/Immunization/IMM-MeaslesUpdate2015-04-17.pdf
https://www.cdph.ca.gov/Programs/CID/DCDC/CDPH%20Document%20Library/Immunization/IMM-MeaslesUpdate2015-04-17.pdf
http://www.webcitation.org/6yMpyCvVq
https://nlp.stanford.edu/projects/glove/preprocess-twitter.rb
http://www.webcitation.org/6yMqCCzuH
https://arxiv.org/abs/1408.5882
https://www.aclweb.org/anthology/C14-1008
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Duetd

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45,

46.

47.

Nakov P, Ritter A, Rosenthal S, Sebastiani F, Stoyanov V. SemEval-2016 task 4: Sentiment analysisin Twitter. 2016
Presented at: Proc SemEval; 2016; San Diego p. 1-18.

Conneau A, Schwenk H, Le Cun'Y, Barrault L. Very deep convolutional networks for text classification. arXiv Prepr
arXiv160601781 2016:1 [FREE Full text]

Limsopatham N, Collier N. Modelling the combination of generic and target domain embeddingsin a convolutional neural
network for sentence classification. Assoc Computational Linguistics 2016:136-140. [doi: 10.17863/CAM.4667]

Abadi M, Agarwal A, Barham P, Brevdo E, Chen Z, Citro C, et al. Tensorflow: large-scale machine learning on heterogeneous
distributed systems. arXiv Prepr arXiv160304467 2016:1 [FREE Full text]

Pennington J, Socher R, Manning C. GloVe: global vectors for word representation. 2014 Presented at: Proceedings of the
conference on empirical methods in natural language processing; 2014; Doha p. 1532-1543.

Astudillo R, Amir S, Ling W, Martins B, SilvaM, Trancoso |, et a. Inesc-id: aregression model for large scale twitter
sentiment lexicon induction. 2015 Presented at: Proc 9th Int Work Semant Eval (SemEval ); 2015; Lisbon p. 613-618.
Yamadal |, Takeda H, Takefuji Y. Enhancing named entity recognition in twitter messages using entity linking. 2015
Presented at: Proceedings of the ACL 2015 Workshop on Noisy User-generated Text; 2015; Beijing p. 136-140.

Peterson L. K-nearest neighbor. Scholarpedia 2009;4(2):1883. [doi: 10.4249/scholarpedia.1883]

Murphy K. Naive Bayes Classifiers [dissertation]. Vancouver: University of British Columbia; 2006.

Hearst M, Dumais S, OsunaE, Platt J, Scholkopf B. Support vector machines. IEEE Intell Syst their Appl |EEE 1998;13(4):28.
[doi: 10.1109/5254.708428]

Liaw A, Wiener M. Classification and regression by randomForest. R News 2002;2(3):18-22 [FREE Full text]

Hall M, Frank E, Holmes G, Pfahringer B, Reutemann P, Witten |. The WEKA data mining software: an update. ACM
SIGKDD Explor Newsl 2009;11(1):10-18 [FREE Full text]

Dernoncourt F, Lee J, Uzuner O, Szolovits P. De-identification of patient notes with recurrent neural networks. JAm Med
Informatics Assoc 2016:156. [doi: 10.1093/jamia/ocw156]

Zhang S, Zheng D, Hu X, Yang M. Bidirectional long short-term memory networksfor relation classification. 2015 Presented
at: Proc 29th Pacific Asia Conf Lang Inf Comput; 2015; Shanghai p. 73-78.

Zhou P, Shi W, Tian J, Qi Z, Li B, Hao H, et al. Attention-based bidirectional long short-term memory networksfor relation
classification. 2016 Presented at: Proc 54th Annu Meet Assoc Comput Linguist (Volume 2); 2016; Berlin p. 207-212. [doi:
10.18653/v1/P16-2034]

Yu Z, Johnson TR, Kavuluru R. Phrase based topic modeling for semantic information processing in biomedicine. Proc
Int Conf Mach Learn Appl 2013 Dec:440-445 [FREE Full text] [doi: 10.1109/ICMLA.2013.89] [Medline: 28736774]
Bian J, Yoshigoe K, Hicks A, Yuan J, He Z, Xie M, et a. Mining Twitter to assess the public perception of the Internet of
Things. PLoS One 2016;11(7):e0158450 [FREE Full text] [doi: 10.1371/journal.pone.0158450] [Medline: 27391760]

Abbreviations

Bi-L STM: bidirectional long short-term memory
CNN: convolutional neural networks

KNN: k-nearest neighbors

SVM: support vector machines

CDC: Centersfor Disease Control and Prevention
NL P: natural language processing

Edited by G Eysenbach; submitted 14.11.17; peer-reviewed by Z He, J Bian, N Limsopatham; comments to author 28.12.17; revised
version received 01.04.18; accepted 10.05.18; published 09.07.18.

Please cite as:

DuJ, Tang L, Xiang Y, Zhi D, Xu J, Song HY, Tao C

Public Perception Analysis of Tweets During the 2015 Measles Outbreak: Comparative Study Using Convolutional Neural Network
Models

J Med Internet Res 2018;20(7): €236

URL: http://www.jmir.org/2018/7/e236/

doi:10.2196/jmir.9413
PMID: 29986843

©dJingcheng Du, Lu Tang, Yang Xiang, Degui Zhi, Jun Xu, Hsing-Yi Song, Cui Tao. Originaly published in the Journa of
Medical Internet Research (http://www.jmir.org), 09.07.2018. 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,

http://www.jmir.org/2018/7/e236/ JMed Internet Res 2018 | vol. 20 | iss. 7 |€236 | p.143

(page number not for citation purposes)


https://arxiv.org/abs/1606.01781
http://dx.doi.org/10.17863/CAM.4667
https://arxiv.org/abs/1603.04467
http://dx.doi.org/10.4249/scholarpedia.1883
http://dx.doi.org/10.1109/5254.708428
https://cran.r-project.org/doc/Rnews/Rnews_2002-3.pdf
http://www.kdd.org/exploration_files/p2V11n1.pdf
http://dx.doi.org/10.1093/jamia/ocw156
http://dx.doi.org/10.18653/v1/P16-2034
http://europepmc.org/abstract/MED/28736774
http://dx.doi.org/10.1109/ICMLA.2013.89
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28736774&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0158450
http://dx.doi.org/10.1371/journal.pone.0158450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27391760&dopt=Abstract
http://www.jmir.org/2018/7/e236/
http://dx.doi.org/10.2196/jmir.9413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29986843&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Duetd

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, alink to the original publication on http://www.jmir.org/, aswell asthis
copyright and license information must be included.

http://www.jmir.org/2018/7/e236/ JMed Internet Res 2018 | vol. 20 | iss. 7 [€236 | p.144

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et d

Original Paper

Rethinking the Meaning of Cloud Computing for Health Care: A
Taxonomic Perspective and Future Research Directions

Fangjian Gao', MSc; Scott Thiebes’, MSc; Ali Sunyaev?, PhD

1Department of Information Systems, University of Cologne, Cologne, Germany
2Department of Economics and Management, Karlsruhe Institute of Technology, Karlsruhe, Germany

Corresponding Author:

Ali Sunyaev, PhD

Department of Economics and Management
Karlsruhe Institute of Technology
Kaiserstrale 89

Karlsruhe,

Germany

Phone: 49 721 608 46037

Fax: 49 721 608 46581

Email: sunyaev@kit.edu

Abstract

Background: Cloud computing is an innovative paradigm that provides users with on-demand access to a shared pool of
configurable computing resources such as servers, storage, and applications. Researchers claim that information technology (1T)
services delivered via the cloud computing paradigm (ie, cloud computing services) provide major benefits for health care.
However, due to amismatch between our conceptual understanding of cloud computing for health care and the actual phenomenon
in practice, the meaningful use of it for the health care industry cannot always be ensured. Although some studies have tried to
conceptualize cloud computing or interpret this phenomenon for health care settings, they have mainly relied on itsinterpretation
in a common context or have been heavily based on a genera understanding of traditional health IT artifacts, leading to an
insufficient or unspecific conceptual understanding of cloud computing for health care.

Objective: We aim to generate insights into the concept of cloud computing for health IT research. We propose a taxonomy
that can serve as afundamental mechanism for organi zing knowledge about cloud computing servicesin health care organi zations
to gain a deepened, specific understanding of cloud computing in health care. With the taxonomy, we focus on conceptualizing
therelevant properties of cloud computing for service delivery to health care organizations and highlighting their specific meanings
for hedlth care.

Methods: We employed a 2-stage approach in devel oping ataxonomy of cloud computing servicesfor health care organizations.
We conducted a structured literature review and 24 semistructured expert interviewsin stage 1, drawing on data from theory and
practice. In stage 2, we applied a systematic approach and relied on datafrom stage 1 to devel op and eval uate the taxonomy using
14 iterations.

Results: Our taxonomy is composed of 8 dimensions and 28 characteristics that are relevant for cloud computing servicesin
health care organizations. By applying the taxonomy to classify existing cloud computing services identified from the literature
and expert interviews, which also serves as a part of the taxonomy, we identified 7 specificities of cloud computing in health
care. These specificities challenge what we have learned about cloud computing in general contexts or in traditional health IT
from the previous literature. The summarized specificities suggest research opportunities and exemplary research questions for
future health I T research on cloud computing.

Conclusions: By relying on perspectives from ataxonomy for cloud computing servicesfor health care organizations, this study
provides a solid conceptual cornerstone for cloud computing in health care. Moreover, the identified specificities of cloud
computing and the related future research opportunities will serve as a valuable roadmap to facilitate more research into cloud
computing in health care.

(J Med I nternet Res 2018;20(7):€10041) doi:10.2196/10041
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Introduction

Background and Objective

Cloud computing (CC) isan innovative paradigm that provides
users with on-demand access to a shared pool of configurable
computing resources such as servers, storage, and applications
[1]. CC possesses unique features (ie, on-demand self-service,
broad network access, resource pooling, rapid elasticity, and
measured services) that are argued to enhance traditional
in-house health information technology (IT) approaches in
health care organi zations (eg, hospitalsand clinics). Researchers
claim that IT services delivered via the CC paradigm provide
major benefits for health care, including improved flexibility
in the use of IT resources [2], high availability of IT
infrastructure to address ever-changing health I T demands [3],
and low upfront investments and IT maintenance costs for the
useof health I T [4]. Surprisingly, the benefits promised by using
CC often do not hold in practice: it has, for example, been
reported that the use of cloud computing services (CCSs) istied
to implementation and preparation activities that impede the
flexibility of CC [5], the promised high availability of
cloud-based IT infrastructures also cannot always be ensured
(eg, sometimes the maximal attainable I T resources are strictly
predefined) [6], and the use of CCSsis not guaranteed to yield
the expected economic advantages for usersin health care (eg,
due to unexpected high upfront costs) [7,8]. There istherefore
a mismatch between our conceptual understanding and the
accepted meaning of CC for health care (ie, the value and/or
consequences of using CC) in practice. Such a mismatch not
only hampers the meaningful use of CC in the health care
industry (ie, CC should provide constructive support) [9] but
also could lead to countereffects for health care. Asreportedin
arecent case, performance of an electronic health record system
enabled by CC in a United Kingdom hospital diverged from
initial expectationsand led to countereffects, resultingin a£200
million (US $262 million) project failure and the hospital’s
inability to deliver key services on alarge scale [10,11].

Although the topic of CC in hedlth care has been widely
discussed in the literature, existing publications mainly focus
on development of single CC applicationsor platformsin health
care [12-16] and development of security mechanisms for the
use of CC [17-21]. Although some studies have tried to
conceptualize CC or interpret this phenomenon for health care
settings [4,22,23], they are heavily based on a genera
understanding of traditional health IT artifacts or mainly rely
on the interpretation of CC in a common context, which leads
to aninsufficient or unspecific conceptual understanding of CC
for hedlth care. CC is an IT innovation for the health care
industry that differs from traditional health IT approaches; in
addition, when conceptualizing the topic of CC in health care,
it is essential to seriously consider the health care context. The
health care industry is markedly different from the commonly
understood context and interpretation of CC [24]. Thus, this
more general CC context is not necessarily adequate for health
care. Tothisend, past research suggests that a nonspecific grasp
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of the CC concept in research and practice, irrespective of the
intricacies of the health care sector, might be amajor reason for
why few successful implementations of CCSs in health care
exist [25].

In this research, we rethink the meaning of CC for health care.
By relying on existing CCSs in practice, we aim at generating
insights into this phenomenon for health IT research. Our
research focuses on the following research questions (RQs):

RQ1: What are the relevant properties of CC for
service delivery to health care?

RQ2: What are the specific meanings of these
properties for health care?

To address the research questions, we drew on data from a
structured literature review and 24 expert interviewsto develop
ataxonomy of CCSsfor health care organizations. Taxonomies
are a form of classification [26] that are widely used to
understand I T conceptsin health care [27,28]. We expect to use
this taxonomy to organize existing knowledge about CC in
health care to fulfill our research purpose. In particular, we
relied on the taxonomy to understand CC’skey service delivery
properties for heath care organizations (RQ1) and thereby
conceptualized CC for health care settings. By classifying 50
CCssfor health care organizations that we identified from both
the literature and interviews using the taxonomy, we derived
specificities of CC for health care (RQ2) that subverted and,
therefore, challenged our understanding of CC in a common
context or from atraditional health IT perspective. Our study
conceptualizes CC gpecifically for hedth care. More
importantly, we derived concrete research directions based on
our conceptualization of CC to facilitate research on CC in
health care.

Cloud Computing Knowledge in Health Care

CCisaninnovation for health care organizations. In the health
care industry, 3 types of innovations can be observed: (1)
innovation focusing on the manner in which consumers access
health care and fund the related services; (2) innovation applying
technology to improve products, services, or care; and (3)
innovation generating new business models [29]. CC is an
innovation of applying (information) technology in health care
organizations (type 2) that is in sharp contrast to traditional
health IT approaches. CC provides 3 different service
models—software as a service (SaaS), platform as a service
(PaaS), and infrastructure as a service (laaS)—all of which are
Web-based [1]. CC can therefore ddiver fundamental IT
resources such as processing, storage (laaS), and platforms
together with programming languages, tools, and/or libraries
that support users to develop and/or deploy software (PaaS).
CC can al so provide ready-to-use software applications (SaaS),
which run on the cloud infrastructure, to health care
organizations.

CC relieson different deployment modelsto provide I T services.
First, in apublic cloud, the infrastructure of CCSsiis provided
for open use by the general public. Second, the infrastructure
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of aprivate or community cloud is provisioned for the exclusive
use by asingle organization or aspecific group of organizations,
respectively. Third, ahybrid cloud isacombination of 2 or more
of the aforementioned deployment models. Whereas public
clouds exist off the premises of cloud users, private and
community clouds may exist on or off premises.

Our research aimed at organizing knowledge about CC and
conceptualizing CC in health care. We employed the concept
of knowledge about innovations by Rogers [30] as a meansto
interpret the knowledge about CC in health care and guide the
taxonomy development. We chose it because Rogers' concept
of knowledgeis one of the few established conceptsin research
that can specify an I T artifact by observing it as an innovation,
which is appropriate for CC as an innovation in health care.
Moreover, Rogers' knowledge about innovations serves as a
basic concept in his diffusion of innovations theory. Although
wedid not specifically addressissuesregarding CC'sdiffusion,
we amed for aspecific understanding of aninnovation (in health
care), which is consistent with Rogers’ ultimate purpose for this
concept in the diffusion of innovations theory.

According to Rogers, 3 different types of knowledge are rel evant
for aninsightful understanding of an innovation: (1) awareness
knowledge comprises information about the existence of an
innovation, (2) how-to knowledge describes how theinnovation
can be applied, and (3) principle knowledge explains the
approach in which an innovation works. In this research, we
targeted how-to and principle knowledge to understand the term
knowledge. Thisis because most are aware of the term “cloud
computing” [31]. Our research focused on the properties of
CCSs that describe how CC can be used in hedlth care
organizations (how-to knowledge) and the waysin which CCSs
support health care organizations (principle knowledge).

Methods

Overview

We employed a 2-stage approach to develop a taxonomy of
CCSsfor health care organizations. Asillustrated in Figure 1,

Gao et a

we conducted a structured literature review and 24
semistructured expert interviews in stage 1, drawing on data
from theory and practice. In stage 2, we employed the views of
how-to and principle knowledge, applied the method used by
Nickerson et a [32], and developed a taxonomy of CCSs for
health care organizations. The taxonomy devel opment method
integrates the evaluation of the taxonomy into its development
process such that no further a posteriori evaluation of the
taxonomy was required.

Literature Review

To obtain data for the development of our taxonomy, we
followed the Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses framework [33] and performed areview of
the literature on CC in health care organizations. We searched
literature databases to identify research articles addressing the
topic of CC in health care organizations. Figure 2 presents a
schematic of our approach, which includes the literature
databases and the search string employed. It must be emphasized
that we iteratively developed our search string. We tested
broader keywords (eg, “eHealth,” “health IT”) but decided to
employ more specific keywords that target heath care
organizations for the final search string because our taxonomy
specifically focused on health care organizations. Moreover,
we found that the broader keywords did not result in many
additional relevant articles but increased noise, which
diminished the quality of the literature review. We performed
keyword, title, and abstract searches and ultimately full-text
reviews. Next, 2 researchers independently screened the
identified articles. The articles were first screened using
keywords, titles, and abstracts and then using the full texts. We
excluded articlesthat were not published within thelast 10 years
(not up to date: the term CC was not readily used until 2007),
not in English, not peer-reviewed, or did not address the topic
of CC in health care organizations (off-topic). A total of 66
articles remained after the screening.

Figure 1. Research methods overview. Asterisk refers to taxonomy evaluation by means of the ending conditions. CC: cloud computing, CCS: cloud

computing service.
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Figure 2. Flow diagram of inclusion/exclusion and literature analysis.
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Literature search

o Search string: (cloud OR “software as a service” OR software-as-a-service OR SaaS OR “platform as a
service” OR platform-as-a-service OR PaaS OR “infrastructure as a service” OR infrastructure-as-a-
service OR laaS) AND (hospital™ OR clinic* OR inpatient OR in-patient)

¢ Databases: ACM. AlSeL. EBSCOhost, Emerald Insight, IEEE Xplore, Proquest. PubMed. ScienceDirect

e Limits: Searches within title, abstract. and keywords

¢ [

’ Search results combined (n=3334)

v

Duplicates removed (n=828)

‘ Articles screened on basis of title, abstract. and keywords

Excluded (n=3124)
e Not up to date: 532

¢ 1

Not in English: 50

’ Included (n=210)

v

L ]
e Not peer-reviewed: 1799
s Off-topic: 743

’ Articles screened on basis of full text

Excluded (n=144)

¢ [

' » ¢ Not peer-reviewed: 8

‘ Articles assessed (n=66)

e Off-topic: 136

¢ 1

’ Relevant articles (n=49)

—» Excluded (n=17)
o Off-topic: 17

Once the screening was complete, we analyzed the remaining
articles and identified 17 additional articles that were off-topic
but could not have been excluded without an in-depth full-text
assessment. Thisprocessresulted in afinal sample of 49 eligible
articles that were assessed in detail. With the assessment, we
aimed to understand the concept of CC in hedth care
organization contexts from a research perspective. Moreover,
we attempted to identify concrete CCSs for health care
organizations in addition to their characteristics from the
literature. Accordingly, we classified the literature into 2
categories: conceptual and empirical. The conceptual category
covered articles providing general conceptual statements about
CC in health care and articles proposing CCSs that have not
been deployed in practice. The empirica category contained
articlesdescribing concrete CCSsfor health care organi zations.
This occurred because the applied taxonomy development
method employed both a deductive approach (development
based on data from the conceptual category) and an inductive
approach (development by observing objects that need to be
classified, namely, data from the empirical category) [32]. Of
the 49 eligible articles, 24 were classified as conceptual and 25
asempirical. Articlesthat describe general features of CC and
apply them to concrete CCSs were classified as specia cases
of the empirical category. Two researchers separately analyzed
thearticles. Each relevant statement was extracted and converted
into 1 or more pieces of code representing a property of CCSs
for health care organizations. Codes created by both researchers
were compared and aggregated resulting in a master list
containing codes encapsulating the properties of CCSs. The
master list covers codes from both the conceptua (ie, general
conceptual understanding of CC) and empirical categories (ie,
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concrete CCSsand their properties). It must be emphasized that
25 concrete CCSsfor health care organizations were identified
from the literature. A description of these CCSs can be found
in Multimedia Appendix 1.

Expert Interviews

To gather knowledge that could inform the development of the
taxonomy from practice, we conducted 24 semistructured expert
interviews, as listed in Table 1. We applied a purposeful
sampling strategy that focused on selecting individualswho are
especialy knowledgeable about a phenomenon of interest to
recruit interviewees [34]. We included only experts who were
engaged in IT activities in health care organizations and who
had used, provided, or knew about concrete CCSs for health
care organizations. After 24 interviews, we reached data
saturation and stopped recruiting additional interviewees. The
first 12 interviewees listed in Table 1 focus on the Chinese
health care cloud market, and the rest focus on the German
market. We selected these countries because they are the main
cloud playersin Asia and Western Europe, which are among
the regionswith the highest market sharein the overall [35] and
the health care cloud markets[36]. M oreover, the cloud markets
in China and Germany are complementary to each other:
whereas CCSs for health care organizations in Germany are
restricted to European cloud providers due to data protection
regulations by the European Union, CCSsin Chinarely onlarge
health I T players (eg, IBM, Cisco, and Microsoft) mainly from
the United States supplemented by Chinese domestic providers
[37]. Thus, we were able to gain insightsinto knowledge about
CC in hedlth care from a wide spectrum of practices. The
interviewees came from 18 different organizations and had an
average of 15 years of work experience.
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Table 1. Overview of interviewees.
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ID Job title Experiencein health IT?(years) ~ Work organization

i01 Chief information officer 8 General hospital in China

i02 Chief of information center 18 General hospital in China

i03 Project manager 12 International health IT provider

04 Staff of new media department 6 Specialized hospital in China

i05 Chief of IT department 15 District clinic in China

106 Chief executive officer 16 Chinese health IT provider for dental clinics

i07 Senior IT staff 12 General hospital in China

i08 IT supervisor 17 Chinese governmental organization for the strategic
development of public hospitals

i09 Chief of information center 11 General hospital in China

i10 Senior IT staff 9 General hospital in China

i11 Vice director 12 District hospital in China

i12 Head of IT 6 General hospital in China

i13 Chief marketing officer 33 Headlth IT provider for the German market

i14 Staff of research and development department 30 Health IT provider for the German market

i15 Head of IT applications 20 University clinic in Germany

116 Technology officer 10 Health IT provider for the German market

i17 Head of IT development 6 German local health IT provider

i18 Health I T developer 6 German local health IT provider

i19 Senior manager 19 German local health IT provider

i20 Head of IT 17 University clinic in Germany

i21 IT staff 10 University clinic in Germany

22 IT team leader 19 University clinic in Germany

i23 Chief information officer 12 District hospital in Germany

i24 Head of IT infrastructure 31 University clinic in Germany

&T: information technol ogy.

Our interview guide was structured into 3 topics, as shown in
Multimedia Appendix 2. Topic 1 addressed the interviewee's
organization, work activities, and professional experience. Topic
2 focused on the interviewee's (conceptual) understanding of
CC in hedlth care. In topic 3, interviewees were asked to
enumerate and describe all concrete CCSs in hedth care
organizations with which they were familiar. The interviews
lasted between 30 and 90 minutes, with an average of 51.33
minutes. All interviews were audio recorded and transcribed
afterwards.

Two researchers separately analyzed the transcripts. For the
samereasonsasintheliterature analysis, theinterview analysis
focused on not only the conceptual understanding of CC in
health care but also concrete examples of CCSs, including their
properties. Thus, we classified theinterview data obtained from
topic 2 of the interview guide in the conceptual category,
whereas the interview data obtained from topic 3 fell into the
empirical category. Both researchers empl oyed the same coding
technique used inthe literature analysisto analyzetheinterview
data. Consequently, we obtained a list of codes representing a
conceptua view of CC in health carefor the conceptual category

http://www.jmir.org/2018/7/€10041/

and alist of codes representing properties of concrete CCSsin
health care organizations for the empirical category. In total,
25 CCSsfor health care organizations were identified from the
interviews, which are presented together with the 25 CCSs
identified from the literature in Multimedia Appendix 1.

Taxonomy Development

For the taxonomy devel opment, we chose the method proposed
by Nickerson et al [32], which provides a systematic taxonomy
development approach for IT objectsand iswell acknowledged
in the domain of health IT [38,39]. According to Nickerson et
a [32], a taxonomy is a set of dimensions in which each
dimension consists of more than 1 characteristic. In taxonomy
development, several iterationsare used to determine dimensions
and characteristics. After each iteration, predefined ending
conditions are employed to evaluate the taxonomy: if not all
ending conditions can be fulfilled, the taxonomy devel opment
continues with the next iteration. In each iteration, researchers
can choose between an inductive and deductive approach. A
deductive approach is based on theoretical knowledge about
the objects that need to be classified; an inductive approach is
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based on observing and analyzing a sample of the objects. For
the deductive approach, we applied al data about CC from the
conceptual category (see Figure 1). For the inductive approach,
we employed data from the empirical category for all 50
identified CCSsin health care organizations.

Before developing a taxonomy, researchers must define a
meta-characteristic  and  ending  conditions.  The
meta-characteristic guides the choice of dimensions and
characteristicsin the taxonomy. As aresult, each dimension or
characteristic of the taxonomy isalogical consequence of the
meta-characteristic. Our taxonomy builds on 2 relevant
knowledge types of CCSs to define the meta-characteristic:
how-to and principle knowledge. We defined “ service delivery
properties of CCSs for health care organizations’ as our
meta-characteristic that covershow CCSs can be used by health
care organizations (how-to knowledge) and describes the
approachesin which CCSs support them (principle knowledge).
Both knowledge types serve as the conceptual orientation of
the taxonomy asawhole. For the ending conditions, we adopted
al of the objective and subjective ending conditions from
Nickerson et al [32]. The subjective ending conditions also serve
as criteriato evaluate the sufficiency of the taxonomy.

For each iteration, we randomly chose adevel opmental approach
(ie, inductive or deductive). Based on the chosen approach, we
randomly selected data from our data pool accordingly (ie,
understanding of CC from the conceptual category for a
deductive approach and concrete CCSsand their propertiesfrom
the empirical category for an inductive approach). The amount
of datawas adjusted such that each iteration could be performed
in areasonable time frame (45 to 60 minutes).

For an iteration using the deductive approach, wefirst examined
codes about CC to identify and summarize new characteristics
and/or dimensions. We determined whether each potential new
characteristic or dimension derived from a code could be
considered alogical consequence of the meta-characteristic and
whether there was a concrete CCS in our empirical category
that could be classified into this characteristic/dimension. If
both criteria were fulfilled, the new characteristic/dimension
was added to the existing taxonomy. For an iteration using the
inductive approach, we first examined and compared the
properties of the selected CCSs from the empirical category.
We attempted to derive common characteristics of the chosen
CCSshy comparing their codes. If theidentified characteristics
were new, we attempted to assign them to existing dimensions
(as characteristics) if possible. Otherwise, we grouped the
characteristics, inspected their conformity with the
meta-characteristic, and defined them as new dimensions for
the taxonomy, if necessary. After each iteration, we applied the
predefined ending conditions to eval uate our taxonomy. For an
inductive approach, we additionally classified all CCSs that
were analyzed using the (preliminary) taxonomy, as required
by Nickerson et al [32]. After 14 iterations, we met all ending
conditions and thus stopped the taxonomy development.
Multimedia Appendix 3 summarizes these iterations and the
datawe applied to each. Because all identified CCSsfor health
care organizations (n=50) were analyzed in our research (ie, an
objective ending condition), these CCSs were classified by the
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taxonomy. The final classification result serves as a part of the
taxonomy.

Results

Dimensions and Char acteristics

Our taxonomy of CCSs for hedlth care organizations is
composed of 8 dimensions and 28 characteristics (see Table 2
for overview). Thefirst 4 dimensions (service form, deployment
model, targeted cloud advantage, and timeliness) represent
principle knowledge, which is related to the inherent
mechanisms and principles of a CCS and describes the
approaches in which CC supports health care organizations.
The remaining 4 dimensions address concrete methods to
implement (ie, how to use) CCSsfor health care and represent
how-to knowledge.

The service form and deployment model dimensions are
consistent with the service and deployment models of CC,
respectively [1]. They clarify the most basic operational
principles of CCSs for health care organizations, which relate
to principle knowledge. The dimension service form contains
3 characteristics: infrastructure, platform, and software, which
refer to laaS, PaaS, and SaaS of CC, respectively. The
deployment model dimension indicates whether CCSs are
deployed using a public, community, or private cloud. Because
a hybrid cloud is, by definition, composed of 2 or more of the
aforementioned deployment models, we do not define hybrid
as an independent characteristic of the deployment model.
Instead, our taxonomy represents a CCS with a hybrid
deployment model by using 2 or more of the characteristics
defined above.

The targeted cloud advantage dimension describesthe concrete
cloud properties from which a health care organization can
benefit. This dimension highlights the effects of using CCSs
and isalso considered atype of principle knowledge. Scalability
refers to the advantage of a CCS that extends its I'T resources
(eg, storage, processing, and memory) to overcome a health
care organization's |IT resource scarcity or support
resource-intensivetasks. Elasticity representsa CCS's capability
to dynamically alocate available resources based on users
demands and thus optimize resource use for all users. Ubiquity
indicatesthat users can accessthe CCS from any location. Cost
efficiency emphasizes the cost advantage brought by CCSs.
Shareability refersto the ability of CCSsto enable the efficient
exchange and sharing of data between different users, whereas
interoperability denotes the ability of a CCS to smoothly
integrate and operate with disparate systems and machines.
Security allows health care organizations to take advantage of
cloud providers advanced data security mechanisms or
technologies.

Timeliness assesses how quickly CC is ableto deliver services
and related data to health care organizations (real time vs not
real time) and thus relates to principle knowledge. We define a
CCSasreal timeif it isready to process or transfer data at any
time, such that the computational results and requested dataare
immediately available.
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Table 2. Taxonomy of cloud computing services for health care organizations.

Dimension

Characteristics

Principle knowledge
Service form
Deployment model
Targeted cloud advantage
Timeliness

How-to knowledge
Supported task
User
Service delivery device

Patient data involvement

Software, platform, infrastructure

Public, private, community

Scalability, elasticity, ubiquity, cost efficiency, shareability, interoperability, security
Real time, not real time

Clinical, administrative, strategy, research
Patient, medical staff, family member
Independent, adapted, specialized

Internal, external, no involvement

The supported task dimension specifiesthe areasin which health
care organizations use CCSs. This dimension highlights the
manner in which CC supports health care and is deemed atype
of how-to knowledge. Supported task includes 4 characteristics:
clinical, administrative, strategic, and research. Clinical refers
to medical activitiesin health care organizationsthat are directly
associated with patient diagnosisand treatment. Administrative
denotes management or support tasks in hedth care
organizations, such as patient registration, admission, and
discharge. Strategic representstasks performed by management
teams in health care organizations, such as strategic planning
decisions, human resources management, and performance
evaluations. Research represents all activities that are related
to medical research.

The user dimension rel atesto how-to knowledge and aggregates
the possible user types of CCSs. This dimension differentiates
between a patient who receives medical treatment at a health
care organization, the medical staff (health care professionals
as well as administrators), and the family members of the
patient.

Service delivery device refers to how-to knowledge because
this dimension represents the types of client devices used to
access the CCS. A CCS with an independent characteristic
allows users to access services using any computer or mobile
device. Adapted specifies that a CCS is compatible with
different types of devices but operates more efficiently on a
certain group of devices (eg, mobile phones or tablets) via
technical adaptation to those devices (eg, developing specidized
applications for tablets or compressing data to accelerate data
transfer for mobile phones). Specialized represents those CCSs
that can be accessed by only 1 or several designated groups of
devices, such as authorized tablet computers, workstations in
health care organizations, or specific medical devices.

Finally, the patient data involvement dimension, which also
relates to how-to knowledge, explains how patient-related data
are used to deliver services. Internal indicates that a CCS uses
patient data that are internally available to the health care
organizationfor I T service delivery. External refersto asituation
in which a CCS uses patient data collected from external
sources, such as outside medical professionals or the patients
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themselves. No involvement indicates that a CCS does not have
access to patient data and thus does not use such data in IT
service delivery.

Classification and Evaluation

After completing al taxonomy development iterations, we
classified all 50 CCSs that we identified during stage 1.
Multimedia Appendix 4 presentsthefinal classification results.
In this section, we provide an example of how our taxonomy
can be used to classify CCSsfor health care organizations. This
example examines a hospital decision support system for
bed-patient assignments (see C22, Multimedia Appendix 1).
Because this CCS addresses patient administration and assists
hospital leadership in measuring and benchmarking hospital
operations, it supports both administrative and strategic tasks.
The CCSisdelivered in the form of a software application and
is hosted in a public cloud environment. The targeted cloud
advantageis scal ability because the hospital benefitsfrom CC's
computing resources to analyze large quantities of data based
on complex mathematical models. The CCS does not operate
inreal time (not real time). It isused by medical staff and isnot
device-specific (independent). Finally, the patient data processed
by the CCS are internal.

Our taxonomy fulfillsall predefined ending conditions after 14
development iterations. In particular, the fulfillment of 5
subjective ending conditions indicates high sufficiency of the
taxonomy. We summarized these subjective ending conditions
and provide ajustification for the fulfillment of each condition
in Multimedia Appendix 5. Notably, the subjective ending
conditions describe the essential features of the derived
taxonomy.

Discussion

Principal Findings

Specific Meaningsof Cloud Computing for Health Care
and Research Opportunities

By observing the taxonomy, which includes the classification
results of CCSs for health care organizations, we obtained
specific implications of CCSsfor health care.
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Table 3. Specificities of cloud computing for health care.
Number Specificity Previous understanding Type
1 CC?relies on Saas” PaaS® and 1aaS” in general are as relevant as SaaS Type 1°
2 CC increases data security and interoperability Low data security and interoperability as CC's downside Typel
3 If any, CC only brings economic benefitsinthelongterm  Reduced costs by using CC in general Typel
4 CC focuses on clinical tasks Health 1T traditional ly supports more management areas Type 29
5 CC supports patient-centeredness Health IT products are traditionally heavily physician-centered Type 2
6 CC increases service mobility and flexibility Headlth IT traditionaly suffers from inflexible service access Type 2
7 CC facilitates collaboration in clinical areas Insufficient capabilities of traditional health I T to support collaboration  Type 2

8CC: cloud computing.

bSaas: software as aservice.
®PaaS: platofrm as a service.
d1aaS: infrastructure as a service.

®The specificity challenges what we have learned about CC in a general context.

fIT: information technol ogy.

9The specificity challenges what we have learned about traditional health IT.

Asdemonstrated in Table 3, these implications offer 2 types of
challenges to our previous understanding of CC in health care:
they challenge what we have learned about CC in a genera
context (type 1) and in published traditional health IT studies
(type 2). We employed the term “specificities’ to summarize
these implications, thereby highlighting the specific meanings
of CC for health care. More importantly, as shown in Figure 3,
the summarized specificities suggest research opportunitieswith
exemplary research questions, facilitating future research about
this relevant phenomenon in health IT.

Specificity 1: Cloud Computing in Health Care Relies
on Software as a Service

Previous studies show that in acommon context, PaaS and |aaS
are as relevant as SaaS in the cloud market [40]; however, this
result is challenged by CC in the context of health care (type
1). We found that 92% (46/50) of the CSSs deliver servicesin
the form of SaaS (dimension service form). The identified
research articles and the interviewees even applied theterm “ X
asaservice,” such as“hospital information system asaservice’
[41] or “documentation as a service” (i17), to emphasize the
importance of such CCSs, although by their nature they belong
to SaaS. This is possibly because health care organizations
expect to exploit the advantages of SaaS to the greatest extent
and in atimely manner.

For hospitals, cloud almost only means software as
a service because many hospitals want to use (them
as) off-the-shelf products. ..SaaS products that
support medical areas are especially welcome
because hospitals always expect to get immediate
improvement from the cloud in their core business.
[Interviewee i03]
Thelack of PaaS