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Abstract

Background: The internet is widely used by children and adolescents, who generally have a high level of competency with
technology. Thus, the internet has become a great resource for supporting youth self-care and health-related services. However,
few studies have explored adolescents’ internet use for health-related matters.

Objective: The objective of this systematic literature review was to examine the phenomenon of children and adolescents’
health-related internet use and to identify gaps in the research.

Methods: A total of 19 studies were selected from a search of major electronic databases: PubMed, Cumulative Index of Nursing
and Allied Health Literature, and PsycINFO using the following search terms: “health-related internet use,” “eHealth,” “Internet
use for health-related purpose,” “Web-based resource,” “health information seeking,” and “online resource,” combined with
“child,” “adolescent,” “student,” “youth,” and “teen.” The children’s and adolescents’ ages were limited to 24 years and younger.
The search was conducted from September 2015 to October 2017. The studies identified to contain youth (<24 years) health-related
internet use were all published in peer-reviewed journals in the past 10 years; these studies examined general internet use seeking
health care services, resources, information, or using the internet for health promotion and self-care. Studies were excluded if
they explored the role of the internet as a modality for surveys, recruitment, or searching for relevant literature without specifically
aiming to study participants’health-related internet use; focused solely on quality assurance for specific websites; or were designed
to test a specific internet-based intervention.

Results: Interesting patterns in adolescents’ health-related internet use, such as seeking preventative health care and specific
information about medical issues, were identified. Quantitative studies reported rates of the internet use and access among youth,
and the purpose and patterns of health-related internet use among youth were identified. A major objective of health-related
internet use is to gain information, but there are inconsistencies in adolescents’ perceptions of health-related internet use.

Conclusions: This study’s findings provide important information on how youth seek information and related support systems
for their health care on the internet. The conceptual and methodological limitations of the identified studies, such as the lack of
a theoretical background and unrepresentative samples, are discussed, and gaps within the studies are identified for future research.
This review also suggests important features for potential Web-based health interventions for children and adolescents.

(J Med Internet Res 2018;20(4):e120)   doi:10.2196/jmir.7731
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Introduction

The internet is widely used by children and adolescents, who
generally exhibit a high level of competency with technology
[1,2]. Its unique features and major benefits, such as highly
engaging and motivating virtual components, as well as the
portable, multitasking tools that give users easy and fast access
to computers and mobile devices, mean that the internet has
become a prevalent mode of communication and networking
among youth [3,4]. Adolescents engage in many different
activities on the internet, such as information searching, sharing
personal information and artifacts, social media use, and
recreational activities [5]; up to a quarter of their time is spent
using multiple forms of media simultaneously, also known as
multi-tasking [6]. As youth have a generally high level of access
to the internet in their daily lives [7], it has become a major
resource for them in supporting their self-care and health-related
activities and services [8-10]. Although the internet is widely
accessible and is well accepted by young people, there is as yet
only a limited understanding of the patterns and characteristics
of youth health-related internet use.

There are different patterns of the internet use by the various
subgroups of this population depending on their developmental,
gender, and social characteristics. As children progress to early
adolescence, general internet usage increases and then levels
off, presumably because of the heavier academic workload that
teenagers must shoulder when they enter high school [11-13].
Similarly, research conducted on gender differences in internet
use during adolescence is inconclusive [14]. Some studies have
found boys (58%) to be more frequent users of the internet
compared with girls (44%) [15], whereas other studies observed
no significant gender difference in internet usage [16,17].
Children and adolescents also display notably different behavior
in diverse regions of the globe depending on the local cultural,
economic, and technological landscapes in their use of
computers, mobile devices, and the internet. For example, a
recent study from a cross-cultural context reported that the issue
of internet addiction is not restricted to regions with high internet
availability [18]. Data have shown that only 20% of African
students reported spending an average of over 2 hours per day
online compared with 42% and 40% of Chinese and US students,
respectively [18]. However, despite the fact that access to the
internet is much more limited than in either the United States
or China, internet addiction is actually more prevalent in Africa
[18].

The availability of high-quality health information can have a
significant impact on the health outcomes of an individual.
Health-related internet use is known to be associated with
socioeconomic status, which is referred to as the digital divide
[19]. Information obtained from interpersonal, online, or media
sources facilitates the dissemination of new information, as well
as influences how individuals shape their experience of health
and illness [20]. This is true especially among young adults as
they recognize social media as useful sources of information to
supplement those received during their health care visits [21].
Online communities and social media are used to enhance access
to valuable support networks, foster social inclusion, and

facilitate peer-to-peer connections among adolescents with
short-term or long-term diagnoses [21,22].

Young people have unique characteristics and can therefore
pose special challenges for health promotion. During
adolescence, teenagers undergo biological developments that
involve physical, emotional, social, and pubertal maturation
[23,24]. Due to these unique developmental characteristics,
adolescence is also considered the most vulnerable period for
engaging in various risky behaviors such as smoking, drugs,
and sex [23]. However, adolescents also tend to form healthy
habits and learn appropriate practices for their health concerns
and management that can last for the rest of their lives [25].
Thus, youth is a critical period for the development of good
health practices, highlighting the need to provide specific
guidance for information and support related to their health and
developmental milestones [26].

The internet offers many potential benefits for adolescent health
promotion, including increasing the number of interventions
for diverse topics related to the use of the internet among young
people [27,28]. However, there is only a limited understanding
of health-related internet use among children and adolescents.
The purpose of this review is thus to conduct a systematic
analysis of the research on this topic during the last 10 years
and use the results to develop suggestions for important features
that support effective Web-based health interventions for
children and adolescents. The specific aims of this systematic
review are as follows: (1) to describe the phenomenon of
children and adolescents’ health-related internet use, (2) to
identify benefits and barriers to health-related internet use for
children and adolescents, and (3) to examine conceptual and
methodological issues in the current literature.

Methods

Search Overview
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses provides useful guidelines for systematic review
studies [29]. This review is registered at PROSPERO
(International Prospective Register of Systematic Reviews). On
the basis of a careful consideration of the purposes of the study,
inclusion and exclusion criteria are established to guide the
subsequent search process, as shown in Figure 1.

Search Strategy
Studies were selected from a search of three major electronic
databases: PubMed, the Cumulative Index of Nursing and Allied
Health Literature (CINAHL), and PsycINFO. An additional
search was conducted using Google Scholar. Studies were also
retrieved from the reference lists of the included studies. The
search terms consisted of “health-related internet use,”
“eHealth,” “internet use for health-related purpose,” “Web-based
resource,” “online resource,” and “health information seeking,”
combined with “child,” “adolescent,” “student,” “youth,” and
“teen.” The studies were restricted to those concerning children
and adolescents aged 24 years and under. The initial search was
conducted from September 2015 to October 2017. Studies were
included regardless of the location of the study to provide the
broadest possible perspective of health-related internet use by
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young people. Adopting a global perspective was expected to
enable us to examine a wide range of diverse phenomena, some
of which could depend on the target population and where the
study was conducted.

This study includes those who are up to 24 years to gain a
comprehensive picture of health-related internet use among
young people. Although there is no universal definition of
adolescence, it is traditionally assumed to refer to youth from
12 to 18 years of age, with those in the age range of 18 to 24
years being considered late adolescents or young adults [30].
As there has been no previous systematic study of the
health-related internet use of this population, our study was
intentionally adjusted to include a broader age range and thus

provide a deeper understanding of the unique characteristics of
health-related internet use among these subpopulations (both
younger and older adolescents) irrespective of location.

The initial search identified 740 studies. After the removal of
105 duplicates, the titles and abstracts of 635 studies were
reviewed to determine whether they met the inclusion criteria,
resulting in a list of 74 potentially relevant studies. The full
texts of these studies were then retrieved for in-depth analysis
by two independent reviewers to confirm both the inclusion and
exclusion criteria listed below were met, which led to 55 studies
being excluded. The remaining 19 studies were included (Figure
1).

Figure 1. Flowchart of the literature search process. CINAHL: Cumulative Index of Nursing and AlliedHealth Literature.
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Textbox 1. Inclusion criteria.

Studies were included if

• they were published in a peer-reviewed academic journal from 2007 to 2017

• the study participants were under 24 years of age

• the studies examined general internet use seeking health care services, resources, or information or use of the internet for health promotion and
self-care

• they were written in either English or Korean

Textbox 2. Exclusion criteria.

Studies were excluded if

• the study participants were mixed with other populations aged 24 years or older

• the ages of the participants were not specified or reported

• the study participants were trained or were training to become professional health care providers (ie, physicians, nurses, or medical or nursing
students)

• the intervention modality was combined with other non-Web-based technologies (such as telephones)

• the internet was simply a modality for conducting surveys or recruitment, or searching for relevant literature, rather than studying participants’
health-related internet use

• the study focused solely on quality assurance for specific websites;

• the study consisted of “gray literature” such as dissertations, papers or abstracts in conference proceedings, or editorials

• the study focused on testing a specific internet-based intervention

Eligibility Criteria
The inclusion and exclusion criteria for studies are shown in
Textboxes 1 and 2.

Data Extraction, Analysis, and Synthesis
One of the authors initially reviewed the titles and abstracts
based on the purpose of the study and the inclusion or exclusion
criteria, after which two reviewers independently reviewed the
full texts of the studies that were initially selected and coded
them into an analysis table. The coding scheme was developed
to help identify the components relevant to the study design and
to address the first two research questions. The coding scheme
included the year of publication, purpose of the study, country,
number of participants, participants’characteristics (eg, medical
conditions and age), theoretical framework, main constructs,
definition of health-related internet use provided, prevalence of
health-related internet use, research design, sampling, data
collection methods, instruments (including reliability and
validity), data analysis, major findings, and study limitations.
The coding also identified whether the findings of each of the
quantitative studies indicated positive or negative perceptions
about health-related internet use, as well as whether more than
50% of the participants had ever used the internet for
health-related purposes. The qualitative and the quantitative
studies that did not report these findings were coded as
nonapplicable.

For the third research question, a coding table was created based
on the guidelines suggested by the Agency for Healthcare
Research and Quality criteria [29,31] that considered the
research design, conceptual framework, sampling method, data
collection method, instrument, analytic method, and threats to

validity. The coding indicated whether the study utilized
random, purposive, or convenience sampling; was quantitative
or qualitative; where the data were collected, conducted at a
single or multiple sites, and was an online survey, pen and pencil
survey, interview, or focus group; and if the study utilized
appropriate statistical analytic methods such as descriptive
statistics, univariate regression and multivariate regression, or
qualitative methods such as thematic analysis and content
analysis. Potential threats to validity, such as self-report, a single
site study, or self-selection bias were also identified and coded
accordingly.

After coding tables were completed, the authors independently
checked for discrepancies in the coded results to ensure
accuracy. In the case of disagreement between authors, external
review from experts in the area of health-related internet use
would be considered. In this process, no disagreement was
found. After coding was completed, authors synthesized the
findings based on each research questions. The findings were
then analyzed based on Eysenbach’s framework and the
objectives of this review [32]. The perceptions of those
participating in the various studies about health-related internet
use and the prevalence of participants that had ever used the
internet for health-related purposes were analyzed using
descriptive statistics and the chi-square test to examine the
differences between the studies published from 2007 to 2012
and 2013 to 2017.
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Results

Characteristics of Study Participants
A total of 19 studies met the inclusion criteria, of which the
majority (n=11) were conducted in the United States. Others
were conducted in the United Kingdom, Canada, Israel, Nigeria,
Sweden, and Uganda. In the selected studies, the majority of
the adolescent participants were not suffering from any pertinent
medical conditions (n=16); the remainder were identified as
having juvenile arthritis [33], type 1 diabetes mellitus [34], or
undergoing orthodontic treatment [35]. Apart from 2 studies
whose sample specifically consisted of female [36] and male
youths [37], all the studies included mixed gender. Hispanics
made up the largest group in these studies, with proportions
ranging from 9% [38] to 84% [39].

The types of communities people live in serves as a partial
indicator of their socioeconomic status, and participants in the
studies reported in the literature covered a wide range, from
living in predominantly underserved, minority community areas
[37,39-42] to middle class income areas [38] and urban areas
[33,43-46]. The study settings, study participants, and their
characteristics, along with their main findings are summarized
in Multimedia Appendix 1. Three studies included participants
who were incarcerated in a juvenile detention facility [40], who
had run away from home and were homeless [47], and men who
had sex with men (MSM) [37] to identify the characteristics of
various subgroups of youth.

In total 10,974 participants took part in the selected studies,
with those enrolled in individual studies ranging from as low
as 24 to 6728. The average number of participants per study
was 552. All the participants were 24 years or younger.

Health-Related Internet Use

Prevalence of General Internet Use and Patterns of
Health-Related Internet Use
The studies generally agreed that youths spend a large amount
of time using the internet. According to the studies, 82.8% of
youth in the age range of 11 to 18 years spend 1 to 4 hours/day
online (Multimedia Appendix 2) [45] Interestingly, boys in the
age range of 10 to 11 years reported using the internet for only
30 min/day, whereas youth in the age range of 14 to 15 years
of both sexes were online for several hours/day [34]. Although
the time youth in the age range of 16 to 17 years spent online
drops to less than 1 hour/day [34], this is most likely related to
the higher burden of academic work they are expected to
accomplish at this age. Teens over 15 years reported more
frequent use of the internet for searching health information
than those younger than 15 years [41,42].

Researchers have also suggested that there is a difference in the
frequency of daily internet usage in youths with sexual
orientation differences. MSM youths exhibited significantly
more frequent daily internet use (77%) than non-MSM (60%)
when using it as a medium to search for their unique health
information needs and to facilitate the development of their
sexual identity [37]. Some of the venues used to access the
internet were homes, schools, a friend’s home, an internet café,

or the public library [48]; many runaway and homeless youth
relied primarily on public access (ie, libraries and youth services
agencies) [47].

A high frequency of internet use is also widely reported, and
this finding is consistent across all the study countries.
Sixty-four percent of youth (aged 10-16 years) in the United
Kingdom are daily users, and a further 26% use the internet at
least once or twice a week [35]. In the United States, 97% use
the internet at least once a month, with 87% using it at least
once a week [40]. For social networking, 87% maintain a
personal social networking site (SNS) profile on MySpace or
Facebook [41], and 96.6% use My Yearbook, Tagged, and Bebo
[49]. Even in countries where access to the internet may be more
limited, SNSs were popular with young people: in Nigeria, 73%
reported that they had used the internet [46].

The findings of the various studies show that a high percentage
of youth have used the internet for health-related purpose
[33,37,39,41,48,50,51]. Among those (n=10) that reported ever
using the internet for health-related purposes, the majority (80%,
8/10) found more than 50 percent have done so
[33,39,41,47,48,50,51], whereas the remaining two reported
fewer than 50% in the use of internet for this purpose [35,45].
There was no difference in the percentage of participants’
lifetime health-related internet use depending on the publication
year when analyzed using a chi-square test (P>.05).

In a 2012 study of US teenagers, 81% reported that they had
checked online health information, and 71% were very likely
to search the internet for information on health; 59% sought
online health information for their family’s health; and 56%
had heard of Medline Plus [39]. In an earlier study of youth in
the age range of 18 to 19 year, 65% reported the internet to be
their primary source for health-related information [51].
However, this number was not consistent across populations
and depended on specific conditions. A recent study in the
United States found that 91.9% of youth with juvenile arthritis
used the internet for more than 5 min/day, 69.4% used it for 30
min/day, and 36.6% for more than 1 hour/day [33]. Among
youth undergoing orthodontic treatment in the United Kingdom,
only 8% used the internet for specific disease-related
information, and 3% had seen a phone app about orthodontics.
Instead, their main source of information was their health care
providers (HCPs), with only 8% using the internet as a primary
source of information [35]. An Israeli study that compared
Jewish and Arab middle and high school students’ internet
access and health information–seeking behavior online found
that although the two groups were similarly likely to access the
internet, Arab students were far more likely to use the internet
as a source of health information [48].

For the studies published from 2007 to 2012, daily users of the
internet in this age group varied from 54.4% [47] to 88.2% [51],
both in the United States. In studies published from 2013 to
2017, this had risen to from 64% [35] to 82.8% [45], both in
the United Kingdom.

Device and Mode Used to Access the Internet
Although there has been a significant increase in the ownership
of mobile phones by adolescents in recent years, many studies
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did not evaluate health information seeking via internet-enabled
devices. Of those that did [35,40,41], the most common means
for accessing the internet were personal computers or laptops
(65%), followed by cell phones or other mobile internet-enabled
devices (42%), with many reporting using both [40]. Stephens
et al [35] asked specifically whether their study participants
accessed mobile apps, and only 3% answered in the affirmative
way, whereas in another study, one-third of the Native American
youth reported that the use of their cell phone (36%) was a
regular mode of internet access [41].

Purpose of Health-Related Internet Use
Eysenbach’s framework indicates the major types of
health-related internet use as consisting of information (content),
support (community), communication, and electronic commerce
(e-commerce) [32]. The findings of each study were therefore
coded into three categories based on this framework; support
and communication were combined into a single category for
the purposes of this review. These are discussed in turn below.

Information
The primary purpose for health-related internet use is seeking
information. The topics that young people search for online
includes information on daily health-related issues
[33-35,38,39,41,43,45-47,48], physical well-being
[40,41,45,48,52], sexual health [33,37,42,45-47,48-51], mental
health [33,41,44,52], social problems [33,34,36,37,44,52,50,51],
and culturally and religiously sensitive topics [41,48]. Daily
issues that play a significant role in young peoples’ lives, such
as sports injuries, flu, chronic diseases, asthma, sexual health,
fitness, and infections, are common areas of interest for youth
on the internet [45]. This is particularly true for those suffering
from particular diseases [33]. The internet also serves as a
confidential source for information that may be culturally or
religiously sensitive [48]; the greater likelihood of Arab youths
seeking online information about mental health issues compared
with their Jewish peers reflects the relative lack of mental health
professionals available for Arab youth, as well as they being
more culturally constrained than Jewish adolescents with regard
to exposing personal concerns and problems [48]. On the other
hand, there is some evidence to suggest that youth may be more
likely to use the internet for less sensitive topics such as nutrition
and exercise and less likely to look for sensitive topics such as
violence, sexual health, bullying, tobacco, alcohol, drugs, and
mental health [33]. Young people who are experiencing
symptoms such as emotional difficulties often seek help for
their feelings [52] and information related to their psychosocial
health from peers online [44]. However, it has been reported
that adolescents do not tend to use the internet for pain
management [45]. Among those with diseases such as arthritis
or diabetes, young people seek information related to their
symptoms (52.4%) and treatment options (47.4%) [52] and may
also turn to alternative sources (HCPs or peers) depending on
the topic.

Support (Community) and Communication
Youths often use the internet to connect and create supportive
communities on particular health issues, expressing interest in
diverse online activities related to health, including messaging

and connecting with others, networking, and receiving
information. Intriguingly, 61.2% preferred an online support
group to offline in-person groups [33], and children who were
receiving hospital treatment in Sweden for a chronic disease,
in this case diabetes, expressed a strong interest in using the
internet for support networking, as well as for interpersonal
contacts with their nondiabetic peers [34]. Youth with sexual
orientation differences found the internet helpful as a way to
connect to the gay community and meet partners online, as well
as enabling them to discuss safe sex practices and boundaries
and exchange information on HIV status before meeting
prospective partners offline [37]. Interestingly, email
communications with HCPs were not reported as a major
purpose of health-related internet use.

Electronic Commerce
None of the studies included in this review examined young
people’s health-related internet use for e-commerce.

Factors Associated With Health-Related Internet Use
Gender, age, and in-school status are associated factors for the
frequency of health-related internet use [34,45]. Girls tend to
use the internet more often for help seeking online [41,45].
Youth of both sexes aged 16 to 17 years reported the internet
to be their primary source for information, whereas those aged
10 to 11 years regarded their parents as their main source for
information [34]. Similarly, youth aged 12 to 14 years regarded
parents, teachers, and other adults as their primary source of
health information, including sexual health [42]. Perhaps it may
not be surprising that girls in Nigeria who are in school are more
capable of finding information online than those who are out
of school [36]. Only one study considered a potential association
with race and ethnicity, reporting that among MSM in the United
States, whites used the internet more frequently compared with
African American and Latin American youths [37].

Notably, youths’ emotional characteristics and engagement in
risky behaviors are associated with internet use [33]. Young
people who have a lower psychosocial quality of life tended to
have higher use of the internet for health-related matters [33],
although there was no association with coping skills or pain
frequency [45]. Additionally, youth who engage in high risk
behaviors such as smoking, less physical activity, less sun
protection activity, and depression were more willing to use
technology for health promotion [38].

Electronic health (eHealth) literacy level was positively
associated with seeking health information online [39], as were
exposure to a health course, online information seeking,
exposure to MedlinePlus, parents’ need for an interpreter when
communicating with HCPs, upper grade in school, financial
status higher health-related self-efficacy, and ethnicity
(non-Hispanic), all of which are associated with a higher level
of eHealth literacy [39]. An exposure to a specific website such
as Medline online is known to facilitate health-related internet
use; those enrolled on campuses promoting careers in the health
care field and exposure to a health course are more likely to
have heard of Medline Plus, and 11th graders are more likely
to use Medline Plus than 9th or 10th graders [39]. Youth whose
parents need interpreters to communicate between a family
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member and an HCP are also more likely to have heard of
Medline Plus [39]. However, no association was found between
access to technology and willingness to engage in eHealth
literacy [38].

Perceptions of Health-Related Internet Use
Overall, children and adolescents’ perception of health-related
internet use is positive. The information presented in Table 1
for the quantitative studies includes whether the findings of
each study indicate positive or negative perceptions of
health-related internet use. The key evidence supporting this
finding is also summarized. This perception is based on

participants’overall perceptions, the likelihood they will search
online for health-related information, and participants’ trust,
preference, and interest in using the internet as their primary
source for health-related purposes. Among the studies that
reported the participants’ perceptions on health-related internet
use quantitatively (n=12), 50% (6/12) indicated that young
people have generally positive perceptions about health-related
internet use, with only 33.3% (4/12) reporting that children and
adolescents have overall negative perceptions and 17% (2/12)
reporting neutral perceptions. When we analyzed whether the
perception depended on the publication year using a chi-square
test, there was no statistical difference.

Table 1. Conceptual definitions and theoretical backgrounds.

Authors and studiesTheoretical backgroundDefinition and sourcesKey concept related to
health-related internet use

Manganello et al, 2016 [43]—b“Ability to seek, find, understand, and appraise health in-
formation from electronic resources and apply such
knowledge gained to addressing or solving health problem”
[53]

eHealtha literacy

Stephens et al, 2013 [35]—“Purposive search for health-related information to satisfy
a query” [54]

Health information–seeking
behavior

Tercyak et al, 2009 [38]Theory of planned behavior;
problem behavior theory

“Web-based health education and behavior change applica-
tions” [28]

eHealth promotion

Johnson et al, 2015 [33]—“Integration of information and communication technolo-
gy.”

eHealth intervention

Wetterlin et al, 2014 [52]—“Use of information and communication technologies to
improve mental health.“ [55]

Electronic mental health

Barman-Adhikari et al, 2011
[47]

Andersen behavioral model
and Pescosolido’s network
episode model

“Seeking assistance from mental health services, other
formal services, or informal support sources for the purpose
of resolving emotional or behavioral problem” [56]

Help seeking (help seeking
online)

Neumark et al, 2013 [48]—“Those who bring information obtained online to the
medical consultation” [57]

e-patient

Buhi et al, 2009 [51]; Fergie
et al, 2013 [44]; Gaskin et
al, 2012 [40]; Ghaddar et al,
2012 [39]; Henderson et al,
2013 [45]; Magee et al, 2012
[50]; Mustanski et al, 2011
[37]; Nordfeldt et al, 2013
[34]; Nwagwu, 2007 [36];
Rushing et al, 2011 [41];
Selkie et al, 2011 [49]

——None

aeHealth: electronic health.
bNot provided.

Perceived Benefits
Regarding the perceived importance and usefulness of the
internet, 90% of the participants in one study responded that
having access to health-related resources on the Web is
important [40], but only 8% of those in another study stated
that their preferred source of information was the internet [35].
When adolescents are asked specifically about their sexual
health–related use, 48.1% reported that they are relieved or
comforted by the information online [52]. This positive
perception is consistent with those found in a study on youth
who have been detained in a juvenile detention facility, where
90% believed that access to information on various websites

was useful [40]. However, young people have also reported that
they would prefer sexual health Web-based sources to contain
more comprehensive [50] or broader spectrum of topics [41]
rather than just sexual health information.

User-generated content is perceived as advantageous for online
health content as it provides diverse views and experiential
knowledge combined with anonymity [44]. Many youth with
sexual orientation differences reported that the internet
facilitated the development of their sexual identity by connecting
them with the gay community (both online and in real life), as
well as by helping them search for specific facts about HIV or
sexually transmitted infections (STIs), attempt self-diagnoses
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of symptoms they might be experiencing, find health centers
that offer HIV or STI testing and affordable care, and learn
about risk reduction techniques [37].

Perceived Barriers
In a Canadian study, 82.9% of the participants reported that
they would be likely to use an information-based website at a
difficult time in their life, but only 77% would be likely to use
social media websites for information or to seek help [52]. The
most commonly reported reason (62%-80%) for not seeking
online health information was a preference for receiving
information from a health professional, suggesting the use of
the internet as a supplementary means rather than a replacement
[48]. Only 10.9% accessed the health-related websites
recommended by experts, and 10.6% sought help from social
media for problems such as anxiety or depression [52].

Online privacy was a key issue for youth [34], with 87.7%
stressing the importance of online privacy, which was
particularly important for those with a specific health problem
such as mental health issues [48]. Looking for sexual health
information online was also closely linked to privacy issues as
many youth felt reluctant to speak with an HCP about sensitive
issues surrounding sexuality and instead use the internet to avoid
embarrassment and overcome privacy issues [47]. On the other
hand, lesbian, gay, bisexual, and transgender (LGBT) youth
identified fear as an obstacle to online sexual health behaviors
because of the perceived stigma resulting from being “caught”
[50]. Although there are different perceptions in the various
subgroups, 85% of the youths detained in a juvenile detention
facility claimed not to be concerned about the privacy of their
health information on the internet when on password-protected
sites [40].

Another strong concern among youth who use the internet was
the accuracy of the information [44]. When youth were asked
specifically about their sexual health–related internet use, 44.4%
reported that they were confused by the information they found,
25.9% were frustrated by the lack of information or an inability
to find the information needed, whereas 18.5% were
overwhelmed by the sheer amount of information available on
the internet [51]. Some of the online experiences reported by
adolescent males were not positive, with several recounting
being distressed by finding information on the internet that
either negatively portrayed homosexuality or described the
victimization of LGBT people [37]. Those with low health
literacy (28%) were more likely to rate the health information
found on the internet as usually or often accurate compared with
those with high health literacy (14%) [43]. Remarkably, study
participants considered finding local information to be more
difficult than finding general information online [49,52].

Important Features for Usability and Current Practice
Adolescents noted that they used different strategies to evaluate
factual information and user-generated opinions on social media
websites [44]. They highlighted the importance of the initial
impression of a website and whether it made a serious and
trustworthy impression on them; as they value integrity and
anonymity, they were cautious about sharing their personal
information [34]. Young people also stressed the importance

of updating websites regularly to add value by including
information such as current and recent events, facts and statistics
(eg, verifiable information), as well as improving the technical
aspects of websites by incorporating eye-catching design,
high-quality visuals, and multimedia rather than text, although
51.9% said they never or hardly ever checked when a site was
last updated or reviewed by a medical professional [51].
Furthermore, plainness (ie, clear content and layout) was another
important feature that youth preferred [34]. Culturally, sexually,
and religiously relevant health information targeted to specific
populations, such as particular ethnic groups or sexual
orientations, was preferred by minority youths and youths with
sexual orientation differences [37,41,48,50]; they also preferred
open access sites that did not require log-ins [34]. Regarding
content, study participants wanted more information related to
medications (92%), immunizations (90%), and STI test results
(80%) [40].

These findings were consistent across studies examining a
specific topical health (eg, sexual health) [49,51]. Regarding
internet use related to sexual health, adolescents wanted sexual
health education sites to be easily accessible, understandable,
and user-friendly and the resources provided to be
trustworthy-credible, confidential, and offered in a
nonthreatening way [49]. Young people also wanted more
information on specific topics and in-person resources such as
local clinic resources, as these were reported as the most
challenging for them to find [49,51].

When youth search for sexual health–related information, they
used Google, Yahoo, and Ask most often as the first search
engines [49,51], then followed sponsored links and the first
three search results; another common strategy was to check for
converging information across multiple websites [37]. Wikipedia
and “WebMD” were the source they considered as providing
the most credible sexual health information [37,49].

Conceptualization
The key concepts for health-related internet use in the studies
were eHealth literacy, health information–seeking behavior,
eHealth promotion, eHealth interventions, as well as electronic
mental health, health seeking, and electronic patient websites
(Table 1). These concepts were all based on online activities
related to information seeking and understanding or
communication activities for health issues, problems, and health
promotion. eHealth promotion and eHealth intervention provided
more nuanced definitions related to Web-based interventions
and education.

Conceptual definitions were provided in only a few studies, and
of these, only a few utilized a theoretical framework. In Tercyak
and colleagues’study [38], the frameworks used were the theory
of planned behavior and problem behavior theory, which explain
the basis of the common mechanisms of multiple behavioral
problems and provided frameworks that focused on individuals’
motivation for eHealth promotion associated with their behavior
changes. When the media influence was studied, the uses and
gratifications theory [46] was applied. This theory assumed that
users choose a particular medium as an avenue to actively
participate while being goal-directed, rather than as mere passive
recipients. This theory also considered that the medium gratifies
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psychosocial needs. Another study used grounded theory [49]
for its theory development.

Methodological Evaluation

Study Design
A summary of the methodological evaluation conducted for this
review is shown in Multimedia Appendix 3. All the studies in
the table are descriptive, with the majority being cross-sectional
studies; 26% (5/19) are correlational studies. In the studies
included in this review, 58% (11/19) used a quantitative study
design, whereas 16 % (3/19) used a qualitative study design,
and 26% (5/19) used mixed or multiple methods. For the
quantitative studies, the reported rates of use and access to the
internet among the study participants, as well as any associated
factors related to their internet use, are identified. Generally,
the qualitative and mixed-methods studies explored how youths
perceived the benefits and barriers of health-related internet
use.

Study Sample
Less than half of the studies 47% (9/19) used convenience
sampling [33,38,40,41,43,45,47,50,52]; the remaining studies
used purposive sampling strategies [34,35,44,49] and random
sampling across multiple sites [39,42,46,48], with 2 studies
using both convenience and purposive sampling [37,51]. Of the
11 quantitative studies, only 4 used random sampling techniques
[36,39,42,48]. Over half of the studies used multiple sites for
sampling (58%) or used multiple resources, for example, by
recruiting from both online and offline communities. No studies
specifically indicated a sample size justification.

Data Collection and Analysis
Online surveys (26%) were the most common data collection
technique [33,39,45,51,52]. Most of the qualitative studies used
focus groups, although a few conducted semistructured
interviews. Most studies used investigator-developed
questionnaires to assess health-related internet use. This poses
a number of potential issues related to the validity and reliability
of their questionnaires compared with existing instruments. The
most common analytic technique used was descriptive, which
includes descriptive statistics, univariate analyses (t test and
chi-square test), and multivariate analyses (linear regression,
logistic regression, and analysis of variance). None of the
quantitative studies indicated the statistical assumptions applied,
and few explained how missing data were treated. For the survey
studies, the data are self-reported, which inevitably introduces
bias. The analytic approaches used were generally appropriate
for the level of data and measurement. For the qualitative
studies, thematic analysis, content analysis, and inductive
descriptive analysis were commonly used.

Discussion

Summary of Findings and Comparison With Previous
Work
This review of the most recent research in this area has deepened
our understanding of how young people seek information from
the internet and its related support systems for their health care.
Adolescents spend a great deal of time on the internet, with the

majority spending more than 2 hours every day. Although there
are some inconsistencies regarding the amount of time and
frequency of health-related use, depending on the population
and disease concerned, most young people have used the internet
for health-related purposes, and it represents their most frequent
source of information.

Overall, youth are positive about using the internet to search
for health-related information. As their most frequently used
information source, the internet is commonly used for
health-related information by both healthy and nonhealthy youth.
Among healthy adolescents, this information includes sensitive
topics such as sexual health and violence, as well as less
sensitive topics such as exercise and nutrition. For those who
have been diagnosed with a medical condition, the topics
searched also include finding treatment options, seeking support,
and networking with fellow sufferers, which is consistent with
other populations [58]. Although we found a great deal of
evidence to suggest that those with specific diseases use the
internet to find friends [34], this may actually be related to the
unique characteristics of youth who are comfortable meeting
people online. Moreover, young people tend to prefer using
support groups rather than attending in-person meetings and
are not particularly bound to people with similar diagnoses.
These characteristics are likely to be at least partly because of
the perceived benefits of internet use, as many adolescents
consider the internet to be a safe space where they can share
sensitive information. Young people are interested in finding
information from reliable sources such as HCPs or experts, as
well as user-generated information from their peers who may
have experienced the same issue. Members of this generation
believe that it is helpful to learn diverse views on health topics
[34].

Despite their high level of health-related internet use, several
perceived challenges have been reported. To ensure useful
Web-based health interventions or sites available for youth,
credible resources and privacy are vital for successful outcomes.
Young people generally evaluate a site’s credibility based upon
its appearance, frequent citation, and the website’s domain name
such as .com, .gov, or .org, but often there is no easy way to
tell [49,51]. For example, privacy and confidentiality on an SNS
may indicate a lack of online help or support services in mental
health [52]. Additionally, researchers have found that some
adolescents have experienced difficulties when searching for
specific information such as local resources, despite their
competency in finding general information. User-friendly
features such as sites that do not require visitors to log in are
suggested as another important element that enhances usability.
It is also important for sites to have good readability and be
well organized. Finding the most recently updated sites or
checking a website’s creators are less common practices among
teenagers and represent an area where education may be helpful.
There is a general perception that there is a lack of useful,
reliable resources for the specific information they need, such
as particular disease-related information or health care topics
for adolescents. Sites that can provide reliable information for
youths need to be developed.

There are important findings related to the characteristics of
various subgroups for health-related internet use. Youths whose
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parents or older relatives are not eHealth literate, have no
internet access, have low health literacy, and need interpreters
have a particularly high usage of the internet and are very likely
to seek health information online for their family. Interestingly,
young people who are in juvenile detention facilities worry less
about privacy issues and are more willing to share information
on the internet, whereas the opposite is true for MSM youths,
who fear stigmatization if someone finds out their search history.
There are different patterns of health-related internet use
depending on age, with older youth becoming more frequent
users of the internet to seek information on their health. Young
people who have previously taken courses or received education
on internet use designed to enhance their eHealth literacy level,
for example, become more competent in their health-related
internet use, especially when evaluating websites, suggests the
need for more extensive health literacy education [53]. No
gender differences were reported for health-related internet use,
except for one study that indicated girls tend to be more frequent
internet users than boys for issues related to pain management.
In-school education also supported youth competency for
health-related internet use. Youths who have a high risk of
engaging in risky behaviors tend to use the internet more often
than youths with lower risk for health-related internet use, which
indicates a serious need for high quality content designed
specifically for preventing behavioral issues to be developed.
However, the most significant gap in the research in this area
is that there were no studies of children younger than 10 years.
This exclusion is source for further research.

Limitations of This Review
Although this study followed evidence-based guidelines and
adopted a systematic approach, chances of human error in
coding are inevitable. We used a wide range of different search
terms to identify relevant papers, including “health-related
internet use,” “eHealth,” “internet use for health-related
purpose,” “Web-based resource,” “health information seeking,”
and “online resource,” combined with “child,” “adolescent,”
“student,” “youth,” and “teen” in the databases searched;
however, our choice of keywords may have resulted in missing
relevant research studies eligible for inclusion. Although we
used search engines most commonly used in the field of health,
namely PubMed, CINAHL, and PsycINFO, this data-based
selection many have created potential errors or missed relevant
studies that should have been included. Furthermore, there is
some potential for subjectivity in analyzing the findings,
although 2 different coders carefully reviewed and coded each
study independently and then discussed the results while
double-checking each process. When the authors coded the
methodological approaches used in each study, we tried not to
assume a specific approach unless it was specifically stated in
the study. For example, where no specific approach used for
sampling is stated in the study, we coded these as using
convenience sampling. This may have led to some potential
errors regarding what the various authors actually did in their
studies. Furthermore, the measures used in each study varied,
and the study samples were heterogeneous, so we were unable
to directly compare the outcomes for health-related internet use
across all the studies examined for this review. Thus, we were

not able to compare the findings based on regional differences
among the samples, for example.

Implications
Although this is an emerging field of study, there have been no
previous studies systematically reviewing existing research
exploring the health-related internet use of teenagers and young
adults. As increasing number of internet-based interventions
are being developed and applied specifically to address the
needs of young people, it is important to understand the
characteristics of health-related internet use among youth.
Although the internet is both easily accessible and widely
accepted by adolescents, the so-called “digital natives,” we have
only a limited understanding of the patterns and characteristics
of youth health-related internet use. This study therefore
provides an important overview of the research findings to date
related to patterns of youth health-related internet use. Although
young people are generally frequent users of the internet for
their health care and are positive about the practice, there
remains a great need for education to support their competent
and appropriate use of the internet. Additionally, there is a need
for more reliable Web-based sources to be developed for this
population. This study’s findings include a consideration of the
associated factors for health-related internet use that have an
effect on adolescents’ general health behaviors. A major gap
identified in the review was the lack of a conceptual definition
of the term “health-related internet use.” Furthermore, the
majority of the studies published to date have not been based
on a specific theoretical framework. In addition, this review
identifies several limitations of the identified studies regarding
methodological issues and provides suggestions for the further
rigorous research required to design efficient and effective
interventions for this hard-to-reach population. HCPs and policy
makers should consider how best to integrate these needs into
their current practices and policies.

Recommendations for Future Research
Future research in this area needs to address several major gaps
in the research, strengthen research methods, and contribute to
appropriate theory development, as well as refining and
conceptualizing eHealth practice and health-related internet use.
The characteristics of various subpopulations need to be
identified and compared with the characteristics of young people
in general in this respect. In particular, internet use by younger
adolescents and children who are younger than 10 years has not
yet been studied. A closer examination of this younger
demographic will give us a more accurate understanding of
when children are first exposed to the internet and at what point
its influence becomes seriously important. In this way, we will
be able to identify appropriate “teachable moments” and the
critical age at which to teach young people the skills they will
need to become eHealth literate. Past studies have tended to
focus primarily on cross-sectional studies, and it would be
worthwhile to explore the longitudinal outcomes of
health-related internet use. In future research in this area, studies
with high-level analyses and rigorous research methods need
to be conducted. For example, this review identified several
studies that revealed important associated factors, and although
most of the existing studies used convenience sampling, it is
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important for future research to utilize randomized sampling to
yield more generalizable results that are applicable to wider
populations. Multivariate analyses of the factors identified in
the studies reviewed here will also yield valuable information,
and standard measures for health-related internet use need to
be developed that are based on a clear conceptual understanding
and theoretical foundation. Furthermore, nearly all the selected
studies suffered from limitations when representing the diverse
populations of adolescents, including their gender, race and
ethnicity, socioeconomic status, and regional status, although
minority populations made up over half of the study participants
overall.

Implications for Health Promotion Practice
As youth are using the Web more frequently than ever before
and will continue to, it is important to develop a better
understanding of how they actually use the internet for
health-related support and information. On the basis of in-depth
understanding of youth practice, it is vital to provide health
education that provides eHealth literacy skills for this
population. Studies showed that youth who learned about
Medline Plus are more likely higher users of the internet and
more confident of using internet-based sources.

First, it is important to evaluate various online health
information-seeking skills currently being taught to adolescent
in schools and examine how best to help them develop the skills
they will need to obtain, comprehend, and process health
information, as well as online health care system information
[43]. In health education for adolescents, it is necessary to
include the internet as a basic component, given that so many
already use the internet for their health-related needs or will do
so in the near future. Studies indicate that those with low health
literacy were more likely to rate the internet as usually or often

accurate than those with high health literacy (28% low vs 14%
high). As those with low health literacy were also more likely
to use the internet daily, it is particularly important to support
youth health literacy levels.

Health disparities exist, and the internet may even contribute
to these, so it is important to allocate resources to the population
most in need of this type of assistance, taking into account the
differences identified between groups with different ethnicities
reported in the research reviewed here. Internet access is one
of the major factors for health-related internet use and eHealth
literacy (urban vs rural). It is important to develop health
education programs that focus on boosting eHealth literacy [43].

There is a great deal of room for improvement in the existing
Web-based programs for teenagers and young adults. Many of
the participants in the studies reviewed indicated a desire for
more Web-based resources for health that are not subject to the
limitations of existing websites. For example, a greater emphasis
should be placed on developing an awareness of cultural values
related to culturally and religiously sensitive health-related
topics that may be more relevant to certain genders and youth
populations, including taking into account the need to protect
their privacy from parental monitoring by masking the nature
of their health information-seeking [41,48], which would greatly
enhance usability. Furthermore, as sensitive topics such as
sexual information or mental health issues are often information
that young people seek on the internet, it is important to provide
reputable sources that will be accepted by the target population;
more diverse content that is specifically tailored to the needs
and characteristics of young people also needs to be developed.
For example, people in this age group are particularly vulnerable
for risky behaviors, and although they are interested in knowing
more about prevention, there is a lack of good resources
available to them.
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Abstract

Background: Osteoarthritis of the knee is the most common cause for disability and limited mobility in the elderly, with
considerable individual suffering and high direct and indirect disease-related costs. Nonsurgical interventions such as exercise,
enhanced physical activity, and self-management have shown beneficial effects for pain reduction, physical function, and quality
of life (QoL), but access to these treatments may be limited. Therefore, home therapy is strongly recommended. However,
adherence to these programs is low. Patients report lack of motivation, feedback, and personal interaction as the main barriers to
home therapy adherence. To overcome these barriers, electronic health (eHealth) is seen as a promising opportunity. Although
beneficial effects have been shown in the literature for other chronic diseases such as chronic pain, cardiovascular disease, and
diabetes, a systematic literature review on the efficacy of eHealth interventions for patients with osteoarthritis of knee is missing
so far.

Objective: The aim of this study was to compare the efficacy of eHealth-supported home exercise interventions with no or
other interventions regarding pain, physical function, and health-related QoL in patients with osteoarthritis of the knee.

Methods: MEDLINE, CENTRAL, CINAHL, and PEDro were systematically searched using the keywords osteoarthritis knee,
eHealth, and exercise. An inverse variance random-effects meta-analysis was carried out pooling standardized mean differences
(SMDs) of individual studies. The Cochrane tool was used to assess risk of bias in individual studies, and the quality of evidence
across studies was evaluated following the Grading of Recommendations, Assessment, Development, and Evaluation approach.

Results: The literature search yielded a total of 648 results. After screening of titles, abstracts, and full-texts, seven randomized
controlled trials were included. Pooling the data of individual studies demonstrated beneficial short-term (pain SMD=−0.31, 95%
CI −0.58 to −0.04, low quality; QoL SMD=0.24, 95% CI 0.05-0.43, moderate quality) and long-term effects (pain −0.30, 95%
CI −0.07 to −0.53, moderate quality; physical function 0.41, 95% CI 0.17-0.64, high quality; and QoL SMD=0.27, 95% CI
0.06-0.47, high quality).

Conclusions: eHealth-supported exercise interventions resulted in less pain, improved physical function, and health-related
QoL compared with no or other interventions; however, these improvements were small (SMD<0.5) and may not make a meaningful
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difference for individual patients. Low adherence is seen as one limiting factor of eHealth interventions. Future research should
focus on participatory development of eHealth technology integrating evidence-based principles of exercise science and ways of
increasing patient motivation and adherence.

(J Med Internet Res 2018;20(4):e152)   doi:10.2196/jmir.9465

KEYWORDS

osteoarthritis, knee; telemedicine; exercise; treatment outcome; review; meta-analysis

Introduction

As a consequence of demographic, epidemiological, and social
changes, the need for chronic care increases while health care
capacities decrease [1]. This requires a change in how care is
delivered [2]. As a shift from hospital care to home care is
observed, self-management plays an increasingly important role
to manage or improve the health of patients [3]. At the same
time, home care and home therapy need to be well coordinated
and consistent with quality standards [1].

Epidemiology and Consequences of Osteoarthritis of
the Knee
Osteoarthritis of the knee (OAK) is an example of a chronic
disease, where self-management and home therapy are an
important part of health care. Following low back pain and neck
pain, osteoarthritis (OA) in general is the third most common
musculoskeletal disease worldwide [4]; global prevalence of
OAK for persons older than 60 years is estimated at 33.6% for
women and 24.3% for men [5]. Affected individuals and their
families have to adapt to the disease, loss of mobility, and
diminished quality of life (QoL), which are the main contributors
to personal suffering. Pain, joint stiffness, instability, and
decreased physical function are the major drivers for OA-related
activity decline and disability [6]. As a consequence, patients
with OA are at a higher risk of obesity, cardiovascular disease,
and death compared with the general population [7].

Exercise for Osteoarthritis of the Knee
As mechanical factors are the main drivers for the pathogenesis
of OAK, a positive response to exercise interventions and
increased physical activity (PA) can be expected. A recent
systematic review has shown short-term clinical meaningful
improvements of pain and physical function following exercise
interventions [8]. However, access to facilities offering such
therapies is restricted because of the patients’ mobility
limitations, transport problems, and time constraints, especially
in rural areas. Furthermore, the increase of chronic disease puts
further strain on limited health care resources accelerating the
shift toward home-based interventions and self-management.

Home exercise interventions include targeted physical activities
aiming to improve muscle strength, joint range of motion,
proprioception, and aerobic capacity; of these lower limb
strengthening and isolated quadriceps training seem to have the
largest effect on pain and physical function [8]. High intensity
training results in greater beneficial effects on pain and physical
function, eg, strength increase of knee extensors should be at
least 30% to 40% to have a beneficial effect [9]. To achieve
such a magnitude, physiologic principles of load progression
need to be considered. The positive effects of increased muscle

strength may be because of the positive influence on
biomechanics, decreasing joint load, and focal stress on the
articular cartilage [8].

Physical deconditioning and risk of obesity are closely
associated with OAK [7]. Aerobic exercises may counteract
these factors by leading to better overall fitness and supporting
weight loss. Aerobic exercise leads to an increased peak oxygen
uptake, which is inversely related to morbidity and mortality
and reduces effort for submaximal daily tasks [8].

In patients with OAK, malalignment and altered kinematics
may cause unequal distribution of load within the joint, which
is seen as one driver for onset and progression of OAK [10].
Proprioceptive training such as stepping, standing, walking,
balancing, and training of joint position sense may improve
proprioceptive capacity and joint function [11].

Electronic Health Interventions
Adherence to home exercise programs is however low [12], and
it seems difficult to achieve effective training intensity without
adequate support and motivation. Electronic health (eHealth)
technology is seen as a promising possibility to overcome these
limitations [13]. eHealth-supported, home-based interventions
can prevent and rehabilitate or treat many chronic conditions
by providing patient education, instructions for
self-management, motivation, monitoring, feedback, and
enabling communication [13]. These features may enhance
patient motivation and promote adherence to home exercise
interventions. One example for such an eHealth intervention is
the Internet-based program “join2move” [14] that includes
education, exercise instruction, goal setting, time contingent
exercise increase, and positive reinforcement via electronic
reminders.

Although more than 43,000 health-related apps are available in
the US Apple Store alone [15], the evidence base for efficacy
and efficiency of many existing eHealth-assisted interventions
is not sufficient. The aim of this systematic review was therefore
to investigate the efficacy of eHealth-supported home-exercise
interventions in the treatment of patients with OAK.

Methods

Protocol and Registration
Methods of literature search and data analysis were specified
in advance and documented in a protocol. The protocol was
registered under CRD42017072079 (PROSPERO CRD register).
This systematic review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses recommendations [16].

J Med Internet Res 2018 | vol. 20 | iss. 4 |e152 | p.21http://www.jmir.org/2018/4/e152/
(page number not for citation purposes)

Schäfer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/jmir.9465
http://www.w3.org/Style/XSL
http://www.renderx.com/


Eligibility Criteria
Randomized controlled trials (RCTs) and controlled clinical
trials (CCTs) investigating eHealth-supported home exercise
interventions compared with no treatment or other treatments
for patients with symptomatic unilateral or bilateral OAK were
included. Diagnosis of OAK was based on self-report,
radiography, clinical signs, or physician diagnosis. All other
forms of arthritis were excluded. Studies with all types of
eHealth-supported exercise interventions were included.
Outcomes considered in this review were pain, function, and
QoL. Studies had to be published English or German. Date
limitations were not used.

Information Sources
The following databases were searched in July 2017:
CENTRAL, MEDLINE via PubMed, CINAHL, PEDro, and
journal websites. Additionally, reference lists of included studies
were hand-searched. Date last searched was July 27, 2017.

Search Strategy
Databases were searched with the keywords Knee Osteoarthritis,
Exercise AND eHealth, and RCT OR CCT and their related
Medical Subject Heading and synonyms.

The terms animal OR animals and arthroplast* were used to
build an exclusion filter.

The boolean operators “OR,” “AND,” and “NOT” were used
to build the search strategy. Detailed search strategies for
electronic databases are presented in Multimedia Appendix 1.

Study Selection
Title, keywords, abstracts, and full-texts were assessed to
establish whether the study met the prespecified eligibility
criteria relating to population, intervention, and study design.
A checklist was used to assess eligibility criteria. Eligibility
was assessed independently by two review authors (AS and
CZ), and disagreements were resolved by consensus. For each
selected study, the full text was retrieved for final assessment.

Data Collection Process
Data were extracted for study design, participant characteristics,
intervention, control, types of outcome measures, follow-up,
outcomes, and funding using a standardized form. One author
(AS) extracted the data; this was checked by a second author
(CZ). Disagreements were resolved by discussion. For each
outcome, means, SDs, 95% CI, and P values were collected for
each point of measurement. When necessary, SDs were
calculated using available data (eg, CI) or information presented
in graphical format.

Data Items
Data were retrieved for the following variables: study type;
patient characteristics such as age, sex, and diagnosis; type of
diagnosis (self-report, radiography, signs, and symptoms); the
intervention (type of exercise intervention and eHealth
technology, frequency and duration of sessions, and duration
of therapy); the control intervention (type of intervention,
frequency and duration of sessions, and duration of therapy);

outcomes (construct, measurement instrument, length of
follow-up, and points of measurement); and funding sources.

Risk of Bias in Individual Studies
The Cochrane risk of bias assessment method was used to rate
the risk of bias in individual studies [17]. Two authors (AS and
HvP) independently assessed the risk of bias of the included
studies, and disagreements were resolved by consensus. The
following bias sources were assessed: random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, selective outcome reporting, and other bias (such as
recruitment bias in cluster RCTs or unbalanced groups).

Review Manager 5.3.5 (The Nordic Cochrane Centre) was used
to generate a risk of bias figure.

Summary Measures
For continuous data, standard mean differences (SMDs) and
95% CIs were calculated from means and SDs using the
following formula: SMD=mean difference/pooled SD.

Calculations were conducted with Review Manager 5.3.5
software (The Nordic Cochrane Centre). Not reported SDs were
calculated with the calculator tool of Review Manager. SMDs
of 0.2, 0.5, and 0.8 were rated as small, moderate, and large,
respectively [18].

According to the guidelines for summary of findings tables [19],
SMDs were translated in absolute mean differences by
multiplying SMDs with a control group baseline SD extracted
from one representative study and dividing it by the maximum
points achievable on this measurement scale. A study was
judged as representative when it represented the target
population to a high degree and had a large weight within the
meta-analysis. Relative differences were calculated dividing
the absolute benefit by the representative control group baseline
mean.

Synthesis of Results
Data from multiple studies were pooled in a meta-analysis using

a random-effects model. I2 statistic was used to assess statistical
heterogeneity across pooled studies. Values of 25%, 50%, or
75% were considered as low, moderate, or high level of
heterogeneity, respectively [20].

Risk of Bias Across Studies
The Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach was used to evaluate the
quality of evidence across studies for each outcome using the
following predefined criteria [21]:

1. Inconsistency (downgraded if I2≥50%)
2. Indirectness (downgraded if clinically heterogeneous)
3. Imprecision: downgraded if the pooled sample size was

below the calculated sample size of an adequately powered
single trial (optimal information size) [22] for each outcome.
The minimal clinical important change (MCIC) is
considered as delta in the power calculation. The following
values are considered as MCIC for patients with OAK: pain
(visual analog scale, VAS or numerical rating scale, NRS),
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physical function 20% improvement [23], and QoL (36-item
short form survey) 12% improvement from baseline [24].
Furthermore, Guyatt et al [22] suggest downgrading for
sample sizes < 400 (200 per group) or if the CI overlaps no
effect but includes an important improvement.

4. Risk of bias: downgrading should be considered when a
“substantial risk of bias across most of the body of
evidence” is suspected [25].

Quality was rated as high, moderate, low, or very low according
to the GRADE criteria [21]. The GradePro online app [26] was
used to generate GRADE evidence profiles and a summary of
findings tables. Quality of evidence across studies was evaluated
by one author (AS) and checked by a second author (HvP).
Disagreements were resolved by consensus.

Additional Analyses
Subgroup analysis (not prespecified) was conducted for different
eHealth modes of delivery (mobile apps vs telephone).

Results

Study Selection
The literature search yielded a total of 635 records. The process
of study selection is presented in Figure 1. After removing
duplicates and screening of titles and abstracts, 19 full-text

articles were retrieved and assessed for eligibility. Of these, 12
were excluded because of inappropriate study design,
intervention, population, or outcomes.

Seven articles [14,27-32] were included, and results were pooled
in a meta-analysis. One study was published twice, with
outcomes pain and function reported in one article [28] and QoL
in the other [29].

Study Characteristics
The characteristics of included studies are presented in
Multimedia Appendix 2. All studies were two-group RCTs. A
total of 742 participants were randomized in intervention
(n=376) or control (n=366) groups. Sample sizes in individual
studies ranged from 34 to 211 participants. Sixty-four percent
of the participants were female (473/742). Four studies included
participants with unilateral or bilateral OAK [27-30,32]; one
study included a mixed group with knee OA (67%), hip OA
(21%), or both (12%) [14]; and one study included participants
with chronic knee pain [31].

Interventions included exercises supported by mHealth
(Internet-based programs or mobile apps) [14,27,31] and
telephone-supported exercises [28-30,32]. Exercise interventions
most commonly included strengthening exercises [28,29,31,32],
walking [14,27-29], or PA reinforcement [14,27,30-32].

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. OAK: osteoarthritis of the knee.
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Figure 2. Risk of bias summary.

The eHealth component included education on topics such as
exercise, healthy diet, pain management, and self-management.
A counseling component, typically consisting of reminders,
encouragement, and discussion of experienced barriers in
varying proportions was also present. Modes of delivery
included telephone calls [28-30,32], mobile apps [27], and
Internet-based programs [14,31].

All studies reported pain and physical function as primary or
secondary outcome measure. The most common measures of
pain were the VAS or NRS used in certain studies
[14,28,29,31,32], the pain subscales of the Western Ontario and
MacMaster Universities Osteoarthritis Index (WOMAC) [33]
used in one study [31], and the Knee injury and OA Outcome
Score (KOOS) [34] used in another study [30]. Physical function
was measured with the WOMAC in [14,31], the KOOS in
[14,30], and the Ibadan Knee/Hip Osteoarthritis Outcome
Measure in [28]. Health-related QoL was assessed with the
Assessment of Quality of Life-Version 2 [35] used in [31,32],
the KOOS in [14], and the WHO Quality of Life Assessment
[36] was used in [29]. Other outcome measurements identified
included global change, amount of PA, or steps walked.

Short-term follow-up time points of measurements included 1
month [30], 6 weeks [28,29], 3 months [14,27,31], and 6 months
[32]. Long-term follow-up ranged from 9 months [32] to 12
months [14,32]. One study reported long-term outcomes at 18
months [32].

Risk of Bias Within Studies
Risk of bias within studies was assessed using seven criteria
recommended by the Cochrane Collaboration [17] (Figure 2).
None of the studies reported blinding of participants, therapists,
or outcome assessors. In 2 of the studies [14,30], randomization
was performed, but the method of random sequence generation
was not specified. Therefore, risk of selection bias was classified
as unclear for these two studies. In 2 studies [28-30], allocation
concealment was not reported. Attrition, reporting, or other bias
was not detected in any of the included studies.

Synthesis of Results
Pooled effect estimates including CIs are presented in this
section for the outcomes pain, physical function, and
health-related QoL. Calculations for absolute reduction or
improvement in percentage were based on the control group
baseline means (SD) from Bennell et al [32]: pain 58 (15),
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physical function 45 (15), and QoL 70 (10). Quality of evidence
across studies was evaluated for each outcome using the
GRADE approach [21]. A summary of findings table is
presented in Multimedia Appendix 3.

Pain Short Term
All 6 studies (n=742 participants) reported data for the outcome
pain intensity short term (1-6 months follow-up; Figure 3).
Pooled results indicate significant benefit for eHealth-supported
exercise intervention (SMD=−0.31; 95% CI −0.58 to −0.04).
The effect size was small according to Cohen [18] and equals
a reduction of five points (95% CI 1-9) on a 0 to 100 points

pain scale (0=no pain). Heterogeneity was high with I2=67%.
The quality of evidence for this outcome was low.

Pain Long Term
Three studies (n=416 participants) provided information for the
outcome pain intensity long term (9-12 months follow-up;
Figure 4). Pooled effect estimates showed a significant but small
beneficial effect for eHealth-supported exercise (SMD=−0.30;
95% CI −0.53 to −0.07). This translates in a reduction of five
points (95% CI 1-8) on a 0 to 100 points pain scale (0=no pain).

Heterogeneity was low with I2=29%. The quality of evidence
for this outcome was moderate.

Physical Function Short Term
Four studies (n=479 participants) provided data for the outcome
physical function short-term (1-6 months follow-up; Figure 5).

Pooling of results from individual studies showed a
nonsignificant, small beneficial effect (SMD=−0.30; 95% CI
−0.76 to 0.17). This equals an improvement of four points (95%
CI −3 to 11) on a 0 to 100 points physical function scale
(100=full function). Heterogeneity was high with 83%. The
quality of evidence for this outcome was low.

Physical Function Long Term
Data for the outcome physical function long term (9-12 months
follow-up) were extracted from 3 studies (n=416 participants).
Pooling the results of individual studies showed a small,
significant beneficial effect favoring the intervention group
(SMD=0.41; 95% CI 0.17-0.64; Figure 6). This equals an
improvement of six points (95% CI 3-10) on a 0 to 100 points
scale (higher scores indicate better function). Heterogeneity

was moderate with I2=33%. The quality of evidence for this
outcome was high.

Quality of Life Short Term
Four studies (n=496 participants) provided information for the
outcome QoL short term (3-6 months follow-up). Pooling results
of individual studies showed a small, significant beneficial effect
favoring the intervention (SMD=0.24; 95% CI 0.05-0.43; Figure
7). This translates in an improvement of three points (95% CI
1-4) on a 0 to 100 points scale (higher scores=better QoL).

Heterogeneity was low with I2=10%. The quality of evidence
for this outcome was moderate.

Figure 3. Forest plot outcome pain short-term.
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Figure 4. Forest plot outcome pain long-term.

Figure 5. Forest plot outcome function short-term.

Figure 6. Forest plot outcome function long-term.
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Quality of Life Long Term
Three studies (n=415 participants) provided data for the outcome
QoL long term (9-12 months follow-up; Figure 8). Pooling
results from individual studies yielded a small, significant
beneficial effect favoring the intervention group (SMD=0.27;
95% CI 0.06-0.47). This corresponds to an improvement of

three points (95% CI 1-4). Heterogeneity was low with I2=12%.
The quality of evidence for this outcome was high.

Quality of Evidence Across Studies
For each outcome, quality of evidence was assessed using the
GRADE approach [21] (Tables 1 and 2). Quality of evidence
for short-term outcomes were low for pain and physical function
and moderate for QoL. Reasons for downgrading one level were
risk of bias because of lack of blinding of therapists, patients,
and outcome assessors for all short-term outcomes. Outcomes
pain and physical function were further downgraded one level

because of inconsistency (I2 >50%). Quality of evidence for
long-term outcomes was rated moderate for pain and high for
physical function and QoL. The outcome pain long term was
downgraded one level because of lack of blinding of therapists,
patients, and outcome assessors.

Additional Analysis
A sensitivity analysis was conducted to assess the impact of
treatment duration on heterogeneity. This was done excluding
the 2 studies with the shortest intervention duration [28-30].
However, this did not substantially change the amount of

observed heterogeneity between groups (pain short term: I2

from 67%-63%; physical function short term: 83%-79%; QoL
short term: 10%-0%).

Subgroup analyses were performed to investigate whether
studies with different treatment delivery modes and treatment
contents differed in regards to their effect size (Table 3). Studies
were classified into two groups: the first group consisted of
studies where treatment was delivered via mHealth technology
(mobile apps), the second consisted of studies where treatment
was delivered via telephone. A significant difference was found
between mHealth (SMD=−0.55) and telephone (SMD=−0.04)
supported exercise studies in pooled effect estimates for the

outcome pain short-term (χ2=7.2 P=.007). A substantial, but
not significant difference was noted for the outcome physical
function short-term between mHealth (SMD=−0.66) and
telephone (SMD=0.13) supported exercise studies in pooled

effect estimates for outcome pain short-term (χ2=3.4 P=.06).

Figure 7. Forest plot outcome quality of life short-term.
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Figure 8. Forest plot outcome quality of life long-term.

Table 1. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) evidence profile. QoL: quality of life. RCT: randomized
controlled trial.

Quality assessmentOutcome

Other considerationsImprecisionIndirectnessInconsistencyRisk of biasStudy designNumber of
studies

NoneNot seriousNot seriousSeriousbSeriousaRCT6Pain short term (follow-up: range
1 month to 6 months; assessed
with self-report questionnaire 0-
100 (higher numbers=more pain)

NoneNot seriousNot seriousNot seriousSeriousa,cRCT3Pain long term (follow-up: range
9 months to 12 months; assessed
with self-report questionnaire 0-
100 (higher numbers=more pain)

NoneNot seriousNot seriousSeriousbSeriousa,cRCT4Physical function short term (fol-
low-up: range 1 month to 6
months; assessed with self-report
questionnaire 0-100; higher num-
bers=better function)

NoneNot seriousNot seriousNot seriousNot seriousRCT3Physical function long term (fol-
low-up: range 9 months to 12
months; assessed with self-report
questionnaire 0-100; higher num-
bers=better function)

NoneNot seriousNot seriousNot seriousSeriousaRCT4QoL short term (follow-up: range
3 months to 6 months; assessed
with self-report questionnaire 0-
100; higher numbers=better QoL)

NoneNot seriousNot seriousNot seriousNot seriousRCT3QoL long term (follow-up: range
9 months to 12 months; assessed
with self-report questionnaire 0-
100; higher numbers=better QoL)

aSerious risk of bias across studies because of missing blinding of therapists, patients, and outcome assessors.
bHeterogeneity was high with I2 >50%.
cRandomization or allocation procedure unclear for some studies.
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Table 2. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) summary of findings. QoL: quality of life. SMD:
standardized mean difference.

ImportanceQualityEffectNumber of patientsOutcome

Absolute
(95% CI)

Relative
(95% CI)

No or other interventionElectronic health–supported
exercise

Important++oo LowSMD 0.31
SD lower
(0.04 lower
to 0.58 low-
er)

–a361367Pain short term (follow-up:
range 1 month to 6 months;
assessed with self-report
questionnaire 0-100 (higher
numbers=more pain)

Critical+++o ModerateSMD 0.3 SD
lower (0.07
lower to 0.53
lower)

–204212Pain long term (follow-up:
range 9 months to 12
months; assessed with self-
report questionnaire 0-100
(higher numbers=more pain)

Important++oo LowSMD 0.3 SD
higher (0.17
lower to 0.76
higher)

–236243Physical function short term
(follow-up: range 1 months
to 6 months; assessed with
self-report questionnaire 0-
100; higher numbers=better
function)

Critical++++ HighSMD 0.41
SD higher
(0.17 higher
to 0.64 high-
er)

–205211Physical function long term
(follow-up: range 9 months
to 12 months; assessed with
self-report questionnaire 0-
100; higher numbers=better
function)

Important+++o ModerateSMD 0.24
SD higher
(0.05 higher
to 0.43 high-
er)

–219227QoL short term (follow-up:
range 3 months to 6 months;
assessed with self-report
questionnaire 0-100; higher
numbers=better QoL)

Critical++++ HighSMD 0.27
SD higher
(0.06 higher
to 0.47 high-
er)

–204211QoL long term (follow-up:
range 9 months to 12
months; assessed with self-
report questionnaire 0-100;
higher numbers=better QoL)

aIndicates "not applicable".
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Table 3. Data and analysis.

Effect estimateStatistical methodParticipantsStudiesOutcome

−0.31 (−0.58 to −0.04)SMDa (IV, Random, 95% CI)74261.1 Pain short term

−0.55 (−0.81 to −0.28)SMD (IV, Random, 95% CI)51631.1.1 mobile health (mHealth)

−0.04 (−0.30 to 0.22)SMD (IV, Random, 95% CI)22631.1.2 Telephone

−0.30 (−0.53 to −0.07)SMD (IV, Random, 95% CI)41631.2 Pain long term

−0.34 (−0.72 to 0.03)SMD (IV, Random, 95% CI)28021.2.1 mHealth

−0.22 (−0.56 to 0.11)SMD (IV, Random, 95% CI)13611.2.2 Telephone

−0.30 (−0.17 to 0.76)SMD (IV, Random, 95% CI)47941.3 Physical function short term

0.66 (0.18 to 1.13)SMD (IV, Random, 95% CI)30321.3.1 mHealth

—0.13 (−0.81 to 0.55)SMD (IV, Random, 95% CI)17621.3.2 Telephone

0.41 (0.17 to 0.64)SMD (IV, Random, 95% CI)41631.4 Physical function long term

0.46 (0.08 to 0.84)SMD (IV, Random, 95% CI)28021.4.1 mHealth

0.31 (−0.03 to 0.65)SMD (IV, Random, 95% CI)13611.4.2 Telephone

0.24 (0.05 to 0.43)SMD (IV, Random, 95% CI)49641.5 Quality of Life short term

0.27 (0.04 to 0.49)SMD (IV, Random, 95% CI)30421.5.1 mHealth

0.13 (−0.35 to 0.61)SMD (IV, Random, 95% CI)19221.5.2 Telephone

0.27 (0.06 to 0.47)SMD (IV, Fixed, 95% CI)41531.6 Quality of Life long term

0.24 (−0.10 to 0.57)SMD (IV, Random, 95% CI)27921.6.1 mHealth

0.33 (0.00 to 0.67)SMD (IV, Random, 95% CI)13611.6.2 Telephone

Discussion

Principal Findings
This systematic review included six RCTs with a total of 742
participants. Pooling the results of 6 studies demonstrated that
eHealth-supported exercise interventions resulted in improved
pain (SMD=−0.31, 95% CI −0.58 to −0.04) and pooled results
from 4 studies (n=446 participants) indicated improvement of
health-related QoL (SMD=0.24, 95% CI 0.05-0.43) immediately
post intervention. These treatment effects would be considered
small and translate into an absolute mean improvement of 5%
(95% CI 1%-9%) for pain and 3% (95% CI 1%-4%) for
health-related QoL. Improvement in pain was comparable with
other interventions such as nonsteroidal antiinflammatory drugs
(SMD=−0.29, 95% CI −0.35 to −0.22) or strengthening
(SMD=−0.32, 95% CI −0.42 to −0.23) and were superior to
aquatherapy (SMD=−0.19, 95% CI −0.35 to −0.04) [37].
Fransen et al [8] demonstrated that land-based exercise resulted
in higher effect sizes of −0.49 (95% CI −0.59 to −0.39) for pain
and 0.52 (95% CI 0.39 - 0.64) for physical function. Results for
QoL were comparable with SMD 0.28 (95% CI 0.15-0.40).

One recent meta-analysis [38] compared exercise-based
telemedicine with no intervention in patients with chronic pain
and found significant mean reduction in pain (mean
difference=−0.57 on a 10-point scale; 95% CI −0.81 to −0.34),
which corresponds to an SMD of 0.22. Improvement in physical
function (SMD=−0.20, 95% CI −0.29 to −0.12) post intervention
favored the intervention group. When comparing exercise-based
telemedicine with usual care or exercise-based telemedicine in
addition to usual care, no significant differences were observed.

These effects are smaller compared with the results identified
in this review. A mixed population of chronic pain patients may
respond differently to eHealth-supported exercise compared
with patients with OAK. One main difference is that patients
with OAK have an identifiable specific structural pathology,
whereas patients with chronic pain are heterogeneous in regards
to pathology and contributing factors and possibly respond to
a lesser extent to exercise therapy.

One important finding of this meta-analysis was that the pooled
long-term outcomes from 3 studies (n=416) showed that
eHealth-supported exercise resulted in reduced pain
(SMD=−0.30, 95% CI −0.53 to −0.07), improved physical
function (SMD=0.41, 95% CI 0.17 - 0.64), and QoL
(SMD=0.26, 95% CI 0.06 - 0.47) [27-29]. These treatment
effects would be considered small and translate into absolute
mean improvement of 5% (95% CI 1%-8%) for pain, 6% (95%
CI 6%-10%) for physical function, and 3% (95% CI 1%-4%)
for QoL. These findings indicate that the effects of
eHealth-supported exercise are sustainable over a 9 to 12 months
period.

Although observed improvements for most long- and short-term
outcomes were statistically significant in this systematic review,
they may not make a relevant difference for individual patients.
Minimal clinical important changes from baseline are 20% for
pain (VAS or NRS) and physical function [23] and 12% for
QoL [24]. These are substantially higher than absolute changes
found in this meta-analysis.

Additionally, it is important to note that 2 of the 6 studies used
a waiting list control group [14,30] and another 2 studies used
an education control group [27,31]. It may be possible that the
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choice of the control group may have inflated the effect size.
However, one study [30] with waiting list control group reported
a nonsignificant effect for pain and function short term in favor
of the control group.

One subgroup analysis per outcome comparing the effects of
different treatment delivery modalities and treatment contents
(mHealth and telephone) was conducted (Table 3). Studies in
the subgroups differed in regards to mode of communication
(automated in the mHealth subgroup vs personal in the telephone
subgroup), access to the intervention (selfguided in the mHealth
subgroup and fixed dates in the telephone subgroup), and
contents of intervention. Although results have to be interpreted
cautiously as the comparison is not based on randomization, a
general trend for greater effect sizes in the mHealth group was
observed that reached statistical significance for the outcome
pain short-term. Possible reasons for the observed greater
beneficial effect of mHealth interventions are stated below.

First, mHealth interventions were more complex and consisted
of various elements such as information, educational material,
training of self-management skills, and exercise compared with
telephone interventions that typically included telephone
coaching and exercises.

Second, different control group interventions may also account
for a greater observed effect in studies investigating mHealth.
In mHealth studies, control interventions included educational
material only [31], waiting list [14], and injections plus
information [27]. In comparison, control groups in the telephone
studies consisted of supervised physiotherapy in 2 studies
[28,29,32] and waiting list in one study [30].

Third, treatment duration was shorter in 2 of the telephone
studies with 4 and 6 weeks [28-30] compared with 3 months in
the mHealth studies [14,23,27,28,31]. Each of these factors
alone or in combination could have contributed to the observed
differences in effect size.

Limitations
In this section, limitations at study and outcome level, as well
as limitations of the review process, are discussed.

Risk of Bias at Study Level
Risk of bias was low for 4 of the included studies [14,27,31,32]
and moderate for the remaining 2 studies [28-30]. Lack of
blinding of patients, therapists, and outcome assessors was noted
in all of the studies. Although blinding of participants and
therapists to treatment modality is difficult to achieve in exercise
interventions, lack of blinding may nonetheless introduce
overestimation of effects and should therefore be assessed [17].
Blinding of outcome assessors and statisticians would have been
possible. However, only one study reported blinding of the
statistician and that patients were unaware of the study
hypothesis [31]. In the 2 studies with the highest risk of bias
[28-30], allocation concealment was not reported; in one study
[28,29], adequate random sequence generation was unclear. As
the net effect of these 2 studies on the pooled effect size is in
favor of the control group, the overall risk of bias is judged as
low.

Overall Quality of Evidence
Quality of evidence across studies was assessed high for the
outcomes physical function long term and QoL long term,
moderate for pain long term and QoL short term, and low for
pain short term and physical function short term.

Reasons for downgrading the quality of evidence was risk of
bias and imprecision. For the outcomes pain short term, pain
long term, physical function short term, and QoL short term,
quality of evidence was downgraded one level because the risk
of bias was assessed as serious. Reasons were lack of blinding
and unclear allocation concealment across studies that may have
introduced some overestimation of the results.

Quality was downgraded one level because of substantial

inconsistency for the short-term outcomes pain (I2=67%) and

physical function (I2=83%). Some reasons for inconsistency
have been described above and include differences in treatment
delivery modes (mHealth vs telephone), treatment duration, and
control treatments. The exercise component of the eHealth
intervention also varied between studies. Strengthening and
reinforcement of PA was used in 3 studies [28,29,31,32],
reinforcement of aerobic exercise such as walking or cycling
in 2 studies [14,27], and reinforcement of general PA in one
study [30].

Further reasons for inconsistency may include heterogeneity
between study populations. One study [31] included patients
with chronic knee pain. The proportion of patients with arthritis
was probably high in this study as the inclusion criteria included
age above 50 years, knee pain during walking, and more than
20 points on the WOMAC physical function subscale. Another
study [14] included patients with hip and knee OA, but the
majority of patients (79%) had OAK. Additionally, diverse
cultural and socioeconomic backgrounds of participants coming
from Australia, the Netherlands, the United States, Canada, and
Nigeria may have contributed to the heterogeneity of study
participants.

Limitations in the Review Process
Some limitations regarding the review process should be
mentioned. These include that only studies published in English
or German language were considered. Studies published in other
languages could not be considered and were potentially
overlooked. Studies investigating the effect of eHealth
interventions are rapidly increasing; four published study
protocols could be identified that matched the eligibility criteria
of this systematic review [39-42]. It is possible that results from
these ongoing studies may change the findings of the
meta-analysis in this review.

Conclusions
Overall, eHealth-supported exercise interventions demonstrated
beneficial small short- and long-term effects on pain, physical
function, and QoL in patients with OAK. These effects may be
too small to make a relevant difference for individual patients.
The quality of evidence was low to moderate for short-term
outcomes, therefore future trials are likely to change the results
for short-term outcomes. The quality of evidence for long-term
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outcomes were moderate to high; it seems unlikely that future
studies may change results substantially.

Taking into account the balance between benefits and harm, the
magnitude of effects, the importance of outcomes, the quality
of evidence, the values and preferences of patients, and
cost-effectiveness [25], the following recommendation is put
forward:

In patients with OAK, clinicians should consider using eHealth
interventions to support home exercise and self-management
(weak recommendation, moderate quality of evidence).

This recommendation places a high weight on the positive
balance of (small) benefits against possible adverse events and
on patient’s values and preferences. Less weight is placed on
implementation barriers because of lack of training and financial
incentives of health care providers.
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Abstract

The growth of the digital environment provides tremendous opportunities to revolutionize health behavior change efforts. This
paper explores the use of Web-based, mobile, and social media health behavior change interventions and determines whether
there is a need for a face-to-face or an in-person component. It is further argued that that although in-person components can be
beneficial for online interventions, a digital person-to-person component can foster similar results while dealing with challenges
faced by traditional intervention approaches. Using a digital person-to-person component is rooted in social and behavioral
theories such as the theory of reasoned action, and the social cognitive theory, and further justified by the human support constructs
of the model of supportive accountability. Overall, face-to-face and online behavior change interventions have their respective
advantages and disadvantages and functions, yet both serve important roles. It appears that it is in fact human support that is the
most important component in the effectiveness and adherence of both face-to-face and online behavior change interventions, and
thoughtfully introducing a digital person-to-person component, to replace face-to-face interactions, can provide the needed human
support while diminishing the barriers of in-person meetings. The digital person-to-person component must create accountability,
generate opportunities for tailored feedback, and create social support to successfully create health behavior change. As the
popularity of the online world grows, and the interest in using the digital environment for health behavior change interventions
continues to be embraced, further research into not only the use of online interventions, but the use of a digital person-to-person
component, must be explored.

(J Med Internet Res 2018;20(4):e144)   doi:10.2196/jmir.8480
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Introduction

Background
Several aspects of the digital environment offer opportunity to
support behavior change efforts, including reach, engagement,
accessibility, collaboration and advocacy, and research potential
[1]. Notably, there has been an increased interest from both
public health organizations and those in academia, around using

Web-based, mobile, and social media health behavior change
interventions. It is believed that these popular digital media
channels can play a valuable role in leveraging health messaging
and consequently, behavior change. Although traditional
face-to-face interventions or interventions with in-person
components are (and continue to be) successful in health
behavior change [2,3], traditional approaches can present with
various barriers such as logistic problems, a challenge of keeping
participants actively engaged, can be labor intensive, and
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expensive to scale for larger populations. Using components of
the digital environment may offer solutions to traditional
challenges because of their low cost, high reach, anonymity,
adaptability, and scalability [4]. Furthermore, comparisons of
online interventions with traditional face-to-face interventions
indicate that online treatment is generally at least as effective
as conventional approaches and also possess several advantages
[5-7]. Similarly, supplementary literature within the health
behavior change domain has shown no significant treatment
differences between the face-to-face and the online intervention
groups [5-8], suggesting that online-only interventions may be
just as valuable as face-to-face interventions. However, as a
majority of online interventions are used in adjunct to traditional
approaches [1], there is a need to understand what role in-person
components play in online interventions. Furthermore, research
indicates that the effectiveness of, and adherence to, online
interventions is enhanced by human support [9-11]. As
intervention adherence is important in predicting behavior
change, the inclusion of a digital person-to-person component
for an online behavior change intervention can help to combine
the effectiveness and socialization opportunities of in-person
meetings with the technologically enhanced active learning
possibilities of the digital environment [1,5-8].

Perhaps, the dynamic, socially supportive, and interactive
elements of digital media channels (ie, Web, mobile, and social
media) may obviate the need for further interpersonal in-person
components [6], as a digital person-to-person component can
be used to cultivate a similar interpersonal connection, while
overcoming the barriers of face-to-face interventions. Online
human-supported interventions or digital person-to-person
components have, in recent meta-analyses [12,13], obtained
larger effect sizes than online self-guided programs, suggesting
a need to further explore the role of the digital person-to-person

relationship. For the purpose of this viewpoint paper, a “digital
person-to-person” component will encompass any type of online
feature that creates a sense of interpersonal connection or virtual
interaction, thus, embodying qualities of a physical in-person
or face-to-face components such as guidance, feedback, and
support. For example, a digital person-to-person component
can include human support provided through peers via online
message groups or by posting or reading bulletins [14], as well
as other elements of online systems that create social support
such as chat forums and/or chat rooms [15]. Similarly, the digital
person-to-person component can be offered on a one-to-one
basis through virtual coaches, therapists, counselors, or
facilitators via email, instant messaging sessions (eg, text
message), and teleconferencing (eg, webcam and Skype). Digital
person-to-person features create accountability, feedback, and
social support, emulating traditional, physical in-person or
face-to-face components and can foster motivation,
encouragement, and commonality [16]. Furthermore,
expectations about the digital person-to-person, such as
accountability, feedback, and social support, may be grounded
in social or behavioral theories including the theory of reasoned
action [17] and the social cognitive theory [18], while being
guided by the human support constructs of the model of
supportive accountability (Figure 1) [11].

Objectives
Thus, the purpose of this viewpoint paper is to suggest that
based on a comprehensive review of the literature, there is a
need for a face-to-face component in Web-based, mobile, and
social media health behavior change interventions but that a
digital person-to-person component can foster similar results
while dealing with challenges faced by traditional intervention
approaches.

Figure 1. Model of supportive accountability (Mohr, Cuijpers & Lehman [11]).
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Methods

To delineate the scope of the study and make it more replicable,
the focus was on published references searchable through major
bibliographic databases. This review adhered to the defining
characteristics of Web-based, mobile, and social media health
behavior change interventions, and this review excluded
unpublished and untested programs. Due to the emerging state
of Web 2.0 research, this viewpoint paper will not limit studies
further by methodology, being inclusive of study design,
participant, and setting. In particular, a wide variety of platforms
were included in the search, including blogs and microblogging
technologies, social networking sites, video sharing programs,
and mobile health (mHealth) apps. Literature search strategies
were developed using subject headings related to Web-based,
mobile, and social media health behavior change interventions.
Proquest Social Sciences, Web of Science, PsycINFO, Scopus,
and PubMed were searched for “digital person-to-person,”
“in-person,” “online intervention,” “behavior change,” “digital
media,” “health care,” “social media,” and “Web 2.0” from
2004 to April 2017. The search began with studies published
since 2004 because that is when the term “Web 2.0” was coined
to describe the shift to a more participatory online landscape.
However, studies before 2004 were used to develop an
understanding of the impact of in-person and/or traditional
therapies or interventions. Finally, to ensure literature saturation,
the reference lists of included studies or relevant reviews
identified through the search were scanned.

Results

Using Digital Media Channels in Health Behavior
Change Interventions
The digital environment consists of digital media, and although
difficult to define, partly because it is ever changing, digital
media in its broadest sense are content that can be transmitted
over the internet or computer or phone networks [1]. Digital
media channels such as the internet, mobile phones, and social
media have become increasingly popular and have altered the
nature of interactions around health issues. A once-passive
one-way transfer of information, now it has become a network
of multidirectional conversations [19]. The sense of interaction
and multidirectional communication [20,21] offered by digital
media channels cultivates active engagement [22-24] and
information dissemination to a larger number of individuals
[25]. On the basis of the popularity of these channels, an
opportunity is presented to connect with individuals in their
daily lives on issues concerning health and health behavior
change [1].

Vast numbers of North Americans use the internet daily [26,27].
As presented in a meta-analysis of 5 papers, the literature
presents substantial evidence that the use of Web-based
interventions improves behavior change outcomes [28].
Web-based health interventions can be defined as “primarily
self-guided intervention programs, delivered through a website,
aiming to create positive change and/or improve or enhance
knowledge, awareness, and understanding” [14]. Specific
behavior change techniques of Web-based interventions may

include real-time support, goal setting tools, alarms, reminders,
and platforms to share with friends or family [1]. Particularly
with health behavior change, Web-based interventions have
seen several successful outcomes, including increased exercise
time, increased knowledge of nutritional status, increased
knowledge of asthma treatment, increased participation in health
care, slower health decline, improved body shape perception,
weight loss maintenance [28], and weight loss [6,29]. It has
been proposed that structured (ie, lessons and activities)
Web-based interventions are able to replicate health outcomes
expected of a traditional, in-person intervention [30] and tend
to be a more cost-effective approach [31]. However, other
literature has shown that although Web-based interventions
resulted in greater behavior change compared with control
conditions (ie, waitlist or usual care), they had significantly less
change compared with face-to-face interventions [32-34].

Particularly in North America [26,35], mobile phones are
becoming a primary means of online access, as vast majority
of individuals now own a mobile phone. Mobile phone are
recommended as a good access point for a health behavior
change intervention, since usage is high across various
populations, including those considered to be underserved (ie,
racial or ethnic minorities, youth, low and social economic
status). [1,19,20,36]. mHealth interventions involve the use of
mobile computing and communication technologies such as
mobile phones, personal digital assistants, tablets, and portable
media players to disseminate health information [37].
Subsequently, mHealth interventions are successful in creating
health behavior change, as well as higher patient adherence,
satisfaction, and acceptability than Web- or paper-based
interventions [38]. Specifically, mHealth interventions have
shown small but positive effects on weight loss behavior [39]
and are a promising tool for decreasing risky sexual behaviors
and drug use [40]. Furthermore, the use of tailored text messages
as an adjunct to an in-person multidisciplinary weight
management intervention resulted in improved feasibility,
acceptance, and adherence [41]. The use of mobile phones offers
health professionals an opportunity to engage with patients and
colleagues on a scale when and where people are open to
communicating and perhaps behavior change [42]. Future
research on the effectiveness of text message delivery
characteristics is needed to establish longer term intervention
effects [43]. Moreover, the acceptance of mobile phones has
helped to increase the popularity of online interactive platforms
such as social media [44].

Social media are a broader concept that encompasses sites that
allow users to generate and share content [21]. There are 6 main
social media platforms, which include blogs, social networking
sites, virtual worlds, online collaborative projects, content
communities, and virtual game worlds [45]. As the use of social
media continues to rise [26,46], it may indicate the potential
for its role as a tool in the public health care system, specifically,
health behavior change interventions. Social media platforms
have been found to be successful in health behavior change
interventions, with meta-analyses finding that the direction of
effect for the primary outcomes favors interventions with social
media components [45] and a slight positive effect of social
networking site interventions on health behavior change

J Med Internet Res 2018 | vol. 20 | iss. 4 |e144 | p.38http://www.jmir.org/2018/4/e144/
(page number not for citation purposes)

Santarossa et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


outcomes [47]. However, there is a lack of clear evidence of
the effectiveness of social media in behavior change
interventions [24,47,48], as most studies are not measuring an
isolated effect of social media, thus creating a lack of ecological
validity [49]. Furthermore, challenges of social media can
include the spreading of misinformation and privacy breaches
[45], which might suggest that using social media alone may
be insufficient to promote health [48].

Role of In-Person Components in Online Health
Behavior Change Interventions
It has been suggested that using a face-to-face approach is the
“gold standard” in behavior change interventions [50].
Face-to-face interactions have greater bandwidth (ie, the number
of communication cues a medium can convey), and this can
lead to a greater ability to complete tasks, better interpersonal
relations, and greater social presence [14]. Combining the verbal,
nonverbal, and contextual cues of face-to-face communication
could be assumed to provide the richest source of information
and perhaps most positively influence behavior change.
Furthermore, in face-to-face interventions, the human support
created by the in-person component offers the core of the
intervention while simultaneously coordinating a relationship
with the participant in a way that will efficiently promote the
use of the interpersonal connection to continue in the
intervention [11]. In contrast, online behavior change
interventions separate the content of the treatment, which is
provided in a standardized manner via a website, mobile device,
or social media platform, from support provided by humans,
which is often intended to increase adherence [51-53]. However,
Web-based, mobile, and social media interventions have shown
promising results in health behavior change, but a majority of
the literature focuses on these digital media platforms used in
adjunct to traditional approaches [1]. The combination of online
and face-to-face interventions may be reflective of the argument
that it should not be necessary for online interventions to prove
more effective than face-to-face treatments but rather to provide
close to equivalent benefits and outcome results [50], thus,
implying that online interventions are meant to provide an
alternative or adjunctive component to already well-established
and highly effective face-to-face interventions.

As such, some literature suggests that the idea of having a
combination of online and face-to-face components within an
intervention or program is ideal [1,6,54]. For example, a weight
loss study that used Facebook to provide social support between
monthly in-person meetings found that engagement in the
Facebook support groups was significantly associated with
weight loss during the 4-month maintenance period of this study,
even after adjusting for face-to-face meeting attendance [55].
Furthermore, in a meta-analysis that focused on Web-based
interventions and weight loss, it was reported that additional
weight loss occurred when Web-based interventions were used
to supplement face-to-face interventions; however, substituting
face-to-face interventions with Web-based interventions resulted
in significantly less weight loss [56]. These findings suggest
that when digital media channels are used in conjunction with
traditional approaches such as in-person behavior change
interventions, they tend to be beneficial components [57] and
perhaps will not be as successful if used alone. Conversely, it

is important to note that some reviews have concluded that a
meta-analysis could not reliably detect the effectiveness of
online interventions because of the heterogeneity of designs
and the small number of comparable studies [58-60].

Only a few Web-based, mobile, and social media interventions
have truly measured behavior change; overall, there is a lack
of comprehensive evaluation [1]. In the limited studies that
investigated solely online interventions, it was recommended
that having an in-person component could increase engagement
and allow participants to interact and get to know each other
before expecting them to interact online [61]. In addition, online
behavior change interventions have had higher fidelity (ie, actual
usage or intended usage of the online component) when
participants knew each other before recruitment [24].
Specifically to social media, considering an in-person
component has been suggested because of the “stranger
phenomenon” [49]. This is based on the idea that social media
are currently being used for conversations and maintenance of
existing relationships and thus not being used to cultivate new
acquaintances (ie, strangers). Supplementing with a face-to-face
meet up (ie, more traditional way of forming acquaintances)
may help overcome this particular barrier of social media. In a
small pilot intervention study utilizing Facebook, which included
an optional face-to-face meeting of all participants, only 3 of 8
participants attended [16]. Moreover, similar rates of
participation existed in those who did not attend the in-person
meeting compared with those who did [16]. Thus, further
research into the need and role of in-person meetings in online
interventions is warranted.

Albeit, many online interventions have supplemented with some
form of in-person meeting or counseling [4,6,62]. These
face-to-face interactions can be time-consuming, inconvenient,
and logistically challenging. Research suggests that the use of
a virtual health coach or online communication with a counselor
or facilitator can be just as effective in behavior change as an
in-person interaction [63,64], with implications for cost savings.
Similarly, online interventions offer a promising alternative to
traditional peer interventions, home visits, and/or pediatric
office-based strategies to promote healthful behaviors [16], as
online participants can interact frequently and at their
convenience, a pattern that facilitates engagement, retention,
and delivers a high intervention dose at a low cost with minimal
resources [20]. These digital media channels provide a
mechanism for participants to receive new information
instantaneously, obtain immediate personalized automated
feedback, and interact within a virtual group network, while at
the same time allow for flexibility around work or school
schedules and childcare responsibilities [65]. In addition, the
potential anonymity of an online intervention group and its
faceless quality allows participants to feel valued for the strength
of their contributions rather than being evaluated on their
physical appearance or disabilities [66]. Participants are likely
to feel empowered, and in a safe environment, where they are
able to digest the information at their own pace and better use
it to enhance behavior change efficacy. However, the
effectiveness of and adherence to online interventions is
enhanced by human support [9,10]; and thus, the positive
findings of online interventions coupled with the drawbacks of
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in-person components present an opportunity for the digital
person-to-person.

Using a Digital Person-to-Person Component
For a digital person-to-person component to be considered and
be successful, certain adjustments need to be examined. During
in-person meetings, participants are able to view nonverbal
communication cues, including body language and voice
qualities. These nonverbal cues may not be as obvious in online
interactions. Several steps can be taken to overcome this
limitation and to maintain accurate and a more complete
understanding between the participant and the digital
person-to-person component. Strategies to overcome nonverbal
cues absent in a digital person-to-person component may include
extended wording, various stylistic procedures for emphasizing
text and using emoticons [14]. Extending wording and verbal
expressions can help clarify messages, and the use of emoticons
can enrich messages by mimicking a missing intonation or
gesture [14,67,68]. In addition, participants should be well aware
of the fact that messages may be misunderstood, hence a need
for more probing and clarifications than in face-to-face sessions
[14]. Furthermore, although possible and effective in online
communications, the expression of feelings is not as automatic
as in in-person meetings or relationships. This means that the
digital person-to-person component must consciously consider
using words and expressions that might not be used in
face-to-face contact, to communicate empathy, care, concern,
and warmth toward participants [14]. Again, participants have
to be aware that their feelings are not as obvious and vivid as
they would be in a face-to-face meeting [14]. Overall, the
possibility does exist that if thoughtfully executed, a digital
person-to-person component can perhaps be leveraged to
substitute in-person and face-to-face components of online
behavior change interventions, while overcoming traditional
barriers and maintaining a sense of interpersonal connectedness.
Moreover, the possibilities about the digital person-to-person
relationship and opportunities for a successful alternative to
in-person meetings are grounded in theory.

Research has not only shown a positive effect of grounding
behavior change interventions in theory [48], but it is suggested
as a necessity [1,62]. Using a digital person-to-person
component in the delivery of an online behavior change
intervention allows one to incorporate the best features of
in-person interaction and the live instruction to personalize
learning, allow thoughtful reflection, and differentiate instruction
from participant to participant across a diverse group of learners.
Thus, using a digital person-to-person component may be
grounded in social and behavioral theories such as the theory
of reasoned action [17] and the social cognitive theory [18],
while being guided by the human support constructs of the
model of supportive accountability (Figure 1) [11].

The theory of reasoned action [17] predicts that norms of
significant people in an individual’s social circles (ie, subjective
norms) have a strong impact on the influence in the individual’s
behavioral intentions. In the digital media literature, descriptive
norms, which are similar to engaging in social comparison (ie,
comparing if you should or should not engage in a behavior
based on what others like you are doing), are found to be more

powerful in behavior change than injunctive norms [48,62].
Moreover, digital media channels such as social media thrive
off social comparison and can motivate user participation by a
desire to belong [69,70]. Similarly, the social cognitive theory
[18] predicts social learning by observation, which can take
place in both online and offline social networks. For example,
the use of virtual coaches or facilitators can provide positive
reinforcement for participation and model desirable behavior
outcomes (ie, photographs, videos) [16]. The social cognitive
perspective of social support proposes that perceived support
(ie, an individual’s belief that he or she is well supported) leads
to better coping skills and higher self-esteem [71]. In addition,
the social cognitive theory encompasses the idea of social
diffusion and innovation as the way new ideas or cultural
practices are transmitted or reinforced throughout a society [18].
According to Bandura [18], social innovation and diffusion can
only be reinforced by media (eg, digital media) but not
innovated; it is influential people who create innovation.
Bandura [18] also suggested that the more media dominate
people’s lives, the more they will learn from it and less from
people. Hence, there is a need for a digital person-to-person
element in online behavior change interventions. Finally, using
the human support constructs of the model of supportive
accountability [11], it is suggested that the role of the digital
person-to-person component can improve adherence, and
consequently behavior change.

The term accountability refers to the implicit or explicit
expectation that an individual may be called on to justify his or
her actions or inactions [72], and being accountable to someone
other than oneself enhances motivation to continue with
behavioral change. Thus, adherence is an important element to
consider in the development of a behavior change intervention.
In the model of supportive accountability [11], human support
increases adherence through accountability to a virtual coach
(ie, a digital person-to-person component) who is seen as
trustworthy, benevolent, and having expertise. Adherence will
be further enhanced when the relationship with the virtual coach
is perceived as reciprocal, clear goals and expectations are
defined, and coaches are clear about the accountability process
[11]. Moreover, people respond more positively to accountability
demands from a coach who is perceived as legitimate [11,73].
Throughout the literature, the use of a virtual health coach has
shown positive results in both weight loss [70] and physical
activity adherence interventions [74]. Creating social
accountability can help individuals self-monitor and follow
through on their goals. Furthermore, in the model of supportive
accountability [11], there are several human support constructs
that are identified (see Figure 1) as integral components to how
accountability is cultivated and maintained.

The existence of another human, or social presence [11], can
influence accountability and subsequently adherence to behavior
change interventions. For example, research suggests that
although automated systems that monitor and encourage
adherence, such as email reminders, can improve adherence to
online interventions, digital person-to-person support enhances
adherence to a significantly greater degree [13,29,75].
Expectations of the desired behavior change also play an
important part in adherence [11,72]. The more people understand
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and agree with the fundamental justification for the expected
behavior, the greater the compliance. Such expectations need
to be not only known but also clear and process, not outcome,
focused [11]. Expectations should be monitored; research has
shown an important feature of self-monitoring for online weight
loss interventions appears to be emailing daily food intake and
energy expenditure journals to a weight loss counselor rather
than keeping a private record [29,64,76]. Thus, implying further
rationale in need for virtual coaches (ie, digital person-to-person)
support. It should be noted that the aim of performance
monitoring is to provide feedback, to inform that failure to meet
goals provides opportunity for self-reflection and growth, and
to establish that there are no negative consequences [11]. In
addition, it is suggested that supplementing online interventions
with feedback and communication components can be effective
in creating or generating behavior change [15].

Although all online interventions require participants to act by
themselves to some extent, the type and degree of feedback that
can be offered by a digital person-to-person component can
vary considerably [14], from very little (ie, minimal guidance
or supportive feedback mechanism provided) to high (ie,
delivery of adequate amounts of tailored feedback). Moreover,
immediacy of response is dependent on which communication
modality is being employed. Emails and forum postings
generally provide delayed feedback, whereas chat room or
instant messaging sessions, Skype, and webcam calls provide
participants with immediate feedback. Notably, it appears that
feedback can be effective whether delivered by the internet [43]
or through specific channels such as the use of text messaging
[20,48,62]. Use of text messages can allow for immediate
feedback on the basis of their response [25], and throughout the
literature, the use of text messaging has been found to be a
successful behavior change technique [20,48,62,77]. Although
differentiating in their degree of direct digital person-to-person
contact, feedback channels create an opportunity to foster
interpersonal relationships within interactive platforms and
create improvements in users’ knowledge, health behavior,
clinical outcomes, and social supports [78].

As previously stated, aside from accountability, a virtual coach
or online counselor or facilitator aids in creating the feeling of
interpersonal connectedness and can provide feedback, which
tends to be effective in supportive behavior change [16,75].
Studies have found small to medium effect sizes in internet
interventions that incorporate communicative functions such
as online advisors [61] and use of an online counselor, compared
with no counselor, resulted in greater behavior changes [15].
Similarly, in a Web-based randomized controlled trial that used
no counseling, computer-automated feedback (ie, automated
tailored messages), or human email counseling (ie, weekly email
feedback from a counselor), results indicated that participants
who had received computer-automated feedback or human email
counseling had better weight loss than those with no counseling
[29]. Moreover, in a 3-arm randomized controlled trial, the
Facebook Plus group (ie, text messaging, personalized feedback,
online support person) had significantly greater weight loss than
the Facebook alone and waiting list control groups [25].
Feedback and communication components such as virtual
coaches or online facilitators can also help make up an online

social support system. Social support networks play an important
role in determining health outcomes [79], and as more and more
individuals are spending time online, research must examine
the role of online social networks and their contribution to health
behavior change. In addition, future research must consider the
age of the virtual coaches or online facilitators, years of work
experience they may have, and their accessibility to digital
platforms in the workplace, as these factors play a role in the
self-efficacy and utilization of digital platforms in health
education organizations [80]. For optimal results, appropriate
training for these platforms should be provided to those who
will be providing online social support [80].

Increasing social support for a behavior change intervention
can be an effective way to enhance desirable outcomes in both
traditionally delivered behavioral interventions [79] as well as
those delivered online [28,81]. Although utilization and seeking
behaviors have been higher in women [82], research suggests
that social support may be the most important aspect of online
behavior change interventions, as it is the highest predictor of
behavior change [48]. Online interventions that do not include
some form of social support have lower utilization rates and
lack of behavior change [83]. Social support can be encouraged
through online social networks. Online social networks, often
facilitated through social media platforms and/or a virtual
coach/facilitator, have the ability to create high levels of
intimacy and immediacy, meaning that support is available
despite members’ distance from one another. These
characteristics naturally lead to high levels of social support
and allow participants to provide each other with social support
interactions that are present in face-to-face delivery by adding
the possibility of in-the-moment posts and responses [84]. In
addition, participants in a study that utilized Facebook [16] were
not only successful in supporting one another in a virtual group
format, but after the online intervention, the participants reported
becoming Facebook “friends.” Evidently, this continued peer
support and gained knowledge through digital person-to-person
relationships could result in further behavior change.

Online social networks can fill a void in participants, as they
increase the feelings of support and connectedness. It has been
found that those who reported less baseline social support had
lower dropout rates, as the online social network appeared to
be filling a gap [49]. Thus, it should be of no surprise that online
social networks can be leveraged to foster an online community
[85], as many share their personal stories, struggles, or successes
[16,24,69,86], fostering a sense of interpersonal connectedness.
Moreover, this sense of community can also lead to cyber worlds
or communities in which people who used to feel isolated now
feel a sense of togetherness [87]. The potential anonymity of
online communities is particularly important in cases where
health topics may be considered “taboo” or sensitive [21,49,88].
Subsequently, it is important to assess and consider the amount
and/or quality of received advice or emotional support provided
in online social networks as stress and stigmatization around
the health topic can be induced [82]. Online social networks
appear to be a predominant component in altering social norms
and health behaviors on a large, often times anonymous, and
cost-effective scale. Therefore, researchers should examine
strategies that will further develop online social support, which
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can then be used to promote continued adherence and desirable
behavior change in online interventions.

Discussion

Principal Findings
The growth of the digital environment provides tremendous
opportunities to revolutionize health behavior change efforts.
Using digital media channels such as Web-based, mobile, or
social media in online behavior change interventions can
facilitate enhanced communications, research, and education
and allows for the generation of multidirectional dialogs [19].
Web-based interventions have used specific behavior change
techniques (eg, real-time support, reminders, and sharing
platforms) [1] to produce desired behavior change outcomes
[6,28,29]. Moreover, the use of mobile technology and social
media in delivering health behavior change interventions also
produces successful outcomes [38-40,47], and as these platforms
continue to rise in popularity, continued efforts should be made
to use them in the health research and health advocacy. Overall,
digital media channels can be a more cost-effective approach
[31] and can have a greater impact on behavior change because
of high reach, anonymity, adaptability, and accessibility [1,4]
than traditional face-to-face interventions. Furthermore, online
technologies have been able to replicate similar results as
traditional, in-person interventions [5-8,30]. Thus, online
interventions now offer a real alternative, or supplement, to
traditional, face-to-face interventions [14]. Although many
benefits of using online behavior change interventions are
documented, mixed reviews still exist on the delivery of these
digital media interventions, whether or not face-to-face
interventions are better, and whether in-person components are
necessary [36]; thus, future research is justified.

Conclusions
Overall, face-to-face and online behavior change interventions
have their respective advantages and disadvantages (ie, differing
degrees of broad reach capability, anonymity, levels of treatment

efficacy, and cost) and functions (ie, individual clinical treatment
vs public health prevention programs), yet both serve important
roles. It is suggested that perhaps the best opportunity for
behavior change can be facilitated when there is a combination
of face-to-face and online components [1,6,54]. It is the view
of the authors that human support is the most important
component in the effectiveness and adherence of both
face-to-face and online behavior change interventions [9-11].
Thus, thoughtfully introducing a digital person-to-person
component to replace face-to-face interactions can provide the
needed human support while diminishing the barriers of
in-person meetings. As human support in face-to-face
interventions combines verbal, nonverbal, and contextual cues
during in-person communications, a digital person-to-person
interaction must implement strategies to overcome these
challenges (ie, extended wording, various stylistic procedures
for emphasizing text and using emoticons) [14]. Furthermore,
using a digital person-to-person component is rooted in social
and behavioral theories such as the theory of reasoned action
[17] and the social cognitive theory [18] and further justified
by the human support constructs of the model of supportive
accountability [11]. For example, social comparison, social
diffusion and innovation, accountability and adherence,
feedback, and perhaps most importantly, social support and
connectedness can all be accounted for using digital technology.
Therefore, it must be ensured that a digital person-to-person
component creates accountability [29,64,76], generates
opportunities for tailored feedback [15,20,48,62], and creates
social support [84,87]—all key elements in producing successful
behavior change. The digital environment is ever changing, and
the potential for its use in health behavior change interventions
has yet to be fully harnessed [21,24,44,47]. As the popularity
of the online world grows and the interest in using the digital
environment for health behavior change interventions continues
to be embraced, further research into not only the use of online
interventions but also the use of a digital person-to-person
component must be explored.
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Abstract

Mobile technologies, such as wireless glucometers and mobile health apps, are increasingly being integrated into health and
medical care. Because patients openly share real-time information about their health behaviors and outcomes on social media,
social media data may also be used as a tool for monitoring patient care. This commentary describes how recent advances in
computer science, psychology, and medicine enable social media data to become a new health “vital sign,” as well as actionable
steps that public health officials, health systems, and clinics can take to integrate social data into both public and population health
as well as into individual patient care. Barriers that first need to be addressed, including privacy concerns, legal and ethical
responsibilities, and infrastructure support, are discussed.

(J Med Internet Res 2018;20(4):e161)   doi:10.2196/jmir.8563
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Introduction

Given the current discourse around social media, it might seem
like “wall postings” have only existed since the turn of the
millennium. However, people’s psychological desire to publicly
share information has existed for thousands of years. For
example, scribes, messengers, and other citizens of ancient
Rome shared their thoughts on a literal wall—via graffiti—and
elsewhere in Europe people exchanged pamphlets featuring
diary entries, quotations, and personal information [1]. These
snippets of daily life entertained and informed citizens, but they
also provided a window into societal well-being. That is, they
were a health indicator of sorts and served as one of the earliest
forms of social media.

Today, unlike antiquity, health providers and researchers have
access to an endless stream of personal data via the Internet and
mobile devices. In one survey, 72% of Internet users searched
for health information in the past year [2], and several studies
have shown that social media can have a significant positive
impact on health outcomes if it is properly incorporated into
health care settings [3,4]. Given the tremendous amount of

publicly accessible personal data (eg, >500 million tweets per
day on Twitter), organizations and research teams are already
starting to integrate social media services such as Twitter and
Facebook into public health surveillance by tracking influenza,
sexually transmitted diseases, and predicting crime more
accurately than previous models [5-10].

Patients are willing to share highly personal information on
social media, including thoughts, feelings, and behaviors that
they typically would not disclose because of stigma or
embarrassment [11,12]. Scientists have begun to search these
data for important psychological clues about patient behaviors
and outcomes, such as medication adherence and adverse
reactions to medications [13,14]. By combining psychological
insights with data science methods such as machine learning,
it is possible to develop mathematical models that mine social
media data to predict people’s health behaviors at a population
and individual patient level. Researchers are debating the best
methods to interpret and gain behavioral insights about social
“big data” [15-17], but it is now feasible to monitor a host of
lifestyle factors that affect a person’s mental health and physical
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well-being, such as stress level, physical activity, and sexual
orientation.

Real-Time Interventions

In a clinic or hospital, physiological vital signs such as blood
pressure and heart rate are easy to monitor, but observant
physicians also take note of psychological indicators such as
sadness or anxiety. If physicians could detect when a patient is
anxious, or why they are scared to take medications, for
example, it might be possible to provide real-time interventions
and improve care delivery.

Consider depression, the leading cause of disability worldwide.
Depression costs the US health care system approximately US
$200 billion annually and leads to negative health outcomes
such as reduced medication adherence and suicide [18].
Although real-time monitoring of depression could save money
and lives, it has been difficult to track outcomes outside of a
clinic. This has changed with the advent of social media. Now,
researchers can work together to analyze the words and images
that people organically share on social media sites for clues
about depression, drug abuse, or other psychiatric disorders.
Algorithms can quickly identify patterns within millions of
postings and use that information to predict people’s emotions
and behaviors [19]. A check for suicidal ideation, for example,
could be as simple as reviewing a list of keywords associated
with suicide and depression [20,21]. However, despite the rapid
progress in algorithm development over the years, there is still
room for improvement. Algorithms implemented in a health
care setting might need to apply Natural Language Processing
techniques and require extensive additional research to optimize
their accuracy.

While it will take time and research to develop automated
algorithms capable of accurately identifying health risks within
social data, we can already discuss more manual ways of
implementing this approach, such as having trained staff
available to review and discern whether social media posts that
have been flagged by a machine for at-risk content actually do
describe a patient’s valid health concerns and require attention.
In fact, the process of having human domain experts identify
and confirm health-related content, and teach this information
to a machine, is a common approach used in developing new
models for monitoring and prediction [17].

With the right infrastructure and clear and informed consent
from patients, it might be possible for people’s real-time, organic
social media data to be used as a source of information about
their health and vitals. New health care tools could be developed
and used based on this information to help alert health systems
and their staff about potential or ongoing patient risks. How can
this be done? Health systems could ask patients for permission
to review their social media history, along with consent to
monitor online activity when admitted to a hospital or medical
facility. If a patient were to repeatedly express patterns of
concern, such as talking about “pain,” “being depressed,” or
“suicide,” machines that mine this information could flag it for
a health system staff member to review and intervene if deemed
necessary.

Similar approaches to mine social media data can also be applied
at the public health population level to help researchers and
public health officials identify epidemics. This has already been
the case for HIV [12,22], influenza [23], and cardiovascular
disease [24]. With some refinement, social media surveillance
strategies may be able to inform early warning systems and
facilitate communication between doctors and public health
authorities. Once a patient, population group, or geographic
region of concern is identified, providers and health officials
would need to follow a strict protocol to maintain privacy and
confidentiality.

Roadblocks

Once equipped with these tools, providers and public health
officials could have real-time access to monitor high-risk
patients. However, there are a number of implementation
questions that first need to be resolved. One question is whether
providers and public health officials would be responsible for
acting on social media data, as when providers identify a patient
with high blood pressure. Because social media postings occur
continuously 24 hours a day, 7 days a week, inside and outside
of hospitals and clinics, this could pose a tremendous legal and
economic burden on health care facilities to monitor and act on
this information. For example, ethicists, lawyers, and health
system management would need to discuss whether, how, and
when providers should monitor and intervene. For example, if
a patient posts on the social media platform of their cardiologist
about a heart problem, would the cardiologist be responsible
for following up? If the patient did not discuss cardiology but
instead described mental health problems, an area outside of
cardiology, would the responsibilities of the cardiology team
change? These are some of the many unexplored questions that
would need to be discussed. Before implementation of
monitoring patient social data, there should be clear and ethical
protocols in place to manage these situations such as having a
mental health professional on-call to deal with potential crises
[25].

Given that there are a limited number of studies showing a
causal link between social media posts and actual health
outcomes due to the novelty of this area, we suggest that it is
too early to assign responsibility for monitoring social media
as a health outcome. Instead, at this stage it might be used as
an additional tool, instead of a standalone one, for remote
monitoring of health and additional insights about patients.

Using social media to monitor and predict health risks also
raises serious privacy concerns. For example, are patients willing
to have their data mined to monitor their health information?
Although studies on ethics suggest that people find social media
to be an acceptable tool for use within public health and
medicine [26,27], this is a constantly changing area. It is unclear
whether people who share their data today would be willing to
have their data used in the future. A recent systematic review
shows that there are mixed views on the ethics of social media
research, with privacy concerns being the biggest hurdle. Despite
the public nature of social media, many people expressed more
positive views about social media research when studies required
informed consent from participants [28]. Another concern is
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that some people using social media may have their profile set
to public and be unaware of the privacy risks involved or have
forgotten that their profiles are public. It is unclear whether
these or other individuals are comfortable sharing personal
health information with a health care provider. Hospitals and
health care systems that implement a method of following
patients on social media should therefore have consent forms
that explicitly remind patients when and if they would be
monitored and describe the currently known risks and benefits
of this approach.

Another issue to consider is the data storage and management
system. Social data could be managed within an electronic health
records system or managed in a separate system, such as by
clinics or health systems. Pilot testing is needed to address these
questions before rolling out implementation at the larger level
of electronic health records or health systems. For example,
feasibility studies with small clinics will help uncover potential
risks that need to be addressed before widespread
implementation

Finally, there is also concern around the validity of the data.
People can provide inaccurate information about their health
and behaviors on social media. For instance, during the
2011-2012 flu season, flu-related Twitter models suggested that
it was a typical season. However, after World Health
Organization data showed that flu prevalence peaked 3 months
later than a typical flu season, it was discovered that the Twitter
flu model had incorrectly characterized tweets as being related
or unrelated to flu. More research is therefore needed to ensure
the accuracy of monitoring illnesses via social media, especially
during atypical seasons [29].

The Future of Social Media and Health
Care

Finally, before implementing social media as a tool for
monitoring data, we need to address whether providers and
health systems might not want or know how to handle this
additional information about their patients. With the increasing
amount of data available, it can be overwhelming to a health
system to think about integrating an unfiltered, 24-hour source
of information into health services and even more daunting to
think about the possible risks that could occur from being one
of the first to implement an approach like this. This paper is
meant to initiate a discussion of the risks and benefits of this
approach in order to determine whether and how social media
might be integrated into health monitoring to improve public
health and medical care. Although widespread implementation
of social media monitoring in health care may be a number of

years away, there are already case studies that use social media
and other forms of big data as a tool for monitoring in other
fields.

Tools to analyze social data are already successfully being used
in fields like consumer behavior, education, and crime prediction
[30], and there are a growing number of platforms that will soon
be ready for wide-scale use by medical professionals. For
example, our team at the Institute for Prediction Technology
has been developing a visualization tool called Cloudberry-HIV
Map [31]. We are building visualization tools like this to mine
social media data and present this information to public health
experts in an easy-to-understand manner so they can access “big
social data” and use it to assist with the interventions and
resource allocations. We have been working on applying these
types of models to address HIV, natural disasters, drug addiction
prevention, and suicide prevention. To date, the most extensive
use of machine learning for public health in the private sector
is IBM’s Watson Health, a computer that mines patient data to
aid in diagnosis and treatment. In 2011, researchers started
feeding the supercomputer millions of academic research papers
and programmed it to understand standard treatment protocols
for cancer. In one case, IBM claims that Watson Health proved
better than doctors at diagnosing a rare form of leukemia [32].
Watson Health has gone through extensive testing and
refinement, but it has been effective at analyzing patient medical
records, identifying cancer treatment options, and providing
supporting evidence for its treatment recommendations.
Developing a supercomputer that can be used in a broader
fashion with social media (eg, to identify early forms of mental
illness) is a next step. At a minimum, it is currently possible to
train computers to comb social media accounts and identify
patients at risk for diseases such as depression [33]. Working
with a multiplatform, rapidly evolving technology may indeed
be intimidating, but research in this area suggests it could have
tremendous benefits to patients and to broader public health.
For this to happen, health providers, patients, and computer
scientists will need to start a dialogue. The Health Insurance
Portability and Accountability Act and protected health
information guidelines are an important topic of discussion.
Particular focus needs to be applied to whether public social
media posts should be considered protected health information.
In addition, infrastructure to support these tools and patient
willingness to participate are a few other considerations. In
some sectors this dialogue has already begun, but to make
progress we need to shift our mindset on the role of social
networking technologies. As health researchers and providers,
being open to thinking of social media in this manner—as a
potential new “vital sign”—is a wise and worthwhile change
in perspective.
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Abstract

Background: Electronic health (eHealth) and mobile health (mHealth) approaches to address low physical activity levels,
sedentary behavior, and unhealthy diets have received significant research attention. However, attempts to systematically map
the entirety of the research field are lacking. This gap can be filled with a bibliometric study, where publication-specific data
such as citations, journals, authors, and keywords are used to provide a systematic overview of a specific field. Such analyses
will help researchers better position their work.

Objective: The objective of this review was to use bibliometric data to provide an overview of the eHealth and mHealth research
field related to physical activity, sedentary behavior, and diet.

Methods: The Web of Science (WoS) Core Collection was searched to retrieve all existing and highly cited (as defined by
WoS) physical activity, sedentary behavior, and diet related eHealth and mHealth research papers published in English between
January 1, 2000 and December 31, 2016. Retrieved titles were screened for eligibility, using the abstract and full-text where
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needed. We described publication trends over time, which included journals, authors, and countries of eligible papers, as well as
their keywords and subject categories. Citations of eligible papers were compared with those expected based on published data.
Additionally, we described highly-cited papers of the field (ie, top ranked 1%).

Results: The search identified 4805 hits, of which 1712 (including 42 highly-cited papers) were included in the analyses.
Publication output increased on an average of 26% per year since 2000, with 49.00% (839/1712) of papers being published
between 2014 and 2016. Overall and throughout the years, eHealth and mHealth papers related to physical activity, sedentary
behavior, and diet received more citations than expected compared with papers in the same WoS subject categories. The Journal
of Medical Internet Research published most papers in the field (9.58%, 164/1712). Most papers originated from high-income
countries (96.90%, 1659/1717), in particular the United States (48.83%, 836/1712). Most papers were trials and studied physical
activity. Beginning in 2013, research on Generation 2 technologies (eg, smartphones, wearables) sharply increased, while research
on Generation 1 (eg, text messages) technologies increased at a reduced pace. Reviews accounted for 20 of the 42 highly-cited
papers (n=19 systematic reviews). Social media, smartphone apps, and wearable activity trackers used to encourage physical
activity, less sedentary behavior, and/or healthy eating were the focus of 14 highly-cited papers.

Conclusions: This study highlighted the rapid growth of the eHealth and mHealth physical activity, sedentary behavior, and
diet research field, emphasized the sizeable contribution of research from high-income countries, and pointed to the increased
research interest in Generation 2 technologies. It is expected that the field will grow and diversify further and that reviews and
research on most recent technologies will continue to strongly impact the field.

(J Med Internet Res 2018;20(4):e122)   doi:10.2196/jmir.8954

KEYWORDS

science; telemedicine; exercise; health behavior; health resources; food; publications; movement; trends; Internet

Introduction

Being regularly active, having a less sedentary lifestyle, and
consuming a healthy diet has many benefits for physical health,
mental health, and well-being [1-3]. This is widely known, and
the World Health Organization, the United Nations as well as
many governments are committed to promoting these health
behaviors [4]. Despite this, many people are not sufficiently
active, are too sedentary, and/or do not adhere to dietary
recommendations [5-7]. The negative consequences of the high
prevalence of unhealthy behaviors are enormous for the
individual, health care systems, and economies [1,6,8].

New technologies have been put forward as a cost-effective
means to deliver behavioral health interventions and, as a result,
prevent noncommunicable diseases (NCD) [9-12]. This is
conceivable considering that the availability and personal use
of information and communication technologies has increased
significantly over the last two decades. Currently, 95% of the
world population is covered by a mobile-cellular network and
84% is covered by a mobile-broadband network [13]. Although
the Internet is still only accessible to 47% of the world
population, access to the World Wide Web and smartphone
usage across the globe is continuing to increase rapidly [13,14].
As such, there has been a rise in electronic health (eHealth) and
mobile health (mHealth) related research for physical activity,
sedentary behavior, and diet [10].

Thus far, eHealth and mHealth research related to physical
activity, sedentary behavior, and diet has been summarized in
several studies that focused on use and effectiveness of different
technologies such as mobile phone and/or SMS (short message
service) text messaging [15-18], digital games [19,20], the
Internet [21-23], smartphone and/or tablet applications [24-28],
social media [29], gamification features [30], and fitness trackers
[31,32]. Other reviews in the field focused on specific

populations such as children and adolescents [33,34], adults
[35], older adults [36], overweight and obese adults [37,38],
cancer survivors [39], patients with cardiovascular disease [40],
and people residing in upper-middle, lower-middle, or
low-income countries [41]. In addition, an international
workshop addressed how eHealth and mHealth interventions
should incorporate psychological theory and behavior change
techniques in their design [42].

Although these studies summarized important aspects of the
eHealth and mHealth research field related to physical activity,
sedentary behavior, and diet, no attempt has been made to map
out the entire field in a systematic manner. A bibliometric study
uses publication-related information such as citations, journals,
authors, and keywords to gain a bird's eye view of a field [43].
Bibliometric studies that summarized the research landscape in
various fields have generated valuable insights [43-47] revealing
the stage of maturity and growth of a research area, who and
where the researchers are that drive the field, which journals
are most prominent, and what kind of research is being
conducted. This is especially useful in a relatively new research
area such as eHealth and mHealth.

The purpose of this study is to examine the eHealth and mHealth
research field related to physical activity, sedentary behavior
and diet from its infancy until the end of 2016, and provide an
overview of highly-cited papers which have considerably
contributed to the maturation of the field. This will help
researchers better position their work.

Methods

Search Strategy
We opted for using the Web of Science (WoS) Core Collection
(Clarivate Analytics, USA) because it provides many
bibliometric indicators and includes literature from most
disciplines. We developed a search strategy in an iterative
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manner starting from search terms used in published reviews
and literature already known to us. We refined the search
strategy by screening the titles of the most accessed papers listed
at websites of journals that publish in the research field, and the
titles of all publications of 6 researchers from different countries
that are highly active in the field (see Multimedia Appendix 1).

The final search was conducted on April 26, 2017 to ensure all
relevant papers that were published between January 1, 2000
and December 31, 2016 were registered in the WoS Core
Collection. We used 146 search terms related to (1) physical
activity, sedentary behavior, and diet and (2) use of technology
(eg, smartphone, Web). Terms were combined with Boolean
Operators (“OR” within the two search domains, “AND”
between the two search domains). We restricted the search to
publications in English and did not search for book chapters,
conference proceedings, book citation indexes, and chemical
indices (see Multimedia Appendix 2 for the full search strategy).

A second search using the same terms was conducted in which
we only retrieved papers that WoS marked as “highly cited.”
WoS defines “highly cited” as being ranked within the top 1%
compared with all other papers in terms of citation count in the
same year and research field [48], suggesting highly-cited papers
exert strong impact on the field.

The results of the two searches were exported to Microsoft Excel
2016 for screening.

Screening of Search Results
We included all journal papers on eHealth and mHealth research
related to physical activity, sedentary behavior, and/or diet
(including proxies, eg, weight management). They
comprisedeHealth and mHealth intervention studies; papers on
the components or characteristics of eHealth and mHealth (eg,
use of theory in apps); papers on the relationship between
technology use and the health behaviors, validation studies of
consumer-based assessment tools (eg, Fitbit); and papers on the
development of eHealth and mHealth interventions targeting
physical activity, sedentary behavior, and/or diet. Reviews,
protocols, editorials, commentaries, and original research papers
were eligible to gain a comprehensive picture of the field. We
excluded papers that were not related to the field (eg, biology
papers); reported that technology was only used for data
collection (eg, Web-based surveys) or the delivery of education
without trying to change behavior (eg, nutrition science course);
or were related to validation of research-grade assessment
technologies (eg, ActiGraph accelerometers). The detailed
screening guide is presented in Multimedia Appendix 3.

We had earlier piloted the screening procedure. Coauthors
screened the same set of 20 papers (selected at random from
preliminary searches) using a protocol that described the
inclusion and exclusion criteria and a tutorial video. The video
introduced the overall concept of a bibliometric study compared
with a systematic review and detailed the inclusion and
exclusion criteria with examples to illustrate how they should
be applied [49]. Coauthors indicated whether they would include
or exclude a paper or were unsure, while consulting the video,
abstract, and full-text upon demand.

Seven trained coauthors (AMM, CAM, CV, MH, MLL, ADS,
and PAW) each received a unique set of papers for title
screening with optional screening of the abstract and full-text.
As in the pilot phase, they chose “include,” “exclude,” or the
option “unsure.” Papers marked as unsure were screened by
four of the authors (AMM, CAM, CV, and PAW) and discussed
until consensus was reached.

Bibliometric Analysis
We computed the (compound) growth rate of publications over
time. This was done by raising the ratio of the number of
publications in 2016 over those in 2000 to the power of 1/16,
after which we subtracted one and multiplied by 100:

We calculated the citation rate by dividing the number of
citations per publication by the time since publication until
December 2016, and expressed this per year. The citation rate
does not depend on time since publication and is therefore a
more precise measure of a paper’s research impact than raw
citation counts [50,51]. Because citation counts and citation
rates are usually not normally distributed [47,52], we reported
medians and interquartile ranges when studying their
distributions.

Citation trends for physical activity, sedentary behavior, and
diet related eHealth and mHealth research were studied between
2007 and 2016 because our analyses made use of published
citation rates [53] that are only available over the most recent
10 years. We normalized the citation data for eligible papers by
considering the WoS subject category and year in which a paper
was published in two ways. First, we assessed the number of
papers that occurred within each combination of WoS subject
category and publication year among the papers included in our
analysis. For each combination of WoS subject category and
publication year separately, we multiplied the number of papers
by the citation rate derived from the InCites Essential Science
Indicator database on June 14, 2017 [53] to obtain the expected
number of citations. After summing across WoS subject
category, we obtained the total number of expected versus
observed citations per year. Second, we compared the number
of citations in each year and WoS subject category to
corresponding published citation thresholds [53]. This yielded
annual percentile scores that indicate the fraction of physical
activity, sedentary behavior, and diet related eHealth and
mHealth research articles within the top 10%, 20%, and 50%
of all articles from the WoS subject categories represented by
eligible papers in our search.

We explored the journals and authors who published most papers
on eHealth and mHealth related to physical activity, sedentary
behavior, and diet, along with the publication output of
countries. We used WoS subject categories to count subject
fields of papers. For the author analysis, we calculated 2 metrics
using data within our dataset only: The h-index is the number
of eligible papers of an author that were cited at least h times
each (eg, an author with an h-index of 17 has at least 17 papers
that were cited at least 17 times each) [54]. The g-index is the
unique largest number of top cited eligible papers of an author

that together received at least g2 citations (eg, the 17 top cited
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articles of an author with a g-index of 17 have at least 289
citations jointly) [55]. Countries were classified based on income
as defined by the World Bank in 2017 [56].

To analyze the content of our dataset in more detail, we
classified eligible papers into categories representing the studied
exposure, technology, study population, setting, and
methodology used. We did so by searching the title words and
keywords identified by the author or by WoS editorial staff for
occurrences of relevant terms. We defined the classification
search terms using the agreed literature search strategy and the
identified keywords in the eligible papers as starting point. The
titles and keywords of the papers classified into each category
were then double-checked by hand, as were those of all papers
that were not classified into any or only a single category. This
resulted in a refinement of the classification terms. This process
was repeated until no inconsistencies were found. Using the
final categorization reported in Multimedia Appendix 4, papers
related to the Internet, (mobile) phone, SMS text messages,
telehealth, and personal digital assistants were then classified
as Generation 1, whereas papers on apps, wearable trackers,
exergames, and social media were classified as Generation 2.
Papers including both technologies were classified into
Generation 2.

For the highly-cited papers, we also analyzed the papers based
on their core content. These analyses were conducted
independently by 2 coauthors (AMM and AM). They agreed
on the descriptions of the paper’s core content by also using
NVivo 11 (QRS International Pty Ltd, Doncaster, Australia).

We conducted descriptive analyses using Microsoft Excel
version 2016 and the Bibliometrix package version 1.7 [57] for
R version 3.3.3 (Vienna, Austria) [58]. We used Stata/SE version
14.2 (College Station, TX, USA) for keyword analysis.

Results

Results of the Search
Figure 1 displays the flow of the search and screening procedure.
The search resulted in 4805 hits. Of these, 336 were duplicates
or conference contributions. Their exclusion led to 4469 papers
to be screened. A total of 1712 papers were included in the final
bibliometric analysis (Multimedia Appendix 5), 42 of which
were highly cited.

Overall Trend
The number of papers on eHealth and mHealth related to
physical activity, sedentary behavior, and diet increased steeply
over the 17-year period (mean increase: 26% per annum). The
period between 2014 and 2016 accounted for 49.00% (839/1712)
of all papers (Figure 2).

The 1712 papers received 31,505 citations (median 7 per paper;
interquartile range 18.5). Of the 1712 papers, 266 were not cited
(15.54%), while 715 (41.67%) received 1 to 9 citations, 692
received 10 to 99 citations (40.42%), and 39 received 100 or
more citations (2.28%). Overall, each paper received a median
number of 2.0 citations per year (interquartile range 4.0).

Figure 1. Screening flowchart.
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Figure 2. Publication output over time.

Compared with all papers from the same WoS subject
categories, the absolute number of citations was higher than
expected for included papers (see Multimedia Appendix 6 for
the WoS subject categories of included papers) in all studied
years (ie, between 2007 and 2016; results not shown). However,
the ratio of the expected to observed citations declined from 2.6
(95% CI: 2.5-2.7) in 2007 to 1.8 (95% CI: 1.6-2.0) in 2016.
Half of the eHealth and mHealth papers related to physical
activity, sedentary behavior, and diet remained in the top 50%
cited papers across same WoS subject categories. However, the
proportion of papers in the top 20% declined from 0.6 to 0.3
between 2007 and 2016 (Figure 3).

Journals and Their Subject Categories
Overall, the papers were published by 471 different journals.
As Table 1 shows, the Journal of Medical Internet Research
published the most papers (9.58%, 164/1712 papers) followed
by BMC Public Health (4.15%, 71/1712) and the Games for
Health Journal (3.27%, 56/1712). The Journal of Medical
Internet Research was also the highest cited journal and
accounted for 13.48% of all citations in the field (n=4247
citations of 31,505 over the 17-year period). The American
Journal of Preventive Medicine (9.37%, 2951/31,505) and

Annals of Behavioral Medicine (4.64%, 1461/31,505) received
the second and third highest number of citations, respectively.

In WoS, papers can be assigned to multiple subject categories.
The papers included in this study were assigned to a total of
2797 WoS subject categories, of which 104 subject categories
were unique. Table 2 shows the breakdown of subject categories
present in the dataset, with only the top 10 categories shown.
Throughout the years, the number of papers in journals from
most fields gradually increased. However, the number of papers
published in rehabilitation, health care science & services, health
policy & services, as well as in medical informatics journals,
increased more markedly from 2012. The number of papers
published in psychology journals doubled between 2015 and
2016 (see Multimedia Appendix 6).

Authors
In total, 5654 authors contributed to the 1712 papers (median
number of authors per paper 5, interquartile range 4). The top
10 authors (Table 3) contributed to 298 papers (17.41% of all
papers). Vandelanotte C contributed to most papers (n=43)
followed by Brug J (n=34), De Bourdeaudhuij I (n=31), and
Oenema A (n=31). Vandelanotte C and Marcus B were in the
top 10 of all characteristics listed in Table 3, and Brug J in all
but first authorship papers.
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Figure 3. Distribution of physical activity, sedentary behavior, and diet related electronic health (ehealth) and mobile health (mHealth) research papers
that were in the top 10%, 20%, 50%, and 100% cited among all papers from the same Web of Science (WoS) subject categories by year of publication.

Countries
As the country of the corresponding author usually indicates
where the research originated, we could also analyze the origin
of the research that was published in the field. Corresponding
authors were from 46 countries (see Multimedia Appendix 7).
Most papers were published by authors from the United States
(n=836, 48.83% of all published papers) followed by authors
from Australia (n=195, 11.39%) and the Netherlands (n=125,
7.30%). Overall, 96.90% (n=1659) of all papers published were
authored by researchers from high-income countries. Of the
remaining 53 papers, 45 were published by authors from 9
upper-middle income countries: China (n=21), Malaysia (n=7),
Iran (n=4), Brazil (n=3), Turkey (n=3), Thailand (n=2), Lebanon
(n=2), Romania (n=2), and Mexico (n=1). Papers published by
authors from lower-middle income countries accounted for only
0.005% of all papers and came from India (n=4), Pakistan (n=1),
Nigeria (n=1), Egypt (n=1), and the Philippines (n=1). Similar

patterns appeared when considering coauthorship or first authors
instead of corresponding authors (data not shown).

Keywords
Authors specified a total of 2448 different keywords across
papers. After also adding the keywords specified by WoS
editors, this resulted in 4283 unique keywords. The number of
keywords per paper varied widely (median 12, interquartile
range 6). A total of 43 papers lacked specification of any
keywords. The keywords that were most used reflected the
exposure (eg, “physical-activity”), the general topic (ie,
“health”), the study design (eg, “randomized controlled-trial”),
or the population (eg, “adults”). Several of the keywords,
including commonly used ones, were uninformative by
themselves (eg, “risk,” “program”). We were able to use the
keywords in combination with title words to classify the content
of the paper into categories.
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Table 1. Journals publishing most papers in physical activity, sedentary behavior, and diet electronic- and mobile health (eHealth and mHealth) research
(top 20).

5-year

impact

factora

Impact

factor

2016a

Citation count

(N=31,505),

n (%)

Rank based on

total citations

received from

any journal

Papers

published

(N=1712),

n (%)

Rank based on

total output

Journals

5.8355.1754247 (13.48)1164 (9.58)1Journal of Medical Internet Research

2.8142.265640 (2.03)771 (4.15)2BMC Public Health

2.2422.019307 (0.97)2156 (3.27)3Games for Health Journal

4.4634.636240 (0.76)2650 (2.92)4JMIR mHealth uHealth

5.4124.0202951 (9.37)240 (2.34)5American Journal of Preventive Medicine

5.8134.396529 (1.68)838 (2.22)6International Journal of Behavioral Nutrition and Physical
Activity

2.4392.491597 (1.89)1038 (2.22)6Journal of Nutrition Education and Behavior

3.7033.4341038 (3.29)429 (1.69)8Preventive Medicine

2.4001.946176 (0.56)3627 (1.58)9Journal of Physical Activity and Health

4.3583.8731032 (3.28)525 (1.46)10Obesity

2.1831.816781 (2.48)625 (1.46)10Health Education Research

3.3942.806238 (0.76)2824 (1.40)12PLoS One

2.1412.031174 (0.55)3724 (1.40)12Telemedicine Journal and E-Health

4.5082.9761461 (4.64)323 (1.34)14Annals of Behavioral Medicine

4.2523.435121 (0.38)4623 (1.34)14Computers in Human Behavior

2.3712.008372 (1.18)1723 (1.34)14Journal of Telemedicine and Telecare

N/AN/A79 (0.25)6823 (1.34)14JMIR Research Protocols

3.0422.429374 (1.19)1621 (1.23)18Patient Education Counseling

2.8832.989221 (0.70)3319 (1.11)19Translational Behavioral Medicine

2.2802.586361 (1.15)1817 (0.99)20American Journal of Health Promotion

aObtained from InCites Journal Citation Reports (Clarivate Analytics).

Table 2. Number of papers published in journals within the top 10 leading Web of Science (WoS) subject categories. Each paper can be assigned to
multiple WoS subject categories (according to the categories specified at journal level).

Papers in journals within WoS subject

category (N=2797), n (%)

Different journals within WoS subject

category, n

WoS subject category

457 (16.34)70Public, environmental & occupational health

346 (12.37)32Health care sciences & services

247 (8.83)46Nutrition & dietetics

217 (7.76)53Psychology

214 (7.65)19Medical informatics

145 (5.18)30Medicine

103 (3.68)8Education & education research

96 (3.43)30Endocrinology & metabolism

94 (3.36)28Rehabilitation

78 (2.79)12Health policy & services
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Table 3. Top 10 most published authors in electronic health (eHealth) and mobile health (mHealth) physical activity, sedentary behavior, and diet
related research in either number of papers, first authored papers, citations, h-or g-index.

g-indexa (rank)h-indexa (rank)Citations, n (rank)First authored papers, n (rank)All papers, n (rank)Author

37 (1)17 (2.5)1379 (3)13 (1)43 (1)Vandelanotte C

34 (2)19 (1)1666 (1)2 (180)34 (2)Brug J

31 (3)12 (9)980 (5)3 (71)31 (3.5)Oenema A

28 (5)16 (4.5)788 (9)2 (180)31 (3.5)De Bourdeaudhuij I

29 (4)16 (4.5)1089 (4)7 (4)29 (5.5)Marcus B

19 (12.5)11 (13)404 (31)1 (764.5)29 (5.5)De Vries H

26 (6)11 (13)696 (13)10 (2)27 (7)Thompson D

24 (7.5)11 (13)618 (17)4 (30)25 (8.5)Collins C

19 (12.5)10 (18.5)404 (31)5 (15)25 (8.5)Maddison R

24 (7.5)13 (7)669 (15)3 (71)24 (10)Morgan P

23 (9)17 (2.5)1512 (2)3 (71)23 (11)Tate D

21 (10.5)13 (7)869 (7)7 (4)21 (13.5)Eakin E

21 (10.5)11 (13)748 (10)6 (8)21 (13.5)Baranowski T

15 (21.5)13 (7)955 (6)0 (1677.5)15 (22.5)Owen N

aWithin our dataset only.

We classified 888 (51.87%) papers as studying Generation 1
technologies and 742 (43.34%) papers as studying Generation
2 technologies, with 82 (4.79%) papers being still unclassified.
Before 2014, studies on Generation 1 technologies were most
common. From 2014 onwards, studies on Generation 2
technologies were most common; their number steeply increased
between 2013 and 2016. Within this period, the number of
studies on Generation 1 technologies increased less markedly
(Figure 4). Vandelanotte C was the most common first author
of papers on Generation 1 technologies (n=11), followed by
Harvey-Berino J (n=6). Gao Z was the most common first author
of papers on Generation 2 technologies (n=7), followed by
Baranowski T (n=6).

Table 4 summaries the frequency of key study characteristics
of the included papers. Physical activity was the health behavior
most commonly targeted, followed by articles on weight and
diet. Most studies targeted children or adolescents, while fewer
focused on men and older adults. Multimedia and
computer-based technologies (other than mobile apps) were
most commonly studied, followed by studies focused on
gamification or games, wearable technology or self-monitoring,
or mobile apps or smartphones. Most studies were experimental
trials, followed by reviews and/or meta-analyses. Few studies
made use of creative or mixed methods.

Highly-Cited Papers
A table with all highly-cited papers can be found in Multimedia
Appendix 8.

The 42 highly-cited papers received a total of 4883 citations
(median 91, interquartile range 170) and were published between

2006 and 2016 across 19 journals. The American Journal of
Preventive Medicine (n=13) and the Journal of Medical Internet
Research (n=6) published most highly-cited papers.
Corresponding authors were from nine countries, with US-based
authors being the most common (n=20), followed by authors
from Australia (n=8) and the United Kingdom (n=5). Overall,
226 authors contributed to the 42 highly-cited papers (mean 5.2
authors per paper) with Vandelanotte C (n=5) and Brug J (n=4)
contributing to most highly-cited papers.

A systematic review and meta-analysis that reported on the link
between intervention characteristics and intervention
effectiveness on health behaviors (including physical activity
and diet) in Internet interventions had the highest citation rate
(79.5 citations per year) [59]. The authors included 85 studies
and found that more extensive use of theory, a higher number
of behavior change techniques and additional modes of
communication (especially, text messages) were associated with
larger effect sizes.

Of the 42 highly-cited papers, 20 were reviews of the literature,
of which 19 used a systematic review approach, (4 of which
also conducted a meta-analysis). A total of 13 papers reported
data from primary studies and most of these were experimental
trials such as randomized controlled trials (n=10); 8 studies
reported content analyses of various smartphone apps, and 1
study introduced an eHealth and mHealth intervention
development methodology. In terms of the technology used, 14
of the highly-cited papers studied Generation 2 technologies,
the majority of which related to social media, apps, or trackers
(n=11). Most of the highly-cited papers were published in 2013
or later.
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Figure 4. Number of published papers that studied Generation 1 technologies and Generation 2 technologies.
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Table 4. Description of the physical activity, sedentary behavior, and diet related electronic health (eHealth) and mobile health (mHealth) research
using expressions found in titles keywords of identified papers.

Papers related to the category (as identified

by its title or key words), n (%)a
Category

Modifiable factors

1236 (72.19)Physical activity

859 (50.18)Weight-related

621 (36.27)Diet or nutrition

169 (9.87)Sedentary behavior

Technology

906 (52.92)Multimedia and computer-based technologies other than mobile apps

302 (17.64)Gamification or games

251 (14.66)Wearable technology or self-monitoring

217 (12.68)Mobile apps or smartphones

191 (11.16)Telehealth

177 (10.34)Text message

89 (5.20)Social media or marketing

Populations

555 (32.42)Adults

406 (23.71)Adolescents or youth

400 (23.36)Children or infants

188 (10.98)Older adults

240 (14.02)Women

12 (0.70)Men

Setting

180 (10.51)School or university

67 (3.92)Workplace

73 (4.26)Community

48 (2.80)Low- or middle-income countries, or low-income settings

37 (2.16)Family

Research methodology/focus

813 (47.49)Experimental trial

281 (16.41)Review and/or meta-analysis

224 (13.08)Qualitative study

124 (7.24)Observational study

77 (4.50)Costs (including cost-effectiveness and financial incentives)

31 (1.81)Creative methods or designs

10 (0.58)Mixed methods (including Delphi studies)

aTerms are not mutually exclusive. We used text search to obtain the above categorization, which resulted in a hit if any part of the title or the author-defined
and WoS-defined keywords had a specific phrase or word (see methods section and Multimedia Appendix 4). The presented values should thus be used
as good indicators rather than absolute values.
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Discussion

Principal Findings
The purpose of this paper was to examine the entirety of the
eHealth and mHealth research field related to physical activity,
sedentary behavior, and diet using bibliometric data. We
observed a substantial growth of research output in the field
with most papers being published in recent years.

An exponential growth pattern has been observed across all
research disciplines. For example, there is a 2.3% increase in
scientific publications per annum leading to a doubling of the
publication volume every 24 years [60]. If the overall growth
rate we observed also applies to the future, we can expect the
publication volume in the physical activity, sedentary behavior,
and diet related to eHealth and mHealth research field to double
about every 4 years. This strong growth of research output may
reflect the fast development, wide availability, and increased
functionality and importance of modern technology in people’s
daily lives. With this, opportunities to use these technologies
to address behavioral health arise frequently. Across the world,
researchers from various disciplines work on exploiting these
new opportunities to understand and ultimately improve
behavioral health. New intervention designs, methods, and
analysis strategies are being developed [61-64]. We expect that
these novel research initiatives will be widely disseminated in
the scientific literature, which will likely lead to an increase in
the research output. Compared with the entire body of research
within the same WoS subject categories, eHealth and mHealth
research related to physical activity, sedentary behavior, and
diet was more frequently cited than expected. This likely signals
an overall interest in the field.

The open access journals Journal of Medical Internet Research
and BMC Public Health are the most popular outlets for
researchers in this field. The Journal of Medical Internet
Research was also the leading journal in an earlier bibliometric
study that examined the overall mHealth literature [43]. The
leading journals by citation count represent both open-access
and nonopen access journals, with the Journal of Medical
Internet Research receiving most and the American Journal of
Preventive Medicine receiving the second most citations,
respectively. Journals that publish open access enjoy a citation
advantage in terms of speed of building up citations and overall
citation count [65,66]. However, the size of this effect seems
to be field-specific, which might explain why many nonopen
access journals that publish physical activity, sedentary behavior,
and diet eHealth and mHealth papers also accumulated a high
number of citations [67,68]. The ranking of citation counts per
journal is only a crude approximation of a journal’s impact, as
journals that publish more papers enjoy more opportunities to
receive citations.

While eHealth and mHealth research related to physical activity,
sedentary behavior, and diet is maturing rapidly in many
high-income countries, the research output of non-high-income
countries is still meager. Only 3% of all papers were from
upper-middle or lower-middle income countries. None of these
countries published many papers in the English language
journals included in WoS. It is possible that more papers are

published in a local language or in journals not included in WoS.
Nonetheless, this observation is unsatisfying, considering that
(1) fast globalization and urbanization in many upper-middle
and lower-middle income countries is related to reduced physical
activity and unhealthy diets, which is associated with an
unprecedented rise in NCDs seen in many of these countries
[5,69,70] and (2) the (mobile) technology infrastructure is
improving rapidly, implying that technology could be used
effectively in settings with limited health care resources [71].
Although research in high-income countries is important, the
largest public health impacts could be generated in
upper-middle, lower-middle and low-income countries where
about 80% of the world population lives. There are signs that
physical activity and diet research is slowly increasing in some
of these countries [72]. This is promising because resulting
findings can be used to address these health behaviors at scale
[41,71,73]. However, barriers related to funding, prioritization,
research capacity and infrastructure, and language need to be
overcome.

Although research related to relatively older Generation 1
eHealth and mHealth technologies (eg, Internet, SMS text
messages) accounted for most papers in the field, its annual
growth rate was 20.0% compared with 40.4% for research using
Generation 2 technologies such as smartphone apps and
wearables. This might indicate that the interest in Generation
1 technologies in the research field is slowly declining as
researchers and funding agencies prioritize Generation 2
technologies. The trend of using the newest technologies to
address health behaviors is expected to continue, but whether
these technologies have a meaningful and long-lasting impact
on people’s physical activity, sedentary behavior, and dietary
habits needs to be seen [10]. Although, there are many
arguments to be made for exploring very recent technologies,
it is important to consider that these are currently often only
available to a limited group of people. In addition, technologies
may lose their appeal after a short time or are simply replaced
by even newer technologies. These realities present barriers to
achieving large-scale and sustainable public health impact with
a specific technology.

We also found that most papers in the field were on physical
activity compared with sedentary behavior and/or diet. That
physical activity research is more common than research on
dietary behaviors has been seen in the literature before [74,75].
Research on sedentary behavior is only a recent development
as it was previously not distinguished from physical inactivity;
a clear operationalization was only published recently [76].
Hence, to date, not many researchers have conducted eHealth
and mHealth studies targeting sedentary behavior. Currently,
only one review on eHealth and mHealth intervention studies
targeting sedentary behavior exists [35].

We identified 42 highly-cited papers, which exert a strong
influence on the field. These papers may be a resource for those
less familiar with the field. The largest proportion of the
highly-cited papers employed a systematic review approach to
provide an overview of certain subfields. Systematic reviews
and meta-analyses attract a high number of citations [77] as
they are at the top of the evidence hierarchy in health-related
subjects [78]. They are also important for researchers, policy
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makers, and practitioners alike. Intervention studies, such as
randomized controlled trials, were also highly cited. However,
their influence may decrease when more such studies in a
specific area (eg, SMS text messaging interventions) accumulate
and systematic reviews become available.

Strengths and Limitations
The strength of this paper is that it provides a comprehensive
overview of the eHealth and mHealth research field related to
physical activity, sedentary behavior, and diet. To capture all
relevant papers, we consulted the literature, discussed search
terms, executed pilot searches, and refined our search before
conducting the final search (with almost 150 search terms). We
were similarly systematic in our paper-screening procedure.
With this, we are confident that we have identified most eHealth
and mHealth research papers related to physical activity,
sedentary behavior, and diet.

We conducted a keyword analysis in combination with a title
search to gain an insight into the studied exposures,
technologies, populations, settings, and used methodologies.
Because we did not confirm the obtained classification by
retrieving the full-text, the number of papers for each category
and subcategory we reported remains an estimate. However,
this method allowed us to form an impression of the type of
eHealth and mHealth research on physical activity, sedentary
behavior, and diet that has been conducted between 2000 and
2016. Using keywords that are often used in a field is beneficial
because others who consult databases to identify relevant
research are likely to use these terms [79]. If authors use
common keywords for their papers, database users are more
likely to discover their work. This will also increase publication
impact. Finally, in addition to providing an overview of the
overall research in the field, we identified and analyzed
highly-cited papers and highly published authors. This is
important considering that, across all fields, only a small number
of papers and authors determine the direction of a field [47,52].

Despite these strengths, limitations of our work need to be
acknowledged. First, we only obtained papers from journals
indexed by a single database—WoS. However, WoS is a large
database that offers a wide variety of publication metrics that
were vital for our analyses. Additionally, WoS only includes
journals that meet certain criteria (eg, timely publishing,
innovation, international diversity) to ensure high quality (more
than 12,500 journals are currently indexed). Despite likely
having excluded eligible papers in journals not included in WoS,
we obtained papers from high-quality international journals that
are the most influential source of scientific communication [52].
Using other databases such as Scopus could be explored in
future studies. Second, we may have missed some papers that
do not use informative keywords in the title as we did not search
terminology used in abstracts. We did not review reference lists

of eligible papers or their citations to identify any potentially
missing papers. This, however, limited the (probably large)
number of false positive results in our search. Third, we did not
include gray literature (ie, conference proceedings, books, or
other types of publications that are not journal papers), and we
did not include papers published in languages other than English.
Because of this, we may have missed relevant conference papers
from fields such as human-computer interaction, computing,
and engineering. Fourth, citation counts and their ranking should
be interpreted with caution. Publication and citation habits vary
between and even within fields [52]. The papers obtained for
our bibliometric analysis were published in a variety of journals,
and these journals are generally grouped under many subject
categories (by WoS). Even though we considered the expected
number of citations for each paper given its publication year
and subject category when comparing citation trends over time,
our approach remains an approximation: subject categories
specified by WoS are assigned at journal level and may not
reflect the field of every paper published in that journal. In
addition, the citation counts we derived from WoS include
self-citations, which may have influenced some of the rankings.

Finally, we have exclusively evaluated the scientific research
literature and have identified trends that mainly concern
scientific discovery, which will likely impact new research
efforts. Therefore, the broader impact of the research outside
of academia (eg, on public health, policy) cannot be deduced.
Measuring and proving the societal impact of research is
essential but difficult, mainly because this impact becomes
usually only apparent in the far future and there are no
agreed-upon measures to capture impact [80]. However,
developments of measuring and analyzing impact beyond the
scientific community are underway. One promising group of
metrics that can be used are Altmetrics that measure the public
engagement with research [81,82].

Conclusions
In this paper, we provided a bird's eye view of the research on
eHealth and mHealth related to physical activity, sedentary
behavior, and diet. Our analysis of 1712 papers published
between January 2000 and December 2016 showed that research
output is increasing rapidly; a trend that appears likely to
continue. The Journal of Medical Internet Research was
highlighted as the primary outlet for research in the field.
Despite the many promising developments, research in
upper-middle, lower-middle, and low-income countries is still
scant. More research in such settings is needed to examine the
public health impact of eHealth and mHealth interventions on
physical activity, sedentary behavior, and diet where needed
the most. Systematic reviews and papers that report on recent
technologies (mainly smartphone apps) exert a strong impact
on the field and their influence will likely remain high in the
future.
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Abstract

Background: Parenting a child through cancer is a distressing experience, and a subgroup of parents report negative long-term
psychological consequences years after treatment completion. However, there is a lack of evidence-based psychological interventions
for parents who experience distress in relation to a child’s cancer disease after end of treatment.

Objective: One aim of this study was to develop an internet-administered, cognitive behavior therapy–based, psychological,
guided, self-help intervention (ENGAGE) for parents of children previously treated for cancer. Another aim was to identify
acceptable procedures for future feasibility and efficacy studies testing and evaluating the intervention.

Methods: Participatory action research methodology was used. The study included face-to-face workshops and related Web-based
exercises. A total of 6 parents (4 mothers, 2 fathers) of children previously treated for cancer were involved as parent research
partners. Moreover, 2 clinical psychologists were involved as expert research partners. Research partners and research group
members worked collaboratively throughout the study. Data were analyzed iteratively using written summaries of the workshops
and Web-based exercises parallel to data collection.

Results: A 10-week, internet-administered, cognitive behavior therapy–based, psychological, guided, self-help intervention
(ENGAGE) was developed in collaboration with parent research partners and expert research partners. The content of the
intervention, mode and frequency of e-therapist support, and the individualized approach for feedback were modified based on
the research partner input. Shared solutions were reached regarding the type and timing of support from an e-therapist (eg, initial
video or telephone call, multiple methods of e-therapist contact), duration and timing of intervention (eg, 10 weeks, 30-min
assessments), and the removal of unnecessary support functions (eg, removal of chat and forum functions). Preferences for study
procedures in future studies testing and evaluating the intervention were discussed; consensus was not reached for all aspects.

Conclusions: To the best of our knowledge, this study is the first use of a participatory action research approach to develop a
psychological intervention for parents of children previously treated for cancer and to identify acceptable study procedures.
Involvement of parents with lived experience was vital in the development of a potentially relevant and acceptable intervention
for this population.

(J Med Internet Res 2018;20(4):e133)   doi:10.2196/jmir.9457
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Introduction

Background
Although majority of the children diagnosed with cancer survive
their disease [1], childhood cancer impacts the entire family
from cancer diagnosis to survivorship [2]. For parents, a child’s
treatment completion represents an important milestone, but it
also represents a period of psychological vulnerability [3,4].
Indeed, a subgroup of parents report negative long-term
psychological consequences years after completion of treatment
[4-6]. However, currently, there is a lack of evidence-based
psychological interventions for parents who experience distress
in relation to a child’s cancer disease after end of treatment.
Recently published clinical guidelines, outlining how children
diagnosed with cancer and their family members should be
cared for, recommend referrals to appropriate psychosocial and
therapeutic support into long-term survivorship [7]. Despite
these recommendations, we have recently shown that subgroups
of parents report an unmet need of psychological support after
end of treatment [8]. Furthermore, although face-to-face
cognitive behavior therapy (CBT) shows promise in decreasing
post-traumatic stress symptoms (PTSS), depression, and anxiety
among parents of children previously treated for cancer
(personal communication by L Ljungman, 2017-10-23),
challenges remain regarding provision of psychological support
to those parents of children previously treated for cancer who
need such support. Indeed, our recent findings showing an unmet
need of psychological support among parents of children
previously treated for cancer [8] are in line with findings from
one study in Australia showing that formal psychological
support was difficult to access and rarely received by parents
after cancer treatment completion [9]. This study concluded
that factors related to staff availability, models of assessment
and delivery of services, and size and location of pediatric cancer
centers may hinder the provision of support.

Provision of CBT via the internet may increase access to
psychological support and may be an alternative for parents of
children previously treated for cancer. One previous study has
shown high acceptability and feasibility of a Web-based,
group-based, CBT intervention, delivered “live” by a
psychologist, for parents following cancer treatment completion
[10]. In a randomized controlled trial (RCT), we have shown a
Web-based psychological self-help intervention to be effective
in reducing PTSS, depression, and anxiety among parents of
children recently diagnosed with cancer [11], with improvements
maintained at 1-year follow-up [12]. This RCT was initiated in
2010, and the intervention, although Web-based, utilized few
technological features, as it provided material in the form of
PDF files and secure written communication between the
participant and therapist. During this trial, challenges, such as
low enrolment rate and considerable attrition, were identified
[11,12]. Factors to enhance inclusion and retention rates such
as end-user involvement when developing interventions and
study procedures to test and evaluate interventions for parents
of children with cancer have been suggested as essential next
steps for intervention research [13]. Furthermore, others have
put forward that internet-administered, CBT-based, self-help
interventions should be developed with the target population in

mind [14]. Indeed, poorer levels of acceptability have been
found for internet-administered interventions not developed for
and tailored toward specific populations [15]. Additionally,
research suggests recruitment and adherence rates may be
improved if the perspective of the population is adopted [16].

Objective
Due to previous findings [4-6,8] as well as challenges with
recruitment and attrition when offering parents psychological
support during the child’s treatment, it was decided to focus
subsequent research on parents later during their child’s disease
trajectory, specifically after the end of treatment. Building on
our group’s previous work with this population (personal
communication by L Ljungman, 2017-10-23) [4,5], representing
the Medical Research Council (United Kingdom) phase I
(development) research [17], this study adopted a participatory
action research (PAR) approach [18]. One aim of this study was
to develop an internet-administered, CBT-based, psychological,
guided, self-help intervention (ENGAGE) for parents of children
previously treated for cancer. Another aim was to identify
acceptable procedures for future feasibility and efficacy studies
testing and evaluating the intervention.

Methods

Design and Setting
The study was carried out according to PAR, which is a
collaborative process of knowledge production and colearning,
placing people with lived experience at the center of the process
[18]. A group of people with lived experience of parenting a
child previously treated for cancer were involved as parent
research partners (PRPs) and took part in 8 workshops and
related Web-based exercises. The study was carried out at
Uppsala University, Uppsala, Sweden, and was conducted over
an 8-month period during 2016 on weekday evenings based on
PRPs’ preferences. An additional workshop was carried out
during this period with 2 expert research partners (ERPs), both
clinical psychologists and experts in internet-administered
psychological interventions. Ethical approval was granted by
the regional ethical review board in Uppsala, Sweden (Dnr:
2015/426).

Research Partners

Parent Research Partners
Eligible PRPs were the ones who (1) lived near Uppsala (≤100
km), (2) spoke Swedish, (3) were a parent of a child previously
treated for cancer, and (4) had experienced or were experiencing
psychological distress related to the child’s cancer disease.
Current severe psychological distress (eg, symptoms of a severe
and enduring mental health difficulty, misuse of alcohol or
drugs, acutely suicidal) excluded parents from participation.
Parents of children previously treated for cancer who had
participated in our group’s previous intervention research
[11,12] (personal communication by L Ljungman, 2017-10-23)
were invited strategically via letter and a telephone call,
considering variation in gender and socioeconomic status. If 2
parents of 1 child had participated in a previous study, then only
1 parent was invited. This was to avoid overrepresentation of
1 family’s experience in the group, and to achieve an open
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discussion environment, which may have been influenced by
the presence of one’s partner. In addition, information about
the study was posted on the Swedish Childhood Cancer
Foundation Website and the Swedish Childhood Cancer
Association Middle-Sweden Facebook page to increase
awareness of the study, including an open invitation to
participate in the study. The sample consisted of 6 parents, 5 of
whom had participated in our previous intervention research.
PRPs participated outside their regular working hours and were
reimbursed for time (fixed amount for workshops and
Web-based assignments completed) and travel expenses at the
end of the study.

Parent Research Partner Characteristics
All eligible parents who provided informed written consent
were included as PRPs (4 mothers, 2 fathers). All PRPs reported
living with a partner and the majority (n=4) reported having
completed a university degree. Their mean age was 50 years
(SD 3), the child’s average age when diagnosed was 9.1 years
(SD 4), and mean time since end of treatment was 5 years (SD
3). On average, the PRPs completed an average of 5 workshops
(of 8) and 7.8 Web-based exercises (of 8).

Expert Research Partners
Two clinical psychologists with expertise in development and
clinical use of internet-administered CBT programs were
involved as ERPs. One of the ERPs had extensive experience
of working with children and their family members. The ERPs
were reimbursed for time spent reviewing the materials and
participating in the ERP workshop and travel expenses.

Aspects of the Intervention and Procedures for Future
Studies Set at the Start of the Study
Some aspects regarding the intervention and procedures were
preset before the start of the study by the research group and
communicated to the PRPs and ERPs. First, the intervention

should be informed by evidence-based knowledge concerning
psychological distress experienced by parents of children treated
for cancer and conceptualization and treatment of this distress
[4,5,11,12] (personal communication by L Ljungman,
2017-10-23). Second, the intervention should be delivered via
the U-CARE portal (Portal). The Portal is a secure infrastructure
developed by our research group and includes functions such
as log-in via bank-issued electronic identification; provision of
internet-administered, guided, self-help material; communication
between participants and e-therapists via internal messages and
homework reports; video calls; collection of questionnaire data
at predefined observation points; logging of participant behavior;
Web-based library; participant chat; forum; diary; and a question
and answer (Q&A) function. Third, the procedures should be
possible to carry out considering the available resources and
should follow national ethical research regulations.

Procedure

Workshops and Web-Based Exercises With Parent
Research Partners
Table 1 shows an overview of the PAR process. The workshops
with PRPs were facilitated by one parent of a child previously
treated for cancer with professional experience of teaching, MSc
in English (coauthor HB), and one PhD student, MSc in Clinical
Psychology (coauthor LK). The facilitators were responsible
for constructing the Web-based exercises and materials used,
taking meeting notes during the workshops, facilitating
discussions, and reviewing study materials. After each
workshop, HB and LK reflected upon the process with members
of the research group (coauthors MC, LvE, HG, and AW).
Collaboration with PRPs included 8 workshops and related
Web-based exercises. Workshops were carried out in person,
and Web-based exercises were carried out individually via the
Portal. Each workshop had a predefined theme to focus the
discussions.

Table 1. Collaboration process, workshop overview, and research partner activity carried out during May to December 2016. CBT: cognitive behavior
therapy; PRP: parent research partner.

Workshop 8Workshop 7Expert research

partner workshop

Workshops 5 and
6

Workshops 3 and 4Workshop 2Workshop 1Content

EvaluationPrototypeTreatment manu-
al

Study proceduresInterventionInitial engage-
ment

WelcomeTopic

Summary and
evaluation of
participatory ac-
tion research
process

Reviewing and
refining a treat-
ment prototype
and materials

Reviewing and
refining a treat-
ment manual;
Discussion of
manual and draft
module

Discussion of pros
and cons of ran-
domization and ac-
ceptable study pro-
cedures

Discussion of modes
of delivery and sup-
port functions; Refin-
ing a CBT model

Discussion of
opportunities
and barriers for
initial engage-
ment

Establishing
contact;

Presenting the
study context

Activities

Completed by 6
PRPs

Completed by 5
PRPs

NoneCompleted by 6
PRPs

Completed by 6
PRPs

Completed by 6
PRPs

NoneWeb-based

exercises

2 workshop fa-
cilitators; 2 re-
searchers; 6
PRPs

2 workshop fa-
cilitators; 5
PRPs

2 expert research
partners; 5 re-
searchers

Workshop 5: 2
workshop facilita-
tors; 3 PRPs

Workshop 6: 2
workshop facilita-
tors; 4 PRPs

Workshop 3: 2
workshop facilita-
tors; 2 PRPs

Workshop 4: 2
workshop facilita-
tors; 4 PRPs

2 workshop fa-
cilitators; 3
PRPs

2 workshop fa-
cilitators; 2 re-
searchers; 4
parent research
partners (PRPs)

Present at

workshop

December 2016November 2016September 2016June 2016May 2016May 2016May 2016Time-frame
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Workshops 2 to 7 and Web-based exercises were conducted in
an iterative manner, including the presentation of repeated
written process summaries from the previous workshop to be
reviewed and discussed with PRPs at the beginning of each
subsequent workshop. During the first workshop with PRPs,
the primary aim was to establish contact to facilitate the group
process and present the study context. In the final workshop,
the overall PAR process was summarized and evaluated.
Workshops 2 to 7 with PRPs were carried out according to the
following 2-stage process:

First, PRPs were asked to complete individual Web-based
exercises before each workshop. These generally consisted of
a summary from the previous Web-based exercise and workshop
(workshops 2 to 7), educational or intervention materials
(videos, PowerPoint lectures, or PDF texts), and related open-
and close-ended questions. At the end of each Web-based
exercise, PRPs were asked to provide feedback on the materials
for discussion in the subsequent workshop. PRPs could indicate
if they did not wish for their feedback to be discussed at the
subsequent workshop and were encouraged to suggest topics
they wished to reflect on in the group. PRPs were asked to
provide responses to the Web-based exercises the day before
the respective workshop at the latest. On the day of each
workshop, the facilitators reviewed and summarized the PRPs’
individual answers to the Web-based exercises. On the basis of
this summary, areas for further investigation for each PRP
workshop were decided at a research group meeting, and added
to the workshop agenda.

Second, each workshop began with a round of brief reflection,
providing PRPs with the possibility to share thoughts and

feelings relating to the Web-based exercise and previous
workshop. Then, the agenda for the workshop was presented
and PRPs were encouraged to add items to the agenda. Each
workshop lasted for 2 hours, including a brief refreshment break,
and consisted of individual reflection and group discussions.
At the end of each meeting, an individual reflection practice
was carried out where PRPs individually answered some
open-ended questions. PRPs were encouraged to provide
suggestions for upcoming workshops and identify the most
valuable topics of the workshop. PRPs spent approximately 5
min on the task. Following this, PRPs were offered the
opportunity to stay for another hour to freely reflect upon their
experiences with the facilitators or to socialize with other
parents, without any documentation being carried out and
refreshments were provided. Figure 1 illustrates a workshop in
progress.

Workshop With Expert Research Partners
The written intervention material (consisting of 109 A4 pages),
including 1 draft module (eg, text, video, and audio materials),
was presented to ERPs following the 6 workshops with PRPs.
The material was written in parallel to the PRP workshops, with
workshops informing the content included. During the ERP
workshop, ERPs provided their expert perspectives on the
material and draft module. Members of the research group
(coauthors MC, LvE, HG, and AW) were present at the
workshop, which was facilitated by LK. Following the
workshop, the intervention material was modified, and a
prototype of the intervention was presented to PRPs at workshop
7.

Figure 1. Parent research partners (PRPs) and facilitators during a workshop. Note that consent was obtained from all PRPs present to use this photo.
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Data Collection
Workshops with PRPs were documented using written meeting
notes (coauthors HB and LK). Materials used for discussion
practices, such as post-it notes and summaries by PRPs, were
saved. At the end of each workshop (with exception of
workshops 1 and 8), PRPs completed written individual process
evaluations (ie, feedback on the workshops) to guide the
continuation of the collaboration process. The PRPs’ responses
to the Web-based exercises were documented on the Portal to
ensure secure communication. During the Web-based exercises,
PRPs provided feedback on extracts of the intervention and
education materials presented by answering questions via the
Portal. Questions focused on PRPs’ experiences of and views
on aspects such as the design of the intervention materials, the
Portal interface, preferences for optional support functions, and
suggestions on how to improve aspects of the intervention. The
ERP workshop was documented using written meeting notes
from the workshop (coauthor LK, with assistance from a
research assistant), with ERPs providing their written reflections
on the materials after the workshop.

Data Analysis
Data were analyzed iteratively parallel to data collection.
Pragmatism was adopted as the underlying research paradigm,
selecting an approach to data analysis most appropriate to the
study aims [19]. Specifically, as per other studies utilizing PAR
[20,21], a thematic analysis approach was adopted [22]. PRPs’
responses to the Web-based exercises were read and summarized
by HB and LK and reported back to the PRPs in the subsequent
workshop. Areas of further exploration in subsequent workshops
were identified and discussed by the research group consisting
of the research group leader (professor, PhD in clinical
psychology, and clinical psychologist, coauthor LvE), 2
researchers with a PhD in psychology (coauthors HG and AW),
and 2 clinical psychologists (coauthors MC and LK). Possible
solutions to parents’questions and further areas of interest were
identified by the research group before each subsequent
workshop. Although each workshop had a predefined theme,
the agenda for each subsequent PRP workshop partially emerged
from the PRPs’ Web-based exercises and reflections by the
research group, with these reflections reported back to the PRPs
to establish trustworthiness of the interpretations made by the
research group. Furthermore, additional agenda items could be
suggested by PRPs. This iterative process was used throughout
the study and continued until no new themes related to study
aims were identified. Over the course of the PAR process,
discussions during workshops continued until data saturation
was reached, that is, until no new data emerged. Following
standard approaches to thematic analysis [22], data were then
synthesized by members of the research group (coauthors MC,
LvE and AW) firstly into descriptive and topic codes, followed
by identification of themes relating to the study aims. To
enhance trustworthiness, identified themes were then presented
to and further discussed by the wider research group to ensure
agreement on identified themes and that all data were included
in the identified themes.

Results

Parent Research Partners’ Views on the Intervention
An overview of the results from the PAR process is shown in
Table 2.

Duration, Content, and Presentation
PRPs stressed the importance of the intervention not being too
burdensome. As such, parents suggested exercises to be
shortened and provided over a longer period than originally
suggested. Spending 1 hour per week working with the
intervention was seen as optimal. Some suggested a duration
of 7 weeks, whereas others considered a 12-week intervention
better. Although consensus was not reached, a 10-week
intervention was deemed acceptable.

PRPs stressed the importance of communication suggesting that
the researchers should communicate clearly to potential
participants in the future feasibility study that the intervention
was developed to fulfill parents’ needs for psychological
support, and provide clear treatment goals (eg, reducing PTSS
and depression). One aspect discussed with PRPs concerned
the extent to which the intervention content could be
individualized, given the majority of PRPs highlighted an
interest in a tailored intervention, for example, choosing specific
topics to meet an individual’s particular needs. However, for
the purpose of testing the feasibility and acceptability of the
intervention in the upcoming feasibility study, it is important
that its content remains the same for all participants.

Collaboration with PRPs resulted in including a video or
telephone support call, the use of case vignettes, and replacing
one of the actors in the vignettes presented to PRPs.
Furthermore, the language used to describe suffering and content
in modules was modified based on PRP preferences. For
example, in terms of the conceptualization of distress presented
during workshops 3 and 4, PRPs preferred terms such as
changed life situation to depressive inactivity and difficult or
painful emotions and memories rather than traumatic stress.
The final version of the intervention consists of 1 introductory
module followed by 10 internet-administered, guided, self-help
modules.

PRPs appreciated a combination of text, audio, and video
materials of high quality, including an option to print materials.
The inclusion of case vignettes was valued. However, the
importance of authenticity was discussed, with modifications
to the vignettes made based on PRPs’ feedback on the prototype
presented in workshop 7, to improve relevance and authenticity.
PRPs suggested that the inclusion of an introductory video of
the intervention, presented by an e-therapist and a parent, would
increase trustworthiness and motivation to participate.
Furthermore, an optional support function including an
Web-based library containing information about CBT, self-help,
literature suggestions, links to relevant Websites, as well as
CBT exercises from the intervention were seen as advantageous.
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Table 2. Overview of results from the participatory action research (PAR) process, summarizing research partners’ views on the intervention ENGAGE
and acceptable procedures for future feasibility and effectiveness studies. CBT: cognitive behavior therapy.

Views on proceduresViews on interventionResearch partner

DescriptionThemeDescriptionTheme

Engaging and interesting
information, highlighting
benefits of guided self-help

Information video about
the study before consent-
ing

Information
about study par-
ticipation

Not too burdensome

Short Web-based exercises

One hour per week

10-week program

Text, audio, and video materials

Language used to describe distress

Case vignettes, actor changes

Introductory video

Web-based library including, for example, information
about CBT, self-help, literature suggestions, links to rele-
vant Websites as well as CBT exercises from the interven-
tion

Duration, content
and presentation of
the intervention

Parent research
partners

30 min acceptable time to
complete assessments at
each observation point (ie,
baseline, post treatment, 6-
month follow-up)

10 min acceptable time to
complete weekly assess-
ments

Time aspectsInitial video or telephone session

Booster video or telephone session at half-time

Multiple methods of e-therapist contact (video call, tele-
phone call, and written communication)

Written feedback throughout intervention

Single-item mood assessment using 5-point Likert scale to
communicate changes in mood with the e-therapist

Support and contact
during the interven-
tions

Parent research
partners

No views pro-
vided on study
procedures

Clear Web-based exercises

Evidence-based CBT exercises

Reviewing treatment goals throughout the intervention

“Less is more”: intervention content reduced 

CBT exercises available in the Web-based library

Professionally designed materials

Expert research
partners

The design aspects emerging as important during the PAR
process were subsequently incorporated into the design of the
intervention (Table 2). Optional support functions planned for
inclusion before the collaborative process included a chat
function, a forum, and a Q&A function. However, these were
in general viewed as unnecessary and subsequently removed
from the intervention.

A written prototype of the intervention was presented to PRPs
during workshop 7 and was perceived positively, with one parent
stating that “parents could benefit from this.”

Support and Contact
At the start of the study, it was planned for the intervention to
include weekly written feedback from an e-therapist trained in
supporting the intervention. An e-therapist is a mental health
care professional who provides support electronically, for
example, via email or videoconferencing [23]. E-therapists will
be psychology program students, in at least their 4th year of
study, having completed a minimum of their first term of
advanced studies in CBT, but will have not yet begun their
prescribed practical service (ie, praktisk tjänstgöring för
psykologer/PTP). PRPs highlighted the importance of personal
contact via a video or telephone call with an e-therapist at the
start of the intervention for parents to be able to “tell their story”
and midway through the intervention to increase motivation.
However, all PRPs raised the importance of parents being able

to “tell their story” in their preferred way (eg, contact with the
e-therapist via video or telephone call, or via written
communication). As such, personal contact at the start and
midway through the intervention with an e-therapist via a video
or telephone call has been incorporated (Table 2). However, it
was not deemed possible to completely individualize the
procedure for parents “telling their story” as it is important the
intervention is delivered in the same way to all participants for
testing purposes in the forthcoming feasibility study.

A further issue discussed related to PRPs’ views on receiving
feedback on changes in mood during the intervention. Although
some considered weekly charts illustrating changes in mood as
an important aspect of the intervention, the majority preferred
personal feedback from their e-therapist. In the final version of
the intervention, written feedback from the e-therapist is the
primary method of communication as it was considered most
important by PRPs. However, in line with the PRPs’ requests,
a single-item mood assessment, using a 5-point Likert scale,
has been incorporated as a means for participants to inform their
e-therapist about their mood, in addition to the written
communication.

Expert Research Partners’ Views on the Intervention
Following the ERPs’ input, the intervention was further refined
(Table 2). Changes included clarifying the key learning
components included in each module. For example,
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evidence-based CBT exercises were included in each module,
and weekly action plans were designed based on the content of
the modules to carry out as homework. ERPs highlighted the
importance of revisiting treatment goals during the intervention
to maintain focus, which was subsequently more clearly
incorporated in the intervention. In line with PRPs’ views, one
take-home message was “less is more.” Consequently, the
content in the intervention was reduced. ERPs agreed with PRPs
that CBT exercises should be easily available, for example, in
the Web-based library, to enable parents to return to previous
exercises based on individual preferences and needs. To make
the user experience more appealing, presenting a professional
look, it was decided that materials and illustrations used in the
intervention should be created by professionals in graphic design
as suggested by the ERPs. Figure 2 shows an example of an
internet-administered intervention module screen.

Parent Research Partners’Views on What Procedures
Should be Used in Future Studies Testing and
Evaluating the Intervention

Information About Study Participation
One key procedural aspect discussed concerned recruitment to
future feasibility and effectiveness studies. PRPs stressed the
importance of how study information should be provided to
engage and motivate participation, highlighting the potential
benefits of CBT-based, internet-administered, guided, self-help
interventions. A phone call, followed by written information,
was the preferred method of receiving study information. It was
positively perceived to receive a study-code to access materials
on the Web with further information about the study, including
an informational film before consenting to participation, both
of which have been included in the intervention (Table 2). PRPs
were of the opinion that study information should be
communicated by health care personnel, or representatives from
relevant organizations, to increase trustworthiness. PRPs
indicated a preference for recruitment via the hospital
departments in connection with end of the child’s cancer
treatment. However, as recruitment is planned for up to 5 years
after end of treatment, it would not be feasible to recruit via
hospital departments as parents are likely no longer in contact
with the hospital clinics at that time.

Time Aspects
PRPs were unable to reach consensus regarding the ideal timing
for the invitation to participate in a controlled study of an
internet-administered, guided, self-help intervention for parents
of children previously treated for cancer. Although some
indicated that 3 to 6 months following end of the child’s cancer
treatment would be preferable, others argued that more time
must pass as parents may not be aware of their needs for
psychological support so soon after end of treatment. However,

all PRPs considered it important that parents are offered the
participation, rather than having to seek out participation. Views
differed regarding how long parents were willing to wait to
receive the intervention in a hypothetical controlled study with
a wait-list control group. Although a waiting period of 1 to 3
months was generally accepted, parents raised concerns about
waiting when suffering emotionally following the end of their
child’s treatment.

The time required to complete pre- and postintervention
assessments as part of a controlled study was discussed, and
PRPs considered 30 min to be an acceptable length of time for
completing these assessments. In addition, spending 10 min
weekly for completing the questionnaires while receiving the
intervention was an acceptable amount of time according to
PRPs.

Although PRPs agreed on many procedural aspects for future
studies testing and evaluating the intervention, some issues
remained undecided following this process. To further address
parents’ preferences regarding study procedures, a
cross-sectional, Web-based study has been conducted (results
forthcoming) to examine their attitudes and preferences
regarding, for example, the mode of study invitation, how study
information should be presented and by whom, type of control
conditions in a controlled study, and the acceptable waiting time
in a controlled study with a wait-list control condition.

Process Evaluation
To facilitate the collaboration, continuous process evaluations
were carried out. PRPs suggested some clarifications, for
example, with regard to the time period of interest regarding
their lived experience (eg, during treatment, at treatment
completion, or at present) and according to which role they
should provide feedback on the material (as hypothetical
participants in a future study using the material as part of the
intervention, or as research partners in the ongoing PAR
process). PRPs were encouraged to approach the materials as
research partners, but to give their opinion, they also needed to
test the materials as hypothetical participants in a future study.
Instructions were modified according to clarifications.

PRPs expressed concerns about working so closely with the
facilitators who also created the materials for the workshops
and Web-based exercises and whether this might influence their
perspective as PRPs. To reduce potential respondent bias, the
research group adapted the PAR process to include the
presentation of materials by members of the research group not
otherwise involved in the workshops. Furthermore, PRPs
highlighted the psychological and emotional demands of taking
part in the PAR process. However, having received CBT within
our previous research [11,12] (personal communication by L
Ljungman, 2017-10-23) was perceived as helpful in coping with
these demands.
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Figure 2. Example of an internet-administered intervention module screen (illustrations by Annika Carlsson).
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Discussion

Principal Findings
A 10-week internet-administered, CBT-based, psychological,
guided, self-help intervention (ENGAGE) for parents of children
previously treated for cancer, alongside procedures for future
studies testing and evaluating the intervention, were developed
in collaboration with PRPs and ERPs. Specifically, the content
of the intervention, mode and frequency of e-therapist support,
and the individualized approach for feedback were modified
based on input from the PRPs or ERPs. Shared solutions were
reached regarding the type and timing of support from an
e-therapist, duration and timing of intervention, and the removal
of “unnecessary” support functions. The ENGAGE intervention
will include written, audio, and video materials as well as an
initial support session via video or telephone in which individual
problem analyses and idiographic goals will be formulated. The
Web-based intervention will be delivered via the Portal with
weekly e-therapist support. A “booster” session will be provided
via video or telephone midway through the intervention.
Participants will complete 1 module per week over a 10-week
treatment period. Guidance from e-therapists will consist of 1
video- or telephone-assessment session, weekly Web-based
written support, and a mid-treatment video- or telephone
“booster” session. Module content will include, for example,
psychoeducation, case vignettes, exercises based on specific
CBT techniques, action plans, and questionnaires to assess
symptoms. Preferences for study procedures in future studies
testing and evaluating the intervention were discussed, but
consensus was not reached. Overall, collaborative work added
significantly to the study as a whole, with PRPs’ feedback
continuously informing the research process, highlighting the
value of working closely with the target population when
conducting intervention research.

PRPs’ preferences regarding the delivery and content of the
intervention are largely consistent with the existing, related
literature for other study populations. For example, including
patient vignettes in the intervention materials to facilitate
normalization [24] and enhance identification with the
intervention content [25]. Furthermore, PRPs’ concerns
regarding limitations of not being able to personalize the content
of the intervention are consistent with wider research [14].
Moreover, the lack of personal interaction with an e-therapist
has been highlighted [26], with participants reporting difficulties
developing a relationship with an e-therapist in the absence of
face-to-face contact [27]. However, the inclusion of a video call
at the beginning of the intervention may overcome these
concerns. Indeed, the delivery of CBT via videoconference is
as effective as face-to-face CBT [28], allowing similar
communication to that in face-to-face therapy [29]. The
inclusion of some form of face-to-face contact with an
e-therapist may help develop a therapeutic alliance [30].
Furthermore, supported by the wider literature, was the
suggestion to enhance the acceptance of the
internet-administered intervention, and thus potentially facilitate
recruitment, by presenting an informative video about
internet-administered CBT to potential participants [31-33].

Although some findings were in line with existing related
literature concerning the development of internet-administered
interventions, this study further extends our understanding of
acceptable intervention adaptation for the population. First,
before the study, the research group posited that the inclusion
of support functions (eg, a chat function, a forum, and a Q&A
function) would be desirable and enhance intervention
interactivity. However, PRPs felt such functions were
unnecessary, and these were thus not included in the
intervention. Second, PRPs were introduced to the
conceptualization of distress experienced by parents of children
previously treated for cancer, as informed by previous research
conducted by our group [4,5,11,12] (personal communication
by L Ljungman, 2017-10-23). Although PRPs reported that the
conceptualization of distress was acceptable, and reflected their
own experiences, a number of modifications were suggested
concerning the adoption of “lay language,” as opposed to the
psychological terminology used in the intervention material.
As such, collaboration with PRPs further contributed to our
understanding of how to communicate psychological principles
to the population using more acceptable and accessible
terminology.

The key elements of a PAR approach include understanding,
mutual involvement, change, and a process that promotes
personal growth [34]. Fulfillment of these elements could be
identified from the PRPs’ responses to workshop evaluations.
Establishing participants as equal research partners can be
difficult, especially if participants experience low self-efficacy
regarding their ability to participate in the process as equal
partners [35]. Future PAR research may look to include training
for research partners without research experience [36]. However,
PRPs reported personal growth and helping others as significant
motivators for contributing to the study.

Strengths and Limitations
A strength of the study was the involvement of PRPs and ERPs
via a PAR approach in developing the intervention ENGAGE
and study procedures for future studies testing and evaluating
the intervention. As such, the development was informed by
previous research [4,5,11,12] (personal communication by L
Ljungman, 2017-10-23), PRPs’ lived experience, and ERPs’
expert knowledge. We expect the importance of this approach
to be reflected in the acceptability and feasibility of the
intervention and study procedures in a forthcoming feasibility
study. However, it should be noted that PRPs had received
psychological support in previous intervention research. This
means that they might have a more positive attitude toward
research in comparison with the wider population and that the
current findings may not describe the experiences of parents of
children previously treated for cancer who have not accessed
psychological support. It should also be considered that although
PRPs of both genders and from different socioeconomic
backgrounds were included, the sample was small and recruited
from a small geographical area. In addition to inviting parents
who had participated in our group’s previous intervention
research, an open invitation to participate in the study was posted
through the Swedish Childhood Cancer Foundation Website
and the Swedish Childhood Cancer Association Middle-Sweden
Facebook page. However, this recruitment strategy did not result
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in any further potential participants registering interest in
participating in the study. As such, future research may benefit
from adopting more assertive recruitment methods to identify
researcher partners from the wider community of parents of
children previously treated for cancer [36]. Although consensus
was not always reached, in general, acceptable alternatives were
agreed upon by PRPs. Ideas were discussed by PRPs and
facilitators to generate shared solutions. In some cases, PRPs’
preferences were deemed unfeasible by the research group. For
example, PRPs mentioned a preference for recruitment via
hospital departments. However, as recruitment to the
forthcoming feasibility study is planned for up to 5 years after
end of a child’s treatment and parents are likely no longer in
contact with the hospital department at that time, such a
recruitment strategy is not possible to adopt.

Conclusions
To the best of our knowledge, this study is the first use of a
PAR approach to develop a CBT-based, internet-administered,

guided, self-help intervention for parents of children previously
treated for cancer and acceptable procedures for future studies
testing and evaluating the intervention. We believe involvement
of parents with lived experience and experts with expert
knowledge have been vital in the development of a potentially
relevant and acceptable intervention for this population.
Specifically, the PAR process informed intervention content,
including language, duration, mode, and frequency of e-therapist
support. Furthermore, planned recruitment strategies for use in
a planned feasibility study were modified, which may enhance
participation, for example, via the inclusion of an informative
video about internet-administered interventions. In addition,
this planned feasibility study will further examine the relevance
and acceptability of the developed intervention. The PAR
process adopted in this study may inform the future use of PAR
techniques to adapt and tailor internet-administered,
psychological, guided, self-help interventions for other
populations.
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Abstract

Background: Digital health interventions in the form of smartphone apps aim to improve mental health and enable people
access to support as and when needed without having to face the stigma they may experience in accessing services. If we are to
evaluate mobile health (mHealth) apps and advance scientific understanding, we also need tools to help us understand in what
ways mHealth interventions are effective or not. The concept of therapeutic alliance, a measure of the quality of the relationship
between a health care provider and a service user, is a key factor in explaining the effects of mental health interventions. The
Agnew Relationship Measure (ARM) is a well-validated measure of therapeutic alliance in face-to-face therapy.

Objective: This study presented the first attempt to (1) explore service users’views of the concept of relationship within mHealth
mental health interventions and (2) adapt a well-validated face-to-face measure of therapeutic alliance, the Agnew Relationship
Measure (ARM), for use with mHealth interventions.

Methods: In stage 1, we interviewed 9 mental health service users about the concept of therapeutic alliance in the context of a
digital health intervention and derived key themes from interview transcripts using thematic analysis. In stage 2, we used rating
scales and open-ended questions to elicit views from 14 service users and 10 mental health staff about the content and face validity
of the scale, which replaced the word “therapist” with the word “app.” In stage 3, we used the findings from stages 1 and 2 to
adapt the measure with the support of a decision-making algorithm about which items to drop, retain, or adapt.

Results: Findings suggested that service users do identify relationship concepts when thinking about mHealth interventions,
including forming a bond with an app and the ability to be open with an app. However, there were key differences between
relationships with health professionals and relationships with apps. For example, apps were not as tailored and responsive to each
person’s unique needs. Furthermore, apps were not capable of portraying uniquely human-like qualities such as friendliness,
collaboration, and agreement. We made a number of changes to the ARM that included revising 16 items; removing 4 items due
to lack of suitable alternatives; and adding 1 item to capture a key theme derived from stage 1 of the study (“The app is like
having a member of my care team in my pocket”).

Conclusions: This study introduces the mHealth version of the ARM, the mARM, that has good face and content validity. We
encourage researchers to include this easy-to-use tool in digital health intervention studies to gather further data about its
psychometric properties and advance our understanding of how therapeutic alliance influences the efficacy of mHealth interventions.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN) 34966555;
http://www.isrctn.com/ISRCTN34966555 (Archived by WebCite at http://www.webcitation.org/6ymBVwKif)
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Introduction

Smartphone technology is constantly evolving. Many individuals
use their phones and internet regularly, with 89% of adults over
the age of 16 owning and using a smartphone [1]. Health care
providers are capitalizing on this societal development by
exploring innovative ways of using smartphone technology to
support the delivery of digital health care interventions (DHIs).
Indeed, the National Health Service in the United Kingdom has
a digital strategy and mobile technology tool kit that seeks to
exploit the capacity of smartphones to improve the efficiency
and timeliness of health care interventions [2].

There are now a variety of health-related software applications
(apps) available freely to be downloaded for a whole range of
health care problems, including mental health problems. The
growth in apps for mental health problems is an important
development. The near-constant connectivity of smartphones
means that people can access support as and when needed
without having to overcome the stigma or barriers they might
experience in accessing traditional face-to-face mental health
services [3]. Accessing face-to-face support can be particularly
difficult for those with severe mental health difficulties, such
as psychosis, which is characterized by a mistrust of others,
impaired social functioning, and difficulties in developing
relationships with others [4]. A recent systematic review of
Web-based, social media, and mobile technologies for severe
mental health problems found that as many as 75% to 95% of
service users reported technology-based interventions to be
positive and useful for their mental health [5]. Furthermore,
DHIs for psychosis have the potential to reduce hospital
admissions, improve symptom outcomes, and improve
medication adherence [5]. However, research examining the
efficacy of mobile health (mHealth) interventions is lagging
behind their production. The majority of mHealth interventions
are not theory-driven or evidence-based. As with face-to-face
delivered interventions, there is an imperative need to evaluate
the efficacy of DHIs to ensure that mHealth interventions are
actually providing a beneficial treatment.

The concept of therapeutic alliance, a measure of the quality of
the relationship between a health care provider and a service
user, is a key factor in explaining the effects of face-to-face
interventions [6,7]. However, this concept has received little
empirical attention in the mHealth field. mHealth interventions
present a challenge to the importance of the concepts of alliance
and therapeutic relationships, as relationships with health
professionals might be diminished, or, in some cases, completely
absent. Studies that have investigated the concept of alliance in
relation to internet-delivered mental health interventions more
generally, including computerized programs, have either
assessed therapeutic relationship with a therapist supporting the
person to access the technology, or assessed the relationship
with the technological device or program itself [8]. These studies
have suggested that the concept of alliance may be a less robust

predictor of outcomes than in traditional face-to-face
interventions for mental health problems, particularly when the
direct role of the therapist is minimal and service users are asked
to comment on their relationship with a computer or mobile
device rather than a therapist assisting with a computer-based
intervention (eg, [9-11]). However, there is some evidence that
higher scores on these alliance measures are associated with
more engagement with interventions [11].

It has been suggested that the relative lack of attention that
developers of computerized interventions pay to the
relationship-building qualities of self-help technologies for
mental health interventions may partly account for the smaller
effect sizes compared with face-to-face therapies and higher
rates of attrition. For example, the responsivity to data entered,
the degree of individually tailored responses, the consistency
of advice, and the use of illustrative characters could all enhance
the sense of relationship with the device or program in question
[8]. There are also problems with how existing studies have
measured the concept of alliance within this emerging field.
Thus far, existing studies have used measures of alliance
developed for use in face-to-face interventions, substituting the
word “therapist” with “program.”

In this paper, we described 3 stages of a research process that
ultimately aimed to develop a measure of alliance within DHIs.
We aimed to build on previous research by exploring service
users’ and mental health professionals’ concept of relationship
with mHealth interventions and investigated how we might
enhance the relationship element of existing mHealth
interventions (stage 1). We also used this knowledge from stage
1 of the study, combined with an assessment of the face and
content validity of a face-to-face alliance measure (stage 2) to
more rigorously adapt the measure for use within the digital
health context (stage 3).

Methods

Overall Context of the Research
The service user participants from all phases of this study were
identified through the Actissist trial [12] (trial registration:
ISRCTN34966555), a proof-of-concept trial investigating the
feasibility and acceptability of a theory-driven,
smartphone-delivered psychological intervention targeting areas
of distress in early psychosis. Service users who participated in
this research were approached on the basis that they were aged
16 years or older and had been registered under early
intervention services across the North West of England, United
Kingdom. Consent to participate in this study was obtained
through the Actissist trial protocol, which was approved by the
relevant ethics and research governance committees. This
mixed-methods study occurred across two stages as described
below and consisted of 33 participants (n=23 service users; n
10 mental health staff).

J Med Internet Res 2018 | vol. 20 | iss. 4 |e90 | p.85http://www.jmir.org/2018/4/e90/
(page number not for citation purposes)

Berry et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/jmir.8252
http://www.w3.org/Style/XSL
http://www.renderx.com/


Stage 1: Qualitative Study
Nine service users (7 males, 2 females) participated in
one-to-one, face-to-face interviews. A researcher interviewed
participants about their views and experience of the Actissist
app as well as the concept of therapeutic alliance related to
DHIs. Specific questions that pertained most directly to the
concept of therapeutic alliance were as follows:

1. Did you feel as though you were in a partnership with the
app, like you were working with the app towards a shared
goal or purpose?
Prompt: What are your thoughts about the partnership? Can
you tell me more about this experience?

2. Did you think that the app was supportive?
3. Prompt: Why? In what way? Examples?
4. Did you find yourself looking to the app for solutions to

your difficulties?
5. Prompt: Can you tell me of an example? How did you feel

about looking to an app for solutions?’

Interviews lasted from 45 to 60 min, were recorded, and
transcribed verbatim. Interviews were analyzed using thematic
analysis [13]. Throughout the analysis, pertinent excerpts of the
concept of relationship were deductively extracted and labeled
with codes. Codes were then organized together to develop
themes. The analysis was undertaken by AS under the guidance
of KB and SB during regular coding meetings where transcripts
were read and coded by all team members to check for
consistency in ratings. The organization of the final set of codes
into themes was discussed and agreed by the research team.

AS is a postgraduate student studying for a Master’s degree in
Clinical and Health Psychology. She has limited direct
experience of working with people with mental health problems
or in psychological therapies without or without digital
components. KB and SB are both clinical psychologists and
academics who are experienced in developing therapeutic
relationships and carrying out therapy with people with mental
health problems. KB has published widely on the concept of
therapeutic alliance in people with psychosis. SB has also
published on the therapeutic alliance and is the lead investigator
on two major trials of DHI for people with psychosis, which
includes the Actissist study described in this paper.

Stage 2: Assessment of Content and Face Validity of
the Agnew Relationship Measure
The Agnew Relationship Measure (ARM) is a well-validated
measure of therapeutic alliance in face-to-face therapy [14].
The ARM was used as a platform to help develop a measure
specifically to assess the concept of alliance in mHealth
interventions, which we term the mobile Agnew Relationship
Measure (mARM). We chose to adapt the ARM, as this measure
has been used in previous studies assessing therapeutic alliance
in the context of computerized and mobile-based mental health
interventions (e, [9,11,15]). The ARM assesses five concepts
thought to comprise therapeutic alliance: bond, partnership,
confidence, openness, and client initiative. Bond encompasses
feelings of positive regard from and toward the therapist;
partnership concerns the collaboration between the client and
the therapist; confidence pertains to the competency of the

therapist; openness is characterized by the freedom of personal
disclosure; and client initiative is associated with feelings of
control and empowerment. Consistent with previous studies,
the first iteration of the measure that we shared with participants
simply replaced the word “therapist” with “app.”

In addition to the ARM, a questionnaire was developed to
explore individuals’ opinions about the ARM as a measure for
assessing therapeutic alliance in mHealth interventions for
psychosis. This included a relevancy scale for each item
whereby participants were asked to assess each question on how
relevant they believed the item to be to the concept of
therapeutic alliance with a DHI on a scale of 1 to 4 (1=not
relevant, 2=somewhat relevant, 3=quite relevant, 4=highly
relevant). This scale also investigated the wording and format
of the questionnaire using open-ended questions that prompted
participants to expand on their reasoning or suggest alternative
wording of items.

Fourteen service users (none of whom participated in the first
part of the study), and 10 members of staff took part in the
assessment of the content and face validity of the measure. All
participants were presented with the version of the ARM and
relevancy scale described above. For convenience, this was
done through a range of methods. Eleven participants were
interviewed over the phone, 11 were interviewed as part of a
small group discussion, and 2 members of staff returned the
questionnaire via email. For each method, participants were
given at least 24 hours to consider participating in this study.
Initially, the participants were contacted over the phone and
given information about the study, including the aims of the
research. Verbal consent was obtained and a phone interview
or face-to-face meeting date was arranged. The relevancy scale
(alongside the ARM) was sent to people via email so they were
able to familiarize themselves with the measure before the
interview.

Stage 3: Development of the Mobile Agnew
Relationship Measure (mARM)
We developed an algorithm for scrutinizing and adapting ARM’s
items. The rationale for the algorithm was to support our
decision-making process about which items to retain, drop, or
reword. The algorithm stated that if at least one service user or
staff member rated an item “not relevant” or one participant
suggested an alternative wording, then the item was discussed
by the research team. For each of these items, an alternative
wording was debated, with reference to comments made by
staff or service users. Themes and excerpts from stage 1 of the
research were also drawn upon in considering the relevance of
the item or alternative wording. If the alliance concept of an
item did not translate to an mHealth context and no suitable
alternative wording could be identified, then the item was
removed from the measure.

Results

Stage 1: Qualitative Study
Two overarching alliance-related themes were identified from
the interviews: (1) forming a bond and relationship with the
app; and (2) preference for an app instead of a human therapist.
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Table 1. Summary of themes from stage 1 with illustrative quotes.

Illustrative quoteTheme

Forming a bond and relationship
with the app

“I actually miss doing it cause it does help on different days. Not doing it, I miss it.” [Participant 6]Building a supportive relation-
ship with the app

“Sometimes, it would have been better for me, I would have preferred to have the app, even now, even though
I probably wouldn't use it for 2 or 3 weeks, and still be relying on the information. There comes a time where
you mind goes blank to the situation and you're in complete panic mode and to be able to say ‘I need someone.
I can't get [Care Coordinator] on the phone, I can't get my care-worker on the phone. What do I do?’” [Participant
1]

“It’s another tool in the arsenal...your CPN, he’s only there once a week, there’s a long period of time when
you’re on your own, you’ve got nobody. You feel like you’re not wanted, not needed, and that app, it says
‘you’ve got a CPN in your pocket, I’ve got a care provider in my pocket that I can go out quite freely now
without my CPN.’” [Participant 1]

Mimic human support

“It did start to feel like part of my normal routine...it was sort of like having a buddy um so yeah, every time it
sort of asked you to check in, it was quite a good feeling...it started to seem natural very early...” [Participant
1]

“There’s the reassuring side of I'm not going insane, but theres also the cons to it as well...It’s only a phone
telling me I'm not going insane, it's not actually a Dr saying well actually, you’re not that bad.” [Participant 9]

Barriers to bond

“I did wonder if it'd be able to portray information as well as a person. Which obviously it can't do because you
can't ask it questions.” [Participant 5]

Preference for an app instead of
a human therapist

“If you are feeling criticised, you can actually be honest with it...Say, I'm feeling criticised that day and say, be
honest with it, it’s - it, yeah, so that’s what’s vital I think. It can create somewhere, instead of having whoever
you live with... instead of opening up and having a [an argument], releasing it that way, you can release it into
[the app].” [Participant 1]

Apps provide greater freedom
than face-to-face

“With the app, you do find yourself opening up a little bit more, personally, on your own privately with your
app...Not with your psychologist, not with a CPN, but with yourself and that’s when you find out your being a
bit more honest with yourself, you're able to articulate that with your psychologist 'this is how I'm feeling, I
know because I've had it on the app'...I've got the app there to be, alone, on my own. I can be an emotional wreck
if I want to be, I can be a blubbery, crying baby again if I want to be cons I'm on my own, I'm with my app and
it’s getting me through this and that’s what I got from it.” [Participant 1]

Apps promote self exploration

“...You were able to tell it what was worrying you uh - you didn't feel like you couldn't express the worries so
um that was good.” [Participant 2]

Themes are summarized in Table 1, along with illustrative
quotes supporting the themes generated.

Theme 1: Forming a Bond and Relationship With the
App
The accounts given by the service users demonstrated that they
felt a strong sense of support from the app and consequently,
when the app was no longer available for use, people reported
missing the support that it had provided. This perceived loss
suggested that participants had potentially formed a relational
bond with the app. In addition, participants reported that the
app provided a sense of security by giving instant support when
required.

Several service users indicated that using the app was akin to
always having a member of their care team available. Some
described it as having a “therapist” in their pocket. Furthermore,
a number of participants reported feeling as though they had a
friend in the app that would offer encouragement and
reassurance. However, there were also accounts where some
participants felt that the app was not tailored to their individual
needs; the information provided was either repetitive and/or

was too generic. This notion was deemed relevant to the concept
of developing a relationship with the app, as participants
perceived that it was these “robotic” features that hindered the
development of a relational bond.

Theme 2: Preference for an App Instead of a Human
Therapist
In some accounts, participants alluded to a freedom to be honest
and open with the app, which was noted as a key difference in
the app compared with face-to-face therapy. For example, there
seemed to be a reduced risk of embarrassment from confiding
in the app as opposed to confiding in a person. This theme was
deemed relevant to the concept of relationship, as embarrassment
or perceptions of therapist judgment may be a factor in the
rupture in face-to-face relationships. Several participants
discussed how the app helped them to be honest with themselves
and that further down the line, this improved their ability to be
open with members of their care team. In this respect,
communicating with the app served as a bridge that helped
participants to communicate with other people in their social
world.
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Table 2. Service user and staff relevancy rating frequency count. There were 24 respondents overall, but not all respondents provided data for each
item.

Highly relevant

n (%)

Quite relevant

n (%)

Somewhat relevant

n (%)

Not relevant

n (%)
Modified ARMa items

10 (50)9 (45)0 (0)1 (5)I feel free to express the things that worry me

6 (32)8 (42)4 (21)1 (5)I feel friendly towards the app

3 (16)5 (26)5 (26)6 (32)I am worried about embarrassing myself when using the app

4 (21)9 (47)6 (32)0 (0)I take the lead when using the app

7 (37)5 (26)2 (11)5 (26)I keep some important things to myself and don’t share them with the app

9 (47)10 (53)0 (0)0 (0)I have confidence in the app and its techniques

5 (26)13 (68)1 (5)0 (0)I feel optimistic about my progress

9 (47)8 (42)2 (11)0 (0)I feel I can openly express my thoughts and feelings when using the app

4 (21)4 (21)6 (32)5 (26)I feel critical or disappointed in the app

7 (37)6 (32)4 (21)2 (11)I can share personal matters I am ordinarily ashamed or afraid to reveal

5 (26)8 (42)6 (32)0 (0)I look to the app for solutions to my problems

2 (11)8 (42)8 (42)1 (5)The app’s skills are impressive

7 (37)10 (53)0 (0)2 (11)The app accepts me no matter how I respond

4 (21)6 (32)3 (16)6 (32)I feel influenced by the app in ways that are not beneficial to me

4 (21)5 (26)3 (16)7 (37)The app finds it hard to understand me

8 (42)5 (26)5 (26)1 (5)The app’s approach is warm and friendly with me

6 (32)4 (21)4 (21)5 (26)The app does not give me the guidance I would like

3 (16)5 (26)7 (36)4 (21)The app feels persuasive

6 (32)11 (58)1 (5)1 (5)The app is supportive

5 (26)5 (26)3 (16)6 (32)The app follows its own plans, ignoring my views on how to proceed

6 (32)7 (37)3 (16)3 (16)The app is confident in its messages and techniques

2 (11)6 (32)5 (26)6 (32)The app seems bored or impatient with me

2 (11)7 (37)6 (32)4 (21)The app expects me to take responsibility rather than be dependent on it

1 (11)8 (42)6 (32)3 (16)The app and I are willing to work hard together

3 (16)7 (37)7 (37)2 (11)I take the lead and the app expects it of me

4 (21)9 (47)3 (16)3 (16)The app and I agree about how to work together

2 (11)6 (32)6 (32)5 (26)The app and I have difficulty working jointly as a partnership

3 (16)8 (42)6 (32)2 (11)The app and I are clear about our role and responsibilities when we interact

aARM: Agnew Relationship Measure.

Stage 2: Assessment of Face and Content Validity of
the Agnew Relationship Measure
Stage 2 of the study aimed to assess the face and content validity
of the first iteration of the mARM, which involved simply
replacing the word “therapist” with the word “app.” The number
of participants who rated each item as not relevant, somewhat
relevant, quite relevant, and highly relevant is presented in Table
2. An overarching theme within the relevancy scale and
open-ended questions was that some items inappropriately
anthropomorphized the app. Both staff and service users reported
finding some items hard to answer or relate to the app due to
the human nature of the item. For example, the partnership
subscales of the ARM, such as agreeing a goal with an app or
the concept of the app and the person working together, were

particularly criticized. Several staff highlighted the need to
qualify items with a perception rather than a statement of fact
in instances where human qualities were referenced. For
example, replacing phrases, such as “the app is supportive” with
“the app seems supportive.” However, staff and service users
were more likely to endorse relationship items which reflected
their own thoughts and feelings about the app, suggesting that
the concept of relationship was important even if it was a less
reciprocal relationship. For example, the majority of staff and
service users reported that the item, “I feel friendly towards the
app” was relevant. Items which referred to techniques proposed
by the app or confidence in the app’s capacity to help, which
were not uniquely human qualities were also generally less
problematic for participants. For example, items such as, “I
have confidence in the app and its techniques” or “I feel
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optimistic about my progress” were endorsed by most people
as being relevant. Similarly, items that involved expressing
thoughts and feelings, such as “I feel I can openly express my
thoughts and feelings when using the app” were felt to be
relevant.

Stage 3: Development of the Mobile Agnew
Relationship Measure
Stage 3 of the study aimed to use the results of stages 1 and 2
to reach a consensus about which items to include in the mARM.
Eight of the original items were retained, 16 were revised, 4
were removed due to a lack of suitable alternatives and one was
added to capture a key theme from the interviews in stage 1 that
we felt was not adequately captured by other existing items or
other reworded items (“The app is like having a member of my
care team in my pocket”). The changes we made to the measure
along with the rationale for changing, not changing, or removing
items are displayed in Multimedia Appendix 1. The finalized
version of the mARM can be found in Multimedia Appendix
2.

Discussion

Summary of Findings
This study aimed to explore service users’ views of the concept
of relationship within mental health DHIs and to examine and
adapt a well-validated face-to-face measure of therapeutic
alliance for use with mHealth interventions. Stage 1 of this
mixed-methods project suggested that service users were able
to form a bond and relationship with the app; although, the
generic nature of the app’s messages that at times did not feel
personalized could hinder the development of this therapeutic
relationship. Stage 1 of this study also revealed that some people
preferred a relationship with an app as opposed to a relationship
with a human therapist. For example, people could be open and
honest with the app and this had the potential to promote future
communication with other people. Stage 2 of this project
suggested that simply replacing the word “therapist” with “the
app” in traditional measures of alliance is insufficient to capture
the nuances of alliance in mHealth. The findings of stages 1
and 2 were used to inform the development of an mHealth
measure of alliance with good content and face validity as
determined by both service users and mental health
professionals.

Contextualizing Findings Within Existing Literature
The majority of existing studies have explored alliance in the
context of interventions with some degree of overt therapist
input into a client’s treatment, such as a therapist assisting the
person to use an internet-based self-help program. In these
instances, it is difficult to conclude whether existing findings
reflected the quality of clients’ working relationships with the
therapists involved or with the computer programs themselves.
Our study is one of the few studies that have examined the
relationship concept in the complete absence of a therapist.
Other similar studies have focused on alliance ratings to
computer programs for mild to moderate mental health problems
[9-11]. These studies suggested that alliance ratings in relation
to computer programs were similar to therapist alliance ratings;

although, alliance ratings were slightly lower than typical ratings
of therapists and alliance was a less important predictor of
outcome. However, all of these studies reworded traditional
alliance substituting the word “therapist” with “program” (or
equivalent term). Future research needs to assess the extent to
which the mARM, which was specifically adapted to assess
alliance in the mHealth context, is a better predictor of therapy
outcomes. However, our finding that some participants felt that
the app was not tailored to their individual needs suggested that
apps may not yet be sophisticated to mimic human qualities of
responsivity and sensitivity to a sufficient degree. At present,
truly dialogic engagement may present a challenge for even the
most intelligent automated approaches due to its highly
contextual and interactive requirements [16].

The findings that people could be more open with the app due
to reduced fears about embarrassing themselves compared with
talking to a person might suggest that the nonhuman element
to the app could prove helpful for some people. In this respect,
apps serve a slightly different function to relationships with
therapists and consequently perhaps researchers should not be
aspiring to fully mimic human interactions when developing a
DHI for mental health. Indeed, our adaptions to the ARM items
focused on reducing the humanization of the app, which many
of the service users and staff in our study found hard to relate
to. In making these changes, it was, however, important to hold
in mind that we still needed to capture the concept of
relationship within our measures rather than developing a
measure that purely assesses satisfaction with an app or program.

We are aware that there are existing measures of the quality and
functionality of apps [17]. For example, the user Mobile
Application Rating Scale ([18]) assesses factors such as an app’s
customization, interactivity, ease of use, and the quality and
credibility of information. Although the two concepts of quality
and alliance are undoubtedly related (eg, if an individual is not
satisfied with the quality of the app, it is unlikely that s/he will
develop a positive alliance with the app), it is important that
measures of alliance in mHealth are sufficiently focused on
concepts directly relevant to alliance such as bond,
responsiveness to need, and communication, as opposed to other
more general indices of app quality.

Our finding that people could be open with the app and
empowered by the app reflected Clarke et al’s [11] finding that
alliance subscales measuring perceived empowerment and
perceived freedom to self-disclose were significantly positively
correlated with self-monitoring frequency, suggesting better
engagement with the program. Moreover, participants’ ratings
of the quality of their emotional connection with the program
were positively correlated with program log-ins, frequency of
self-monitoring, and number of treatment modules completed.
These findings are particularly important as one of the concerns
about mHealth interventions is that people are more likely to
disengage from them compared with face-to-face therapies [8].

Limitations
There are some limitations that need to be accounted for when
interpreting our findings and considering future uses of the
revised mARM. While this research has developed a
user-informed measure of alliance for mHealth interventions,
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the measure requires more rigorous validation. Arguably, this
research may not have captured a truly representative range of
views about how to measure alliance in mHealth interventions,
in particular as participants were recruited from a single clinical
population, first episode psychosis.

We attempted to capture the themes derived from stage 1 of the
research by rephrasing items in the ARM, using information
from the interviews. We also explored an additional item to tap
the concept of the app being like a therapist in the pocket.
However, arguably the process of basing the measure on the
ARM, as opposed to generating items solely from the interviews
may have resulted in us missing some potentially important
concepts that are uniquely relevant to the assessment of alliance
for apps, including the degree to which participants perceive
the app’s responses as automated and robotic.

Summary of Implications
The mARM needs to be subjected to further empirical testing
with a wider range of clinical groups. As part of this process,
we need to explore whether the mARM is capable of predicting
outcomes in DHIs in the same way that therapeutic alliance
measures predict outcomes in face-to-face therapy with human

therapists. It would also be important to compare the predictive
validity of the ARM, which is specifically designed to assess
the relationship aspect of therapy with more generic measures
of app satisfaction.

Conclusions
The mARM has attempted to capture unique elements of a
digital therapeutic relationship from user feedback. Feedback
was obtained from both service users who had first-hand
experience with an mHealth intervention and from experienced
mental health professionals. The suggestions of these
participants and the consequent adaptations we made to an
existing, well-established measure of alliance have resulted in
an alliance measure with good content and face validity that
can assess alliance in mHealth contexts. Simply replacing
“therapist” with “the app” in an established measure of alliance
is insufficient to capture the nuances of therapeutic alliance in
mHealth. The next crucial step in this program of research is to
carry out a more comprehensive assessment of the psychometric
properties of the scale, ideally within the context of a large
mHealth trial, so that the association with outcomes can be
systematically explored.
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Abstract

Background: Little is known about how individuals engage with electronic health (eHealth) interventions over time and whether
this engagement predicts health outcomes.

Objective: The objectives of this study, by using the example of a specific type of eHealth intervention (ie, websites for smoking
cessation), were to determine (1) distinct groups of log-in trajectories over a 12-month period, (2) their association with smoking
cessation, and (3) baseline user characteristics that predict trajectory group membership.

Methods: We conducted a functional clustering analysis of 365 consecutive days of log-in data from both arms of a large
(N=2637) randomized trial of 2 website interventions for smoking cessation (WebQuit and Smokefree), with a primary outcome
of 30-day point prevalence smoking abstinence at 12 months. We conducted analyses for each website separately.

Results: A total of 3 distinct trajectory groups emerged for each website. For WebQuit, participants were clustered into 3 groups:
1-week users (682/1240, 55.00% of the sample), 5-week users (399/1240, 32.18%), and 52-week users (159/1240, 12.82%).
Compared with the 1-week users, the 5- and 52-week users had 57% higher odds (odds ratio [OR] 1.57, 95% CI 1.13-2.17;
P=.007) and 124% higher odds (OR 2.24, 95% CI 1.45-3.43; P<.001), respectively, of being abstinent at 12 months. Smokefree
users were clustered into 3 groups: 1-week users (645/1309, 49.27% of the sample), 4-week users (395/1309, 30.18%), and 5-week
users (269/1309, 20.55%). Compared with the 1-week users, 5-week users (but not 4-week users; P=.99) had 48% higher odds
(OR 1.48, 95% CI 1.05-2.07; P=.02) of being abstinent at 12 months. In general, the WebQuit intervention had a greater number
of weekly log-ins within each of the 3 trajectory groups as compared with those of the Smokefree intervention. Baseline
characteristics associated with trajectory group membership varied between websites.

Conclusions: Patterns of 1-, 4-, and 5-week usage of websites may be common for how people engage in eHealth interventions.
The 5-week usage of either website, and 52-week usage only of WebQuit, predicted a higher odds of quitting smoking. Strategies
to increase eHealth intervention engagement for 4 more weeks (ie, from 1 week to 5 weeks) could be highly cost effective.

Trial Registration: ClinicalTrials.gov NCT01812278; https://www.clinicaltrials.gov/ct2/show/NCT01812278 (Archived by
WebCite at http://www.webcitation.org/6yPO2OIKR)

(J Med Internet Res 2018;20(4):e10143)   doi:10.2196/10143
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Introduction

Electronically delivered health interventions (or eHealth
interventions), such as websites and mobile apps, have been
successful methods of health behavior change [1-4]. In this body
of research, people who engage more with eHealth interventions
tend to have better treatment outcomes [5]. However, while
eHealth intervention engagement is usually measured with
simple counts of the number of log-ins and modules completed
[5], little is known about how users engage with eHealth
interventions over time and whether those temporal patterns
predict better treatment outcomes. In the educational literature,
a well-documented finding is that learning new material
becomes more effective when it occurs over a longer period of
time as opposed to over a short period of time [6]. This process,
called spaced practice, works by way of increasing variability
in learning and remembering new information [7].

Websites and mobile apps for health behavior change are usually
available for participants to use at will, which results in high
variations of individual usage patterns, or usage trajectories,
over time. For example, some users may follow a trajectory of
logging in several times within the first few days of starting an
intervention and then never return. Others may follow a
trajectory where they log in consistently and then gradually
taper off. And other users may follow a trajectory where they
consistently log in over the course of many months. It is possible
that some groups of individuals follow unique usage trajectories
over time that are associated with differential health outcomes.
For example, people who log in consistently over the course of
many months might have positive health outcomes because they
have consistently benefited from the information and skills
presented in the intervention. Alternatively, consistent log-ins
may be a marker of ongoing challenges and struggles to change
a health behavior, and thus may indicate poorer treatment
outcomes. Since we do not know which trajectories of use
predict successful behavior change, studying distinct groups of
usage trajectories that people follow can help us identify which
usage patterns are beneficial and make recommendations for
future program use. This will help inform the design of eHealth
interventions to improve successful behavior change.

Within the social and behavioral sciences, identifying usage
trajectories has been applied for several decades to
understanding behavior patterns over time [8-11]. More recently,
a few studies have analyzed usage trajectories for eHealth
interventions. One study examined 8-week usage trajectories
of a diabetes management mobile app. The study found 3 distinct
trajectories of usage and described the clusters of people
following these trajectories as minimal users, intermittent
waning users, and consistent users [12]. However, the study
was limited by a small sample size (N=84), as well as short
duration (8 weeks), and whether the trajectories predicted health
outcomes was not reported. Other research identified 5 distinct
usage trajectories of a short message service (SMS)
text-messaging–based smoking cessation program over 5 weeks,
namely high engagement, increasing engagement, rapid
decrease, delayed decrease, and low engagement [13]. The study
found that the high engagement and increasing engagement

groups were more likely than the other groups to be abstinent
over the course of 5 weeks.

If eHealth intervention usage trajectories that predict health
outcomes can be identified, understanding the groups of
individuals who tend to follow more or less successful
trajectories is an important next step. This would reveal the
qualities of individuals who are likely to have engagement
patterns that are related to successful and unsuccessful outcomes.
Knowing these baseline characteristics might allow researchers
and intervention designers to tailor eHealth interventions to
users’ unique challenges, needs, and limitations. While studies
have found that being a woman, being older, and having a higher
education are generally consistent predictors of greater eHealth
intervention usage [14-17], very little is known about the user
characteristics that are associated with different patterns of use
over time. To our knowledge, only 1 study has examined this
question [12] and found that being female and having higher
baseline motivation were associated with more consistent log-in
trajectories.

Using the example of smoking cessation websites, in this study
we aimed to determine (1) distinct groups of log-in trajectories,
(2) their prediction of the smoking cessation outcome, and (3)
baseline user characteristics that are associated with different
usage trajectory groups. The overall goal was to advance the
study of analytic methods of user engagement and, ultimately,
the design of more effective interventions that are tailored to
users and their longitudinal patterns of engagement. To
accomplish these aims, in this study we analyzed 365
consecutive days of log-in data from both arms of a large
(N=2637), 2-arm randomized trial of website interventions for
smoking cessation (NCT01812278).

Methods

Participants
As described in the main outcome article for the trial [18], we
recruited participants (N=2637) from across the United States
to participate in a study comparing 2 Web-delivered smoking
cessation programs. Participants were recruited between March
24, 2014 and August 11, 2015. To be eligible for the study,
participants had to be adult smokers in the United States (≥18
years of age), smoking at least 5 cigarettes daily, motivated to
quit in the next 30 days, and have internet access. The 2637
participants were assigned to 1 of 2 Web-based smoking
cessation interventions using stratified black randomization (on
smoking frequency, education, and sex): WebQuit (n=1319;
experimental arm) [18] or Smokefree (n=1318; control arm)
[19].

Smoking Cessation Interventions
Participants accessed their assigned website with a unique
username and password. For the first 4 weeks, all participants
in both programs could opt to receive up to 4 short daily tips
via SMS text messaging or email, which were designed to
increase engagement. Participants were free to use their assigned
program as they wished for 1 year from the date of enrollment.

The WebQuit program was based on acceptance and
commitment therapy (ACT) [20], an approach that teaches skills
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to smokers to let their urges pass without smoking. The program
had 4 parts. Step 1, Make a Plan, enabled users to develop a
personalized quit plan, identify smoking triggers, learn about
US Food and Drug Administration (FDA)-approved cessation
medications, and upload a photo of their inspiration to quit
(ACT processes: Values and Committed Action). Step 2, Be
Aware, contained 3 exercises to illustrate the problems with
trying to control thoughts, feelings, and physical sensations
rather than allowing them to come and go (ACT process:
Creative Hopelessness). Step 3, Be Willing, contained 8
exercises to help users practice allowing thoughts, feelings, and
physical sensations that trigger smoking (ACT processes:
Willingness, Being Present, and Cognitive Defusion). Step 4,
Be Inspired, contained 15 exercises to help participants identify
deeply held values inspiring them to quit smoking and to
exercise self-compassion in response to smoking lapses (ACT
processes: Values and Self-as-Context). The program also
prompted users to track smoking, cessation medications, and
practice of ACT skills. Tracking results were displayed
graphically along with the user’s inspiration for quitting and
badges earned for program use. Participants could log in and
use the program as much as they liked.

For the control arm, we hosted a secured private version of the
US National Cancer Institute’s Smokefree.gov site. This
intervention was also named WebQuit so that participants would
be blinded to group assignment. Smokefree follows the US
clinical practice guidelines [21] and provides standard treatment
that teaches skills to smokers to avoid urges. Users were able
to navigate through all pages of the website at any time, and
there were no restrictions on the order in which they could view
the content. Smokefree had 3 main sections: Quit Today,
Preparing to Quit, and Smoking Issues. The Quit Today section
had 7 pages of content that provided tips for the quit day, staying
smoke-free, and dealing with cravings. The section also provided
information on withdrawal, benefits of quitting, and
FDA-approved cessation medications. The Prepare to Quit
section had 7 content pages providing information on various
reasons to quit, what makes quitting difficult, how to make a
quit plan, and using social support during a quit attempt. The
Smoking Issues section provided 5 pages on health effects of
smoking and quitting, depression, stress, secondhand smoke,
and coping with the challenges of quitting smoking for the
lesbian, gay, bisexual, and transgender community. The section
also contained 5 quizzes that provided feedback about level of
depression, stress, nicotine dependence, nicotine withdrawal,
and secondhand smoke, as well as tips for coping with them.

Measures

Baseline Characteristics
At baseline, participants reported on demographics, alcohol use,
smoking history, and whether they had a partner and friends
who smoked. We measured nicotine dependence with all 6 items
of the Fagerström Test for Nicotine Dependence (FTND) [22].
Participants also filled out the Commitment to Quitting Scale
[23], which has 8 items measuring participants’ motivation to
stay abstinent (example item, “I’m willing to put up with
whatever discomfort I have to in order to quit smoking.”). The
scale, which has been used in multiple smoking cessation trials

[18,24], has been shown to have good reliability and validity
[23]. We screened participants for mental health conditions
including depression (Center for Epidemiologic Studies
Depression scale) [25], generalized anxiety (Generalized
Anxiety Disorder 7-item scale) [26], panic disorder (Autonomic
Nervous System Questionnaire) [27], posttraumatic stress
disorder (PTSD; PTSD Checklist) [28], and social anxiety
(mini-Social Phobia Inventory) [29]. We included the results
as covariates and predictors, since prior research has shown that
mental health symptoms are a predictor of engagement in
eHealth interventions [30,31].

Engagement
For each participant, we recorded time- and date-stamped log
file records of each page opening. For this analysis, we used a
binary measure indicating whether each participant logged in
at least once each day (ie, had at least one page opening recorded
in the log file data). Using this method, we obtained for each
participant a 0/1 code for each day for 365 days from the date
of randomization.

Cessation Outcome
The primary outcome of the study was self-reported 30-day
point prevalence abstinence (ie, no smoking at all in the past
30 days) at 12-month follow-up. Self-reported smoking or
abstinence is a standard method for assessing the efficacy of
Web-delivered interventions [32]. The Society for Research on
Nicotine and Tobacco Subcommittee on Biochemical
Verification has suggested that biochemical confirmation is not
necessary in population-based studies with no face-to-face
contact and in studies where data are collected through the Web,
telephone, or mail because of low demand characteristics of
these studies [33,34].

Statistical Analyses
To determine distinct groups of log-in trajectories for each
website, we used a functional clustering approach consisting of
3 steps: (1) presmoothing the binary daily engagement time
series; (2) conducting functional principal component analysis
[35], a dimension reduction procedure to summarize each
participant’s log-in trajectory by low-dimensional functional
principal component scores; and (3) applying the clustering
large applications algorithm [36] to the derived functional
principal component scores. This procedure does not rely on
any assumptions on the shapes of trajectories and is capable of
handling large datasets and complex missing data patterns. We
determined the total number of trajectories for each website
using predictive strength [37], which is a statistical criterion to
assess how many groups can be predicted from the data and
how well. We obtained each study participant’s log-in trajectory
by transforming longitudinal sequences of log-in time stamps
into a binary time series indicating log-in occurrence each day.
Note that we chose not to use latent class growth curve
approaches that have been used in other eHealth intervention
engagement studies [12,13] because these methods do not handle
very densely recorded longitudinal data without substantial data
reduction (eg, reducing data into weekly or monthly log-in
counts per participant) and often rely on restrictive assumptions
on the shapes of trajectories.
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After determining distinct trajectory clusters, we applied logistic
regression models to investigate the associations between the
trajectory clusters and the smoking cessation outcome. Both
unadjusted and covariate-adjusted regression models were fitted.
For covariate-adjusted models, we selected variables by stepwise
Akaike information criterion (AIC) in both backward and
forward directions. Covariates considered for adjustment were
the baseline characteristics described above in the Measures
subsection, including commitment to quit smoking, to control
for participant characteristics that may confound any association
with cessation outcomes. Finally, to identify baseline user
characteristics associated with trajectory membership, we
applied multinomial logistic regression models with baseline
covariates as predictors and the log-in trajectory clusters as

outcome. We selected variables in the final multivariate model
via a stepwise AIC procedure from a pool of candidate baseline
covariates that had a univariate association with log-in trajectory
clusters.

Results

Description of Sample
Table 1 shows the baseline demographics and participant
characteristics in both the WebQuit and Smokefree arms.
Overall, participants were on average 46 years old, about 80%
were female, about 80% were white, about 52% were employed,
and about 72% had greater than high school education.

Table 1. Summary of baseline characteristics of participants from both WebQuit and Smokefree arms, by log-in trajectories. LGBT: lesbian, gay,
bisexual, and transgender; FTND: Fagerström Test for Nicotine Dependence; PTSD: posttraumatic stress disorder.

Smokefree (n=1309)WebQuit (n=1240)Participant characteristics

Overall5-week users

(n=269)

4-week users

(n=395)

1-week users

(n=645)

Overall52-week users

(n=159)

5-week users

(n=399)

1-week users

(n=682)

46.2 (13.3)48.1 (12.8)46.0 (13.8)45.4 (13.2)46.4 (13.3)51.4 (12.6)47.4 (12.5)44.6 (13.6)Age (years), mean (SD)

272 (20.8)49 (18.2)90 (22.8)133 (20.6)248 (20.0)32 (20.1)67 (16.8)149 (21.8)Male, n (%)

463 (35.4)89 (33.1)140 (35.4)234 (36.3)493 (39.8)56 (35.2)174 (43.6)263 (38.6)Married, n (%)

676 (51.6)118 (43.9)196 (49.6)362 (56.2)649 (52.3)83 (52.2)212 (53.1)354 (51.9)Working, n (%)

362 (27.7)70 (26.0)107 (27.1)185 (28.7)344 (27.7)42 (26.4)98 (24.6)204 (29.9)High school or less, n (%)

135 (10.3)30 (11.2)42 (10.6)63 (9.8)109 (8.8)14 (8.8)32 (8.0)63 (9.2)LGBT, n (%)

1069 (81.7)218 (81.0)321 (81.3)530 (82.2)1004 (81.0)123 (77.4)323 (81.0)558 (81.2)White, n (%)

121 (9.2)27 (10.0)42 (10.6)52 (8.1)92 (7.42)6 (3.8)34 (8.5)52 (7.6)Hispanic, n (%)

575 (45.6)121 (46.9)169 (44.5)285 (45.7)504 (43.1)70 (46.1)165 (43.9)269 (42.0)Any quit attempt in last 12
months, n (%)

5.63 (2.17)5.33 (2.32)5.71 (2.17)5.70 (2.10)5.62 (2.19)5.58 (2.21)5.54 (2.18)5.68 (2.19)FTND score, mean (SD)

Smoking characteristics

1031 (78.8)195 (72.5)313 (79.2)523 (81.1)980 (79.0)128 (80.5)313 (78.4)539 (79.0)Half a pack or more, n
(%)

1042 (79.6)223 (82.9)310 (78.5)509 (78.9)996 (80.3)139 (87.4)327 (82.0)530 (77.7)>10 years, n (%)

924 (70.6)200 (74.3)270 (68.4)454 (70.4)853 (68.8)115 (72.3)279 (69.9)459 (67.3)Partner smokes, n (%)

2.2 (1.6)2.3 (1.7)2.1 (1.6)2.3 (1.6)2.2 (1.6)2.1 (1.7)2.1 (1.6)2.2 (1.6)No. of friends who
smoke, mean (SD)

4.00 (0.77)4.04 (0.82)3.96 (0.73)4.01 (0.77)3.99 (0.75)3.94 (0.77)3.97 (0.75)4.01 (0.74)Commitment score, mean
(SD)

Mental health measures, n (%)

731 (56.2)149 (55.8)208 (52.9)374 (58.4)688 (55.7)80 (50.3)208 (52.3)400 (59.0)Depression

461 (35.3)93 (34.6)130 (33.0)238 (37.0)410 (33.3)41 (25.8)123 (31.1)246 (36.4)Anxiety

404 (30.9)88 (32.8)125 (31.7)191 (29.7)357 (28.9)37 (23.4)123 (30.8)197 (29.0)Social anxiety

582 (49.3)117 (48.3)173 (49.3)292 (49.7)529 (47.7)58 (42.3)167 (47.6)304 (49.0)Panic

687 (52.6)143 (53.2)187 (47.5)357 (55.4)647 (52.4)72 (45.3)207 (52.1)368 (54.3)PTSD

141 (11.1)23 (8.7)36 (9.5)82 (13.0)134 (11.0)13 (8.6)38 (9.7)83 (12.4)Hazardous alcohol use, n
(%)

82 (6.3)14 (5.2)31 (7.8)37 (5.7)66 (5.32)10 (6.3)20 (5.0)36 (5.3)Alcohol or drug abuse, n
(%)
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There were no baseline differences between treatment arms on
how often participants had used the internet in the last 30 days

(χ2
2, n=2495=2.3, P=.32). Fewer than half (about 42%) of the

participants had made a quit attempt in the last year, and about
80% of the sample had been smoking for more than 10 years,
with an average FTND score of 5.6 (moderate nicotine
dependence). The data retention rate was 87.56% (2309/2637)
and did not differ between arms.

Description of Distinct Groups of Trajectories
The functional clustering analysis of 52 weeks of log-ins
revealed 3 distinct groups of trajectories for each of the
intervention websites. Figure 1 shows log-in patterns for the
first 16 weeks for WebQuit (left) and for Smokefree (right).
The trajectories were easiest to visualize for the first 16 weeks
of use. However, Multimedia Appendix 1 shows the full 52
weeks for reference. For the WebQuit website (Figure 1, left),
the first trajectory group (682/1240, 55.00% of sample) logged
at least one day in the first week and then had almost no log-ins
after that. They were termed 1-week users. The second trajectory
group (399/1240, 32.18% of sample) logged in an average of
1.8 days in the first week, 0.8 days in the second week, once
every 3 weeks until week 5, and had very sporadic log-ins in
week 6 and beyond. They were termed 5-week users. The third
trajectory group (159/1240, 12.82% of sample) logged in an
average of 3.7 days in the first week, 3.3 days in the second
week, 2.7 days in the third week, 2.4 days in the fourth week,
1.6 days in week 5, once in week 6, and then on average once
every month starting in week 7 and continuing in this pattern
until week 52. They were termed 52-week users.

For the Smokefree website (Figure 1, right), the first trajectory
group (645/1309, 49.27% of sample) logged in less than once
on average in the first week and then had almost no log-ins after

that. As with WebQuit, they were termed 1-week users. The
second trajectory group (395/1309, 30.18% of sample) logged
in once in week 1, every other week until week 4, and then had
almost no log-ins after that. They were termed 4-week users.
The third trajectory group (269/1309, 20.55% of sample) logged
in an average of 1.5 days in weeks 1 and 2, once in week 3,
every other week over the period of weeks 4 to 5, and then had
almost no log-ins after that. They were termed 5-week users.
Note also that in both intervention arms, there was a pattern of
a spike in log-ins at week 12, corresponding to the invitation to
complete the 12-week outcome survey that, while completely
independent of the interventions, likely triggered some users to
engage with their assigned intervention website.

Trajectory Membership Prediction of Smoking
Cessation Outcome
Table 2 shows each intervention arm’s trajectory group
membership as a predictor of 30-day point prevalence abstinence
at the 12-month follow-up. For WebQuit, abstinence rates for
these 3 trajectory groups were 116/562 (20.6%) for 1-week
users, 100/370 (27.0%) for 5-week users, and 51/149 (34.2%)
for 52-week users. Compared with 1-week users, 5-week users
had 57% higher odds (OR 1.57, 95% CI 1.13-2.17; P=.007) of
being abstinent at 12 months, and 52-week users had 124%
higher odds (OR 2.24, 95% CI 1.45-3.43; P<.001) of being
abstinent at 12 months. These models adjusted for the baseline
covariates selected as outlined in the Methods section and
included smoking half a pack or more, the commitment to
quitting score, and screening positive for panic disorder.
Descriptively, for Smokefree, abstinence rates for the 3
trajectory groups were 139/562 (24.7%) for 1-week users,
85/349 (24.4%) for 4-week users, and 81/252 (32.1%) for
5-week users.

Figure 1. Average weekly log-in trajectory for each cluster from the (left) WebQuit (n=1240) arm and (right) Smokefree (n=1309) arm for first 16
weeks of use.
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Table 2. Logistic regression models predicting 12-month smoking cessation outcome by groups of engagement trajectories and other covariatesa.

P value95% CIOdds ratioArm and covariate

WebQuit

.0071.13-2.171.575-week users

<.0011.45-3.432.2452-week users

.0020.41-0.820.58Half a pack or more

<.0011.37-2.101.69Commitment

.060.55-1.010.75Panicb

Smokefree

.990.73-1.371.004-week users

.021.05-2.071.485-week users

.020.50-0.940.69High school or less

.100.55-1.060.76Smoking >10 years

.050.57-0.990.75Smokes within 5 minutes of waking

<.0011.41-2.071.71Commitment

.0010.47-0.840.62Partner smokes

aReference group: 1-week users. Only significant predictors have been included in this table for ease of reading.
bRefers to whether participants screened positive for panic disorder.

Table 3. Multinomial logistic regression results predicting log-in trajectory cluster membership from baseline characteristicsa.

95% CIOdds ratioArm, cluster, and characteristic

WebQuit

5-week users

0.93-1.751.27Smoking >10 years

0.96-1.641.25Not anxiousb

52-week users

1.14-3.141.90Smoking >10 years

1.06-2.331.56Not anxious

Smokefree

4-week users

0.85-1.611.16Less than half a pack

1.03-1.721.33Unemployed

1.11-1.851.43No posttraumatic stress disorderc

5-week users

1.23-2.441.72Less than half a pack

1.33-2.381.79Unemployed

0.88-1.561.16No posttraumatic stress disorder

aReference group: 1-week users. Only significant predictors have been included in this table for ease of reading.
bRefers to screening negative for generalized anxiety disorder.
cRefers to screening negative for posttraumatic stress disorder.

Compared with 1-week users, 4-week users were not more likely
to be abstinent at 12 months (OR 1.00, 95% CI 0.73-1.37;
P=.99), but 5-week users had 48% higher odds of being
abstinent (OR 1.48, 95% CI 1.05-2.07; P=.02). This analysis
adjusted for selected baseline covariates of education, smoking

more than 10 years, smoking within 5 minutes of waking,
commitment to quitting, and whether one has a partner who
smokes.
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Baseline Characteristics Predicting Trajectory
Membership
Since the groups of trajectories were different across the 2 arms,
we explored the baseline characteristics predicting membership
in the groups for the 2 arms separately. For WebQuit, baseline
characteristics associated with trajectory membership were age,
smoking for at least the past 10 years, screening positive for
depression, and screening positive for anxiety (all P<.05; results
not shown). Controlling for the impact of related covariates,
the adjusted multivariate regression model selected by stepwise
AIC procedure showed that smoking for at least the past 10
years and screening negative for anxiety each, respectively,
predicted a 90% higher odds (OR 1.90, 95% CI 1.14-3.14) and
a 56% higher odds (OR 1.56, 95% CI 1.06-2.33) of being a
52-week user (compared with being a 1-week user) (Table 3).
Since smoking history is partly a reflection of one’s age, and
the variables age, smoking history, and anxiety were correlated
with each other, when we calculated a model containing age
(categorized by decade), only age emerged as a significant
predictor (see Multimedia Appendix 2).

For Smokefree, the baseline characteristics associated with
trajectory membership in univariate analysis were being
unemployed, smoking less than half a pack per day, and
screening as not having PTSD (all P<.05; results not shown).
Controlling for the impact of related covariates, the multivariate
regression model showed that smoking less than half a pack per
day predicted a 72% higher odds (OR 1.72, 95% CI 1.23-2.44)
of being a member of the 5-week group, compared with the
1-week user group (Table 3). Being unemployed predicted a
79% higher odds (OR 1.79, 95% CI 1.33-2.38) of being a
member of the 5-week user group relative to the 1-week group.
Screening negative for PTSD predicted 43% higher odds (OR
1.43, 95% CI 1.11-1.85) of being a member of the 4-week user
group relative to the 1-week user group. There was no evidence
in either sample that sex predicted trajectory membership (all
P>.05).

Discussion

Principal Findings
To our knowledge, this was one of few studies to analyze usage
trajectories of eHealth interventions and examine the association
between trajectory group membership and health outcomes
[12,13]. The study found (1) 3 distinct groups of log-in
trajectories for 2 Web-delivered interventions for smoking
cessation, (2) that these trajectory groups differentially predicted
smoking outcomes at 12 months, and (3) that certain user
characteristics are associated with membership in certain
trajectory groups. A 5-week usage of either website, and
52-week usage only of WebQuit, predicted a higher odds of
quitting smoking. In general, the WebQuit intervention had a
greater number of weekly log-ins within each of the 3 trajectory
groups as compared with those of the Smokefree intervention.
These major results are synthesized and interpreted in greater
detail in this discussion.

Usage Trajectories and Health Outcomes
Regarding the first trajectory group, half the participants in both
arms were 1-week users, which is a significant concern because
they were the least likely to abstain from smoking at 12 months.
Thus, it is imperative to learn why a participant would have
almost no log-ins after a single week of use. User-centered
design research, including laboratory observations and diary
studies, could help elucidate the qualities of the intervention
that cause an individual to discontinue use of the website. These
individuals might benefit from a more intensive intervention,
an eHealth intervention that uses a different treatment model,
or one that is not eHealth (eg, individual telephone coaching).
Regarding the second trajectory group, 5-week users were more
likely to quit smoking in the WebQuit intervention (as well as
for Smokefree, which had 5-week users as its third trajectory
group). These results suggest that strategies to increase eHealth
intervention engagement for 4 more weeks (ie, from 1 week to
5 weeks) could be highly cost effective. Example strategies
worth testing include (1) proactive check-ins (via text message
or phone calls) from staff about progress with the website, (2)
daily automated text messages notifying the user of new content
now available on the website, (3) rewards for each day’s use of
the website with badges or redeemable prizes, and (4) a 5-week
challenge that shows other users’ daily log-in progress toward
the goal of 5 weeks of usage.

Regarding the third trajectory group, each intervention website
had distinct log-in patterns that are likely explained by differing
website structures. For Smokefree, this group was the 5-week
users. The fact that they had almost no log-ins at 5 weeks and
beyond is likely a reflection of Smokefree’s structure—an
informational resource for users, functioning like reference
material. Thus, 5 weeks may be sufficient time for a user to
glean all needed information from Smokefree and apply it
appropriately to quitting smoking, as they had 48% higher odds
of quitting smoking (compared with 1-week users). For
WebQuit, this group was the 52-week users, who had 124%
higher odds of quitting smoking (compared with 1-week users).
Their much longer-term engagement is likely a reflection of
WebQuit’s structure—a step-by-step skills-based program that
includes tracking progress with urges and smoke-free days. This
program structure may have encouraged long-term, spaced skills
practice [6], which may have contributed to the 34% 12-month
quit rates observed in WebQuit’s third trajectory group. In
general, the findings for both websites’ third trajectory group
suggest that consistent use of each program over time is
prognostic of a better health outcome, which is contrary to the
notion that consistent log-ins may be a marker of ongoing
challenges and struggles to change a health behavior.
E-intervention design should thus focus on methods to
encourage engagement over time, which may include strategies
similar to those suggested above.

Personal Characteristics and Usage Trajectories
The impact of personal characteristics on usage trajectories
appeared to vary by intervention. Specifically, WebQuit users
who had smoked for at least 10 years were more likely to be
5-week users and nearly twice as likely to be 52-week users
than 1-week users. However, smoking history differences may
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be a reflection of age: users aged 50 years and over were over
8 times more likely to be 52-week users. This finding is
consistent with past research showing that being older is a
predictor of higher eHealth use [14-17], even though it was
found only for WebQuit, not Smokefree, in this analysis. On
the other hand, participants who screened positive for a mental
health condition in either website (PTSD in Smokefree, and
anxiety or depression in WebQuit) were more likely to be
1-week users, which suggests the need develop strategies to
promote longer-term engagement for people with mental health
disorders. There was no evidence in this study that sex predicted
trajectory membership. Nonetheless, we recommend that future
research examine many subgroup differences (eg, sex, race,
age) in eHealth intervention trajectories as research on this
model methodology expands to a wide variety of populations.
Overall, these analyses suggest a need for further research on
what baseline factors might predict different usage trajectories,
and therefore inform the development of tailored interventions
that facilitate long-term, consistent engagement, based on an
individual’s specific baseline characteristics.

Limitations and Future Directions
The study had several key limitations. First, we tested only 2
websites, and both were focused on smoking cessation; thus,
future research should examine the extent to which results
generalize to other behaviors and to other types of eHealth
interventions. Second, cessation outcome data were self-reported
for reasons stated in the Methods. Remote biochemical
validation of smoking cessation would have introduced biases,
including low response rates, prohibitive cost, challenges with
confirming the identity of the person providing the sample, and
inability to confirm abstinence beyond 24 hours [33,34].

Conclusions
In general, the WebQuit intervention had a greater number of
weekly log-ins within each of the 3 trajectory groups as
compared with those of the Smokefree intervention. The 1-, 4-,
and 5-week usage of websites may be common patterns of how
people engage in eHealth interventions over time. The 5-week
usage of either website, and 52-week usage only of WebQuit,
predicted a higher odds of quitting smoking. Strategies to
increase eHealth intervention engagement for 4 more weeks
(ie, from 1 week to 5 weeks) could be highly cost effective.
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Abstract

Background: Comorbid depression is a significant challenge for safety-net primary care systems. Team-based collaborative
depression care is effective, but complex system factors in safety-net organizations impede adoption and result in persistent
disparities in outcomes. Diabetes-Depression Care-management Adoption Trial (DCAT) evaluated whether depression care could
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be significantly improved by harnessing information and communication technologies to automate routine screening and monitoring
of patient symptoms and treatment adherence and allow timely communication with providers.

Objective: The aim of this study was to compare 6-month outcomes of a technology-facilitated care model with a usual care
model and a supported care model that involved team-based collaborative depression care for safety-net primary care adult patients
with type 2 diabetes.

Methods: DCAT is a translational study in collaboration with Los Angeles County Department of Health Services, the second
largest safety-net care system in the United States. A comparative effectiveness study with quasi-experimental design was
conducted in three groups of adult patients with type 2 diabetes to compare three delivery models: usual care, supported care,
and technology-facilitated care. Six-month outcomes included depression and diabetes care measures and patient-reported
outcomes. Comparative treatment effects were estimated by linear or logistic regression models that used generalized propensity
scores to adjust for sampling bias inherent in the nonrandomized design.

Results: DCAT enrolled 1406 patients (484 in usual care, 480 in supported care, and 442 in technology-facilitated care), most
of whom were Hispanic or Latino and female. Compared with usual care, both the supported care and technology-facilitated care
groups were associated with significant reduction in depressive symptoms measured by scores on the 9-item Patient Health
Questionnaire (least squares estimate, LSE: usual care=6.35, supported care=5.05, technology-facilitated care=5.16; P value:
supported care vs usual care=.02, technology-facilitated care vs usual care=.02); decreased prevalence of major depression (odds
ratio, OR: supported care vs usual care=0.45, technology-facilitated care vs usual care=0.33; P value: supported care vs usual
care=.02, technology-facilitated care vs usual care=.007); and reduced functional disability as measured by Sheehan Disability
Scale scores (LSE: usual care=3.21, supported care=2.61, technology-facilitated care=2.59; P value: supported care vs usual
care=.04, technology-facilitated care vs usual care=.03). Technology-facilitated care was significantly associated with depression
remission (technology-facilitated care vs usual care: OR=2.98, P=.04); increased satisfaction with care for emotional problems
among depressed patients (LSE: usual care=3.20, technology-facilitated care=3.70; P=.05); reduced total cholesterol level (LSE:
usual care=176.40, technology-facilitated care=160.46; P=.01); improved satisfaction with diabetes care (LSE: usual care=4.01,
technology-facilitated care=4.20; P=.05); and increased odds of taking an glycated hemoglobin test (technology-facilitated care
vs usual care: OR=3.40, P<.001).

Conclusions: Both the technology-facilitated care and supported care delivery models showed potential to improve 6-month
depression and functional disability outcomes. The technology-facilitated care model has a greater likelihood to improve depression
remission, patient satisfaction, and diabetes care quality.

(J Med Internet Res 2018;20(4):e147)   doi:10.2196/jmir.7692

KEYWORDS

primary care; disease management; depression; diabetes mellitus; health information technology; telemedicine; comparative
effectiveness research; propensity score; population health; patient reported outcome measures

Introduction

Depression Care in Underserved Populations
Depression, an underdiagnosed comorbidity for those with
chronic illness [1], impairs functional status and worsens clinical
outcomes, including morbidity and mortality; it also increases
cost [2-5]. Diabetes doubles the risk of depression relative to
the general population; 10% to 15% of adults with diabetes also
have major depressive disorder [6,7]. The relationship between
diabetes and depression might be bidirectional [8,9]. Depression
with diabetes may significantly worsen the course of both
disorders, leading to reduced functioning and quality of life
[8-11].

Low-income, culturally diverse populations with chronic
illnesses have an even higher risk of depression [7,12,13].
Hispanics and Latinos have a higher prevalence of diabetes
compared with non-Hispanic whites [14] and are less likely to
meet glycated hemoglobin (HBA1c) and serum cholesterol goals
[15]. Racial and ethnic minority populations also experience
disparities in terms of mental health care, including appropriate
mental health diagnosis, counseling, antidepressant medication
prescriptions, and depression care follow-up [16-23]. Hispanics

and Latinos are less than half as likely as non-Hispanic whites
to receive guideline-level depression care [20].

Research has shown that there are effective ways to reduce these
disparities. For example, there is growing evidence that a
team-based collaborative depression care model is effective in
improving care for low-income patients (including racial and
ethnic minority populations) with chronic illnesses [24-27]. The
US Preventive Services Task Force recommends depression
screening, and an adaptive treatment approach has been shown
to be effective in helping patients find successful antidepressant
options or psychotherapy [28,29].

Safety-net primary care clinics are the preferred venue for
underserved patients to access depression care because it is a
common point of service delivery [30-32]. However, these
settings encounter a complex mix of patient, provider, and health
system factors that can impede the adoption of evidence-based
collaborative depression care and result in persistent disparities
in depression outcomes [33].

Safety-net systems organize and deliver a significant level of
health care and other related services to uninsured, Medicaid,
and other vulnerable populations [34]. Safety-net primary care
providers often find it challenging to engage patients with major
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depression, particularly when it is accompanied by chronic
illnesses, because the patient must participate in active and
ongoing depression symptom assessment and management in
addition to managing the other medical conditions [16,33,35-37].
Concurrently, minority patients are less likely to voluntarily
report depressive symptoms, may view depression as a moral
weakness or character flaw rather than an illness, and may be
more likely to ascribe symptoms of depression to a physical
illness [33,38]. Therefore, low-income, predominantly minority
patients in safety-net care systems often miss out on depression
diagnosis and follow-up assessments [33,39].

Diabetes-Depression Care-Management Adoption Trial
The Diabetes-Depression Care-management Adoption Trial
(DCAT) is a translational study in a large safety-net system of
primary care settings. The study compared a
technology-facilitated care (TC) model with a usual care (UC)
model and a supported care (SC) model to assess whether
technology could facilitate the adoption of collaborative
depression care for patients with type 2 diabetes. The DCAT
TC model is an information and communication technology
(ICT)–facilitated care management approach that harnesses
automated telephone assessment (ATA) technology and
integrates it with a disease management registry (DMR) system
to automate key aspects of depression care. The UC model is
standard care in a safety-net system in which primary care
physicians (PCPs) develop individualized treatment plans for
depression and diabetes care. The SC model is a team-based
collaborative care management approach that involves care
team staff members to provide depression and diabetes care.

The DCAT study is expected to fill two important gaps in
current collaborative depression care implementation research.
First, existing studies largely rely on labor-intensive, team-based
SC approaches to implement collaborative depression care
[24-27,40-43]. There is evidence that this SC model is effective
and can be cost-effective compared with UC [24-27,44-47].
However, it is challenging for SC teams to integrate depression
comorbidity care when patients are presented with other medical
conditions because of the intensive labor and time needed to
proactively screen for depression, follow up on treatment, and
monitor and manage long-term care [33,41,48]. By relieving
providers in resource-constrained safety-net clinics from many
labor-intensive tasks such as collecting, summarizing, and
reviewing individual or aggregate patient data to facilitate care,
automation can facilitate the adoption of collaborative
depression care. Therefore, DCAT tested ICT that automated
critical information collection and processing for depression
care tasks, including (1) Depression assessments and symptom
monitoring, (2) Patient self-management behavior prompting,
(3) Optimization of treatment follow-up, and (4) provider
collaborative communication.

Second, existing research has not fully addressed ways to
develop a patient-centered approach to implement collaborative
depression care for low-income, predominantly minority
safety-net patient populations. Prior studies have demonstrated
that the team-based approach can effectively implement
collaborative depression care in safety-net environments [24-27];
DCAT built on this evidence by applying the ICT to further

address language, time, and stigma barriers [33,41,48] affecting
safety-net patients. DCAT accomplished this by customizing
calls with the patient’s preferred language and call time, making
multiple attempts (if needed) to connect with the patient, and
establishing a private and machine-only venue to report sensitive
depression measures to reduce social desirability bias [49-51].
About 80% of the patients agreed or strongly agreed that the
DCAT-tested ICT was easy to use (86.2%, 94/109), nonintrusive
(87.1%, 95/109), and private and secure (75.9%, 82/108) [51].

Paper Purpose and Hypothesis
DCAT-related improvements have been reported in several
publications, including trial design [33], TC technology design
and evaluation [52], patient acceptance of the technology [51],
patient engagement [50], provider implementation reactions
[53], depression risk profiling and prediction [54,55], and
cost-effectiveness analysis (unpublished data, 2018, [56]). This
paper reports DCAT-related depression symptom and diabetes
care outcomes after 6 months. In addition, to provide the
patients’ perspective on treatment benefits, this paper includes
patient-reported outcomes, including physical and mental
well-being, functional impairment, and satisfaction with care
[57].

The main hypothesis of the paper is that, compared with the
UC group, both the TC and SC groups will have statistically
significant greater improvement in depression symptoms,
diabetes care processes and outcomes, and patient-reported
outcomes. TC uses an ATA system to ease the adoption of
collaborative depression care rather than direct clinical
intervention with patients; therefore, although the researchers
have no hypothesis on how TC outcomes will compare with SC
outcomes, this paper also explores whether the TC group will
have better outcomes than the SC group.

Methods

Diabetes-Depression Care-Management Adoption Trial
Study Design
DCAT is a translational study conducted in collaboration with
Los Angeles County Department of Health Services (LACDHS),
the second largest safety-net care system in the United States.
Institutional review board approval was obtained from the
University of Southern California, the Olive View–University
of California Los Angeles Medical Center, and the Los Angeles
Biomedical Research Institute.

Study Sites and Intervention Period
The study used a quasi-experimental comparative effectiveness
design to compare three delivery models in three groups: UC,
SC, and TC. Eight clinics were selected to participate in the
study based on criteria that reflected geographic and diabetes
care model diversity. These clinics were matched by geographic
location and patient sociodemographics to form the three study
groups. The patients were not randomly assigned; each patient
was assigned to a study group based on the clinic from which
he or she was recruited.

The UC group featured two community clinics and represents
the status quo of clinical practice, wherein the translation and
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adoption of depression care evidence is performed by PCPs and
their staffs. The SC and TC groups each featured two care teams
from an LACDHS diabetes disease management program (DMP)
to incorporate depression care. In both the SC and TC groups,
one of the two teams practiced in both a hospital-based
outpatient clinic and a satellite community clinic; the other team
practiced in a community clinic in a different geographic area.

The intervention period was 12 months, and the study occurred
from 2011 to 2013. During the first 6 months, the UC group

received usual primary care, whereas the SC group received
DMP-supported depression care, and the TC group received the
ATA application in the DMP setting. After 6 months, all SC
and TC patients were transferred back to their usual primary
care, although the ATA calls were continued for the full 12
months. This paper reports the 6-month outcomes.

Intervention Description
Table 1 shows the intervention elements of the UC, SC, and TC
models, described below.

Table 1. Intervention elements of the usual care (UC), supported care (SC), and technology-facilitated care (TC) models. ATA: automated telephone
assessment; DMP: disease management program; DMR: disease management registry; LACDHS: Los Angeles County Department of Health Service;
PCP: primary care physicians; PHQ-9: 9-item Patient Health Questionnaire; PST: problem-solving therapy.

Technology-facilitated careSupported careUsual careElements

Diabetes DMP-supported care; PST; ATA
linked to DMR enhanced with clinical deci-
sion support software

Diabetes DMP-supported care; PST; Inter-
active DMR system

Standard primary care; optional PSTCare paradigm

Two diabetes DMP teams in safety-net
clinics: one serving both hospital-based
outpatient clinic and a satellite community
clinic, and other serving in a community
clinic in a different geographic area

Two diabetes DMP teams in safety-net
clinics: one serving both hospital-based
outpatient clinic and a satellite community
clinic, and other serving in a community
clinic in a different geographic area

Two community non-DMP clinicsClinic setting

Depression educational pamphlets (in En-
glish) or fotonovella (in Spanish) adapted
for diabetes patients; Standard provider
contact and community resource informa-
tion

Depression educational pamphlets (in En-
glish) or fotonovella (in Spanish) adapted
for diabetes patients; Standard provider
contact and community resource informa-
tion

Depression educational pamphlets
(in English) or fotonovella (in
Spanish) adapted for diabetes pa-
tients; Standard provider contact and
community resource information

Patient education
and care resources

Psychiatrist expert conducts webinars about
collaborative depression care evidence, of-
fers PCP depression screening and treatment
didactic, and provides personal copy of the
Los Angeles County Department of Health
Services depression care protocol

Psychiatrist expert conducts webinars about
collaborative depression care evidence, of-
fers PCP depression screening and treatment
didactic, and provides personal copy of the
Los Angeles County Department of Health
Services depression care protocol

Psychiatrist expert conducts webina-
rs about collaborative depression
care evidence, offers PCP depres-
sion screening and treatment didac-
tic, and provides personal copy of
the Los Angeles County Department
of Health Services depression care
protocol

Physician education

Mandatory for DMP nurses, nurse practition-
ers, and social workers; conducted by psy-
chology and social work experts

Mandatory for DMP nurses, nurse practition-
ers, and social workers; conducted by psy-
chology and social work experts

Optional for UC cliniciansClinician training for
PST

Performed by the ATA system and en-
hanced DMR: Quarterly depression screen-
ing (PHQ-2) for nondepressed patients;
Monthly symptom monitoring (PHQ-2, -9,
other tailored questions) for depressed pa-
tients

Performed by DMP clinical social worker:
PHQ-9 screening when patients join the
DMP; Ongoing symptom monitoring per
clinical judgment based on LACDHS depres-
sion care protocol and treatment guideline

Standard care determined by PCP
practice

Depression screen
and ongoing symp-
tom monitoring

DMP based on the LACDHS protocol and
treatment guideline with ATA responses
and DMR data: identify at-risk patients,
determine treatment, and promptly follow
up on treatment adherence issues.

DMP based on the LACDHS protocol and
treatment guideline: Antidepressant with
optional PST; Option of community refer-
rals

Standard care: Antidepressant med-
ication; Referral to clinic social
worker or community mental health
care

Depression treat-
ment

DMP plus enhanced team care collaboration
facilitated by DMR: Reminders prompt
designated responders to follow up; Respon-
ders include DMP nurse, social worker,
medication prescriber or PCP, or psychia-
trist

DMP nurse initiates communication with
medication prescriber; Refers patient to so-
cial worker if patient refuses medication or
needs PST

LACDHS standard clinic collabora-
tion

Provider collabora-
tive communication

Monthly or quarterly automated telephone
calls prompt for relapse prevention.

Monthly telephone calls by nurse or social
worker

Standard carePatient relapse pre-
vention
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Usual Care Model

The UC model was standard primary care. UC clinicians were
offered an optional training opportunity (described in Provider
Training and Depression Treatment Protocol section below).

Supported Care Model

The SC model used the diabetes DMP team (comprising nurse
care managers, nurse practitioners, and a consulting or
supervising physician) to deliver depression care. SC diabetes
care management was designed to proactively identify, risk
stratify, and treat patients using clinical protocols that
emphasized patient empowerment. The DMP was nurse driven
and physician supervised and used structured approaches and
protocols; in these programs, nurses delivered the majority of
the diabetes care. The approaches included a patient-signed
commitment to take an active role in his or her diabetes care,
case management, PCP designation, group patient education,
self-management support, and care coordination. The
diabetes-specific management was provided initially via
in-person visits, with follow-up primarily via telephone visits.
The DMP included a homegrown, Web-based, interactive
chronic DMR system to support clinical assessment and
decisions. The DMP was designed for limited-time care
management (typically 6 months), after which patients were
transferred back to their primary medical providers.

During the study, the SC team supplemented diabetes
management with two periodic depression symptom screening
and monitoring tools: (1) the 9-item Patient Health
Questionnaire (PHQ-9) [58], a standard tool in each clinic’s
disease registry and (2) the LACDHS depression care protocol
and treatment guideline (see “Provider Training and Depression
Treatment Protocol”). In PHQ-9, the patient scores each of the
nine Diagnostic and Statistical Manual of Mental Disorders,
4th edition criteria as “0” (not at all) to “3” (nearly every day)
to provide both a dichotomous diagnosis of probable major
depression and a continuous severity score [58]. The SC
program also designated a social worker to provide
problem-solving therapy (PST), an evidence-based depression
treatment [59].

Technology-Facilitated Care Model

The TC model also operated in a DMP clinic setting with a
DMR and supplemental depression care based on the LACDHS
depression care protocol and treatment guideline. The TC model,
however, was designed to assist time-pressured clinical social
workers and medical and nursing providers by using an ATA
system to routinely screen and monitor patient depression
symptoms and treatment adherence and communicate the results
to providers. As described elsewhere [33,52], the ATA system
was linked with the DMR to automatically trigger depression
care management calls on a predetermined calendar schedule.
The call contents were individually tailored, driven by a
preprogrammed algorithm that scanned patient medical records
and call histories to determine applicable questions. The ATA
used a persona, “Amy,” who spoke in a natural voice rather
than a system-generated text-to-speech robotic voice to
administer the assessment questions. During study enrollment,
patients selected their preferred language (English or Spanish)
and preferred call time. The DCAT ATA built in both automated

speech recognition and interactive voice response technologies
[60] that allowed patients to either speak their responses to
Amy’s questions or punch numbers on a phone keypad.
Automated speech recognition has the advantage of eliminating
number-punching errors, which are a concern for diabetes
patients with sensing or vision problems. Unfortunately,
automated speech recognition was only available in English,
not Spanish, because of suboptimal recognition accuracy in
different Spanish accents.

There were two main ATA call scripts: one for screening and
one for monitoring. The screening calls were for people who
had no prior history of depression or who had been clear of a
depression diagnosis for at least 6 months. The ATA collected
information in four categories: (1) depressive symptoms; (2)
pain; (3) self-management activities, including regular physical
and fun activities; and (4) patient request to be contacted by a
provider. PHQ-2, the first two items of the PHQ-9, were used
for screening; if a patient score exceeded the cut-off of 3 points
out of the possible 6 points, the ATA automatically asked the
remaining PHQ-9 items. The monitoring calls were for
depressed patients; the monitoring calls addressed all four
categories and administered PHQ-9. If the patient had been
prescribed an antidepressant, the call asked questions about
medication adherence and side effects. If the patient was
receiving psychotherapy, the call asked questions about
problem-solving skills practice. Depending on the questions
asked and patient response time, each ATA call lasted about 2
to 5 min. If a patient did not answer the call, the ATA system
repeated the calling attempt multiple times a day for up to 1
week [52]. If a patient did not pick up the call within a week,
the scheduled call was forfeited, and the patient was contacted
again for the next scheduled call.

The telephone was selected as the communication platform
because phones were the most accessible technology among
safety-net patients at the time of the study. The calls were low
intensity (ie, one call every month for monitoring or every 3
months for screening based on each patient’s depression
condition) to balance information need and patient burden.
Clinic officials have reported that patients who are depressed
seem more likely to miss their scheduled visit appointments
and often delay or forgo calling for help when symptoms fail
to improve or worsen. The ATA system mitigated this dilemma
by contacting patients rather than relying on them to initiate
calls, proactively reaching patients and identifying their care
needs. The TC model did accommodate patients who preferred
a personal call over an automated call; in those cases, staff
members made the calls according to the patient’s language and
schedule preferences (25/366 or 6.8% of the patients made the
request).

The patient-reported ATA data were tethered to the DMR, which
in the TC model was enhanced by clinical decision support
software for provider collaborative communication. The decision
support software automatically generated task reminders and
alerts based on the patient records in the DMR and the
assessment data; the reminders and alerts prompted DMP
providers to follow up with specific patients in need of care.
For example, the automatically generated provider tasks in the
DMR would remind a care manager to follow up with a patient
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who self-reported an antidepressant adherence issue, task a
social worker to follow up with a patient with major depression
symptoms, or task a nonclinical assistant to address patient
callback requests. Task reminders included structured,
radio-button lists of potential care management actions with the
option of free text to support evidence-based practices and to
ease providers’ documentation burden.

If a patient expressed an inclination toward self-harm or suicide
(ie, responded to PHQ-9 question 9 with a score of 2=more than
half the days or 3=nearly every day), the ATA system
automatically initiated contact (via mobile phone SMS [short
message service] text message and email) with an emergency
response physician to get help for the patient. If the physician
did not respond within 15 min, the ATA system initiated contact
with the next physician on the emergency response team. This
process repeated up to the fifth physician (the first three were
psychiatrists and the last two were emergency medicine
physicians) to ensure the patient received attention. During the
study, the ATA was able to reach an emergency response
physician in every instance.

Provider Training and Depression Treatment Protocol
DMP depression care in both SC and TC was based on the
LACDHS depression care protocol and treatment guideline,
which was developed by the DCAT team and described in the
study design paper [33]. All SC and TC care providers were
trained by an expert psychiatrist in the collaborative depression
care model and adaptive treatment approach via one of three
webinars (each approximately 2 hours). They were also offered
training in PST via a 1-day (6-hour) workshop conducted by
an academic psychologist and a social worker faculty member
who are PST experts. UC providers were also invited to
participate in these training opportunities, but they were not
given time off from clinical duties to participate in the trainings.

While TC used technology to support providers for depression
symptom and treatment adherence monitoring and to facilitate
care coordination, SC providers monitored patients in the

traditional way by calling patients and coordinating care among
themselves. All patients in the SC and TC groups received
support from a nurse care manager by telephone or in the clinic;
in the TC group, patients also received the ongoing follow-up
ATA calls in English or Spanish. If a patient in either group
was confirmed for depression, weeks 1 to 8 of the depression
care protocol included first-line treatment with antidepressant
medication prescribed according to the protocol by the treating
physician or nurse practitioner. If the patient refused medication,
the care manager referred the patient to a social worker for six
to eight PST sessions.

During weeks 9 to 12, the care manager would refer patients
with a partial response (reduction in PHQ-9 scores) or
nonresponse back to the treating physician or nurse practitioner,
who would adjust antidepressant medication dosage (or
encourage nonmedicated patients to begin medication) and the
addition of PST. Patients with a full response (PHQ-9 score less
than 8) received monthly treatment maintenance and
relapse-prevention behavioral activation.

Consistent with the depression care protocol, patients with
persistent PHQ-9 scores of 10 or higher were offered additional
PST booster sessions; augmentation with low-dose trazodone,
an antidepressant medication that also helps treat anxiety and
insomnia; or referrals to specialty mental health care.

Participant Eligibility and Recruitment
Textboxes 1 and 2 show the eligibility and ineligibility criteria
for patients.

Every enrollee received a set of educational and community
resource materials in Spanish or English.

The enrollment period was from April 2011 to May 2012.
Patients with type 2 diabetes were identified for recruitment
from the DMR database and clinic records. Patients provided
verbal consent to bilingual research assistants during study
eligibility screening.

Textbox 1. Eligibility criteria for patients.

Eligibility criteria

• 18 years or older

• Had been diagnosed with type 2 diabetes

• Had a working phone number

• Spoke English or Spanish

• Could read and understand the consent form

Textbox 2. Ineligibility criteria for patients.

Ineligibility criteria

• Patients with baseline possible suicidal ideation

• Patients with cognitive impairment

• Patients with alcohol abuse

• Patients with recent lithium or antipsychotic medication
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Table 2. Primary outcome measures in the Diabetes-Depression Care-management Adoption Trial (DCAT), Los Angeles, 2011 to 2013. HBA1c:
glycated hemoglobin; PHQ-9: 9-item Patient Health Questionnaire; PST: problem-solving therapy; SF-12: 12-item Short Form Survey.

DescriptionVariables

Depression, measured at baseline and 6
months post intervention

Continuous variable assessing severity of depression. Scoring: PHQ-9 of 5-9=mild depression; PHQ-9
of 10-14=moderate depression; PHQ-9 of 15-19=major depression; PHQ-9 of 20-27=severe depression.
For purposes of this study, PHQ-9 ≥10 indicated depression serious enough to consider pharmacologic
or PST treatment.

PHQ-9 [58]

Dichotomous variable assessing effectiveness of treating patients with major depression. Depression
remission defined as baseline PHQ-9 ≥10 and 6-month PHQ-9 ≤8 with a reduction ≥50%.

Depression remission

Diabetes, measured at baseline and 6
months post intervention if not otherwise
indicated

Continuous variable assessing severity of diabetes. HBA1c value indicates average plasma glucose
concentration over prolonged periods.

HBA1c valuea

Dichotomous variable assessing diabetes care process.HBA1c testeda

Continuous variable assessing cholesterol levels and severity of dyslipidemiaTotal cholesterola

Days per week of diabetes self-care. Treated as a continuous variable.Diabetes self-care [61]

Days of participating in at least 30 min of exercise during previous week.Exercise

Patient reported outcomes, measured at
baseline and 6 months post intervention

Continuous variables assessing functional health and well-beingSF-12 physical score [62]

SF-12 mental score [62]

Self-reported tool assessing functional impairment in work or school, social, and family life.Sheehan Disability Scale [63,64]

Five-level score assessing diabetes care satisfaction. Treated as a continuous variable.Satisfaction with diabetes care

Five-level score assessing mental health care satisfaction. Treated as a continuous variable.Satisfaction with care for emotional
problems

Five-level score assessing mental care satisfaction of patients with major depression. Treated as a con-
tinuous variable.

Satisfaction with care for emotional
problems, baseline PHQ-9 ≥10

aThe HBA1c value, HBA1c tested, and total cholesterol value were obtained from the LACDHS electronic medical record system. The measurement
periods were within 3 months of baseline and 6-month post intervention. If more than one value was available, the values closest to the baseline and
the 6-month follow-up period were chosen.

Outcome Measures
Measures were taken at baseline and at 6, 12, and 18 months
by independent English-Spanish bilingual interviewers. Primary
outcomes included three depression outcomes, five diabetes
care measures, and six patient-reported outcomes measuring
physical and mental well-being, functional impairment, and
satisfaction with care (see Table 2).

Sample Size Calculation
The target sample size was based on power analysis for two
primary outcomes: reduction of depressive symptoms (measured
by PHQ-9 score) and depression remission. Power analyses
were conducted using nQuery (Statistical Solutions Ltd, Boston
MA) [65] to estimate effect sizes of the treatment with
nonrandomized pre- and postintervention comparisons and
longitudinal statistical approaches for repeated measures to
compare trends in depression-related outcomes. The calculations
assumed an alpha of .05, power of 0.80, attrition rates less than
20% at each 6-month follow-up assessment up to 18 months,

and 25% to 30% depression prevalence among patients with
diabetes [25]. For pre- and postintervention comparisons across
all three program conditions, a sample size of approximately
500 in each study group would allow detection of a small effect
size of 0.1.

Statistical Analysis
All analyses were carried out according to the intention-to-treat
rule consistent with standard practice in most clinical trials. The
propensity score method has proved to be an effective approach
to analyzing observational or quasi-experimental studies [66-70].
A propensity score is defined as the probability that a patient
is likely to receive treatment or control given the patient’s
baseline characteristics. Patients with the same propensity scores
are like those in a randomized controlled trial.

The classical propensity score method is only applicable to
two-way comparisons. Thus, we used a generalized propensity
score (GPS) method designed for comparing two or more
interventions versus one comparison group [71,72], wherein
the GPS is defined as the conditional probability that a patient
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is likely to be in a specific group given this patient’s baseline
characteristics. As recommended [72], a multinomial logistic
regression was used to estimate GPSs. The model used study
group as the dependent variable and the measured baseline
characteristics shown in Table 3 (see “Results”) as the
independent variables. We subsequently checked the distribution
of the estimated GPSs because comparisons between groups
are suspect if substantial separation occurs between study groups
[72-74].

Comparative treatment effects were estimated by linear or
logistic regression models that used outcomes at 6 months as
the dependent variable and study group, care team, outcome
variables at baseline, two of the three estimated GPSs, insulin
use, HBA1c, age, gender, and preferred language as the
independent variables. Regression that includes estimated GPSs
as covariates has been shown to be an effective tool to adjust
sample biases in observational or quasi-experimental studies
[71,72]. Three care team variables were used to adjust for
differences among providers. Two of the three estimated GPSs
adjusted for imbalance in baseline characteristics. Insulin use,
HBA1c, age, gender, and preferred language were included
because their effects on outcomes were of clinical interest; and
their inclusion is consistent with prior findings in behavioral
and clinical factors associated with depression in patients with
diabetes [75]. The coefficients of study group predicted
comparative treatment effects while controlling for other
covariates. All statistical analyses were conducted at 0.05
significance level (two-tailed) using SAS (SAS Institute Inc,
Cary NC) software, version 9.3.

Results

Baseline Characteristics and Participant Flow
A total of 1704 patients were screened, of which 101 patients
met the exclusion criteria, 128 patients refused to participate,
12 patients did not sign the Health Insurance Portability and
Accountability Act agreement, and 57 patients were excluded
after not completing the baseline assessment. Men had a
significantly lower enrollment rate than women (84.0%
[536/638] vs 89.02% [949/1066], respectively; P=.003), which
was partly associated with poor alcohol use scores (4.9%
[31/638] for men vs 0.56% [6/1066] for women).

Among the 1406 patients enrolled in DCAT (484 in UC, 480
in SC, and 442 in TC), 1309 patients (416 in UC, 461 in SC,
and 432 in TC) had complete data in the measures used in
estimating the GPSs after interviews at baseline. As shown in
Table 3, there were no significant differences in baseline
depressive symptoms measured by the PHQ-9 score, anxiety
symptoms measured by the Brief Symptom Inventory score,

functional disability measured by the Sheehan Disability Scale
(SDS), and the overall mental status measured by the 12-item
Short Form Survey mental score. SC and TC patients had higher
HBA1c compared with UC patients because the SC and TC
patients were enrolled from the DMP program designed for
patients with severe diabetes. Other significant differences were
diabetes self-care score and psychological stress measures
(economic stress, number of stressors, sum of stress level,
diabetes emotional burden, and diabetes regimen stress). The
unbalanced samples were expected because of the
quasi-experimental design. A Consolidated Standards of
Reporting Trials diagram outlining participant flow is shown
in Figure 1. See Multimedia Appendix 1 for comparison of
baseline characteristics of samples included in versus excluded
from the regression analysis. No significant differences were
identified.

Six-Month Outcomes
With the final sample size of 1087 (341 in UC, 380 in SC, and
366 in TC) to evaluate intervention effects, the study has the
statistical power of 0.80 to detect an effect size of Cohen d=0.12,
a small effect size. Regression analysis with GPS adjustment
results regarding 6-month outcomes in DCAT are shown in
Tables 4 and 5. The GPSs were estimated by the previously
described multinomial logistic regression model. The
distributions of the estimated GPSs across study groups were
similar; thus, treatment effects can be predicted based on the
estimated GPSs instead of actual group assignment.

Compared with UC, both SC and TC were significantly
associated with decreased PHQ-9 scores (least squares estimate,
LSE: UC=6.35, SC=5.05, TC=5.16; P value: SC vs UC=.02,
TC vs UC=.02) and reduced prevalence of depression as
measured by PHQ-9 ≥10 (SC vs UC: adjusted odds ratio,
AOR=0.45, 95% CI 0.23-0.88, P=.02; TC vs UC: AOR=0.33,
95% CI 0.17-0.65, P=.007). Only TC was significantly
associated with improved depression remission relative to UC
(AOR=2.98, 95% CI 1.08-8.25, P=.04), although SC came
close. There were no significant differences in depression
outcomes between the SC and TC groups.

Regarding diabetes care measures, no significant differences
existed between SC and UC. However, TC was significantly
associated with reduced total cholesterol level (LSE:
UC=176.40, TC=160.46; P=.01) and increased odds that the
patient would have an HBA1c test (TC vs UC: AOR=3.40, 95%
CI 1.58-7.31, P<.001). The latter was positively correlated with
depression remission (AOR=2.67, 95% CI 1.15-4.17, P=.004).
There were no significant differences in diabetes care measures
between the SC and TC groups.
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Table 3. Descriptive of baseline measures used in estimating the generalized propensity scores. PHQ-9: 9-item Patient Health Questionnaire; SC:
supported care; SF-12: 12-item Short Form Survey; TC: technology-facilitated care; UC: usual care.

TC vs SC

(P value)

TC vs
UC

(P value)

SC vs UC

(P value)

Technology-facilitat-

ed care (n=432)a
Supported care

(n=461)a
Usual care

(n=416)a
Baseline characteristic

.47<.001<.00152.63 (8.74)51.92 (9.29)55.15 (9.21)Age in years, mean (SD)

.66.02<.001266 (61.6)271 (58.8)293 (70.4)Female, n (%)

.003.23<.001390 (90.5)386 (83.7)389 (94.0)Latino, n (%)

.38.03<.001352 (81.5)360 (78.1)366 (88.0)Spanish as preferred language, n (%)

.72.50.9233.11 (7.16)32.73 (7.64)32.55 (7.04)Body mass index, mean (SD)

.02.47<.001306 (70.8)287 (62.3)310 (74.5)Less than high school education, n (%)

.96.99.96286 (66.2)30 (67.0)275 (66.1)Unemployed, n (%)

<.001.009.574.35 (2.10)3.76 (1.98)3.91 (2.44)Economic distressb, mean (SD)

.98.03.022.54 (2.11)2.57 (2.30)2.16 (2.20)Number of stressorsc, mean (SD)

.18.07<.00117.16 (16.87)19.26 (19.49)14.50 (16.23)Sum of stress leveld, mean (SD)

.15.39.876376.52 (3930.77)6839.82 (3854.07)6711.47 (3347.32)Predicted future health coste, mean (SD)

.76<.001<.00142.32 (9.84)41.84 (10.19)45.20 (10.52)Age at onset of diabetes, mean (SD)

.80<.001<.001282 (65.3)310 (67.2)114 (27.4)Insulin use, n (%)

.03.61.00243.96 (10.89)45.83 (10.91)43.24 (11.19)SF-12 physical, mean (SD)

.45.94.6650.39 (12.44)49.33 (14.16)50.09 (12.12)SF-12 mental, mean (SD)

.02.15.760.65 (0.48)0.73 (0.44)0.71 (0.45)Number of diabetes complicationsf, mean (SD)

<.001.03.541.56 (0.53)1.71 (0.63)1.67 (0.63)Whitty-9 diabetes symptoms scaleg, mean (SD)

<.001.22<.0012.53 (1.88)3.69 (2.08)2.75 (1.96)Diabetes emotional burdenh, mean (SD)

<.001.27<.0012.40 (1.85)3.61 (2.11)2.61 (1.91)Diabetes regimen stressh, mean (SD)

<.001.07<.0014.23 (1.23)4.76 (1.24)4.04 (1.34)Diabetes self-carei, mean (SD)

.65.96.816.44 (5.97)6.80 (6.43)6.55 (5.51)PHQ-9j, mean (SD)

.32.22.960.98 (2.72)1.27 (3.24)1.32 (3.02)Brief Symptom Inventoryk, mean (SD)

.98.78.872.06 (2.87)2.10 (3.00)2.19 (2.80)Sheehan Disability Scalel, mean (SD)

<.001.81<.00164 (14.8)116 (25.2)55 (13.2)Dysthymia, n (%)

<.001.68<.00117 (3.9)75 (16.3)23 (5.5)Previous diagnosis of major depressive disor-
der, n (%)

<.001<.001.6571 (16.4)129 (28.0)127 (30.5)Chronic pain, n (%)

<.001.33<.0014.67 (0.53)4.81 (0.50)4.61 (0.74)Satisfaction with diabetes care, mean (SD)

<.001<.001<.0014.52 (0.66)4.70 (0.63)4.22 (0.99)Satisfaction with care for emotional problems,
mean (SD)

.46<.001<.0019.73 (1.93)9.57 (2.20)8.37 (1.93)HBA1c value, mean (SD)

aValues are numbers (column percentage) for categorical variables and mean (SD) for continuous variables.
bAssessed by 12 general and health-related economic distresses, scored 0-12; higher scores indicate a higher level of economic distress.
cAssessed by 12 stressors related to work, family, social, and legal problems, scored 0-12; higher scores indicate a larger number of stressors.
dAssessed by 12 stressors related to work, family, social, and legal problems, each rated by level of stress from 0-10; therefore, total scores range from
0-120, with higher scores indicating a higher level of stress.
ePrediction of future health cost using the RxRisk model [76].
fAssessed by 7 diabetes complications: vision problems, loss of feeling in feet or legs, kidney problems, foot ulcer, amputation, sexual impairment, and
heart attack, scored 0-7; higher scores indicate a larger number of diabetes complications.
gAssessed by the 9-item diabetes symptoms scale [77], scored 1-5; higher scores indicate more severe diabetes.
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hAssessed by the 2-item Diabetes Distress Scale [78], scored 1-6; higher scores indicate a higher level of diabetes distress.
iAssessed by the Toobert Diabetes Selfcare Scale [61], scored 0-7; higher scores indicate better diabetes self-care.
jAssessed by the 9-item Patient Health Questionnaire [58], scored 0-27; higher scores indicate worse depressive symptoms.
kAssessed by the Brief Symptoms Inventory [79], scored 0-24; higher scores indicate worse anxiety.
lAssessed by the Sheehan Disability Scale [63,64], scored 0-30; higher scores indicate more significant functional impairment.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram: participant flow of Diabetes-Depression Care-Management Adoption
Trial (DCAT).
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Table 4. Regression analysis of continuous 6-month outcomes adjusted for baseline characteristics and propensity scores in the Diabetes-Depression
Care-management Adoption Trial (DCAT), Los Angeles, 2011 to 2013. Linear regression models are adjusted for care team, outcome variable at
baseline, two of the three estimated generalized propensity scores, insulin use, glycated hemoglobin (HBA1c), age, gender, and preferred language.
Least squares means and SE reported for continuous outcomes. LSE: least squares estimate; PHQ-9: 9-item Patient Health Questionnaire; SC: standard
care; SF-12: 12-item Short Form Survey; TC: technology-facilitated care; UC: usual care.

TC vs SC

(P value)

TC vs
UC

(P value)

SC vs UC

(P value)

Technology-facilitated
care (n=366), LSE (SE)

Supported care
(n=380), LSE (SE)

Usual care
(n=341), LSE (SE)

Continuous outcome

.81.02.025.16 (0.48)5.05 (0.47)6.35 (0.49)PHQ-9

.10.57.418.05 (0.16)7.79 (0.16)7.95 (0.17)HBA1c value

.16.01.12160.46 (5.04)166.90 (4.96)176.40 (5.27)Total cholesterol

.52.38.804.78 (0.12)4.70 (0.12)4.66 (0.13)Diabetes self-care

.88.66.594.86 (0.27)4.90 (0.26)4.73 (0.28)Exercise

.55.27.6341.87 (0.95)42.46 (0.95)42.99 (0.97)SF-12 physical score

.85.17.1649.87 (1.02)50.07 (1.01)48.38 (1.04)SF-12 mental score

.95.03.042.59 (0.25)2.61 (0.25)3.21 (0.26)Sheehan Disability Scale

.58.05.174.20 (0.09)4.15 (0.09)4.01 (0.09)Satisfaction with diabetes care

.06.07.013.46 (0.10)3.64 (0.10)3.25 (0.10)Satisfaction with care for emotional problems

.56.05.163.70 (0.21)3.58 (0.21)3.20 (0.22)Satisfaction with care for emotional prob-
lems, among patients with baseline PHQ-9
≥10

Table 5. Regression analysis of binary 6-month outcomes adjusted for baseline characteristics and propensity scores in the DCAT, Los Angeles,
2011-2013. Logistic regression models are adjusted for care team, outcome variable at baseline, two of the three estimated generalized propensity scores,
insulin use, glycated hemoglobin (HBA1c), age, gender, and preferred language. Adjusted odds ratio (AOR) and 95% CIs reported for binary outcomes.
PHQ-9: 9-item Patient Health Questionnaire

Technology-facilitated care vs supported
care

Technology-facilitated care vs usual careSupported care vs usual careBinary outcome

P valueAOR (95% CI)P valueAOR (95% CI)P valueAOR (95% CI)

.370.75 (0.39-1.41).0070.33 (0.17-0.65).020.45 (0.23-0.88)PHQ-9≥10

.921.04 (0.47-2.31).042.98 (1.08-8.25).062.86 (0.98-8.40)Depression remission

.141.87 (0.82-4.27)<.0013.40 (1.58-7.31).101.82 (0.89-3.71)HBA1c testeda

aAdjusted relative risk for HBA1c tested, supported care vs usual care=1.13 (0.97-1.23), technology-facilitated care vs usual care=1.22 (1.10-1.29),
technology-facilitated care vs supported care=1.12 (0.95-1.21).

Both SC and TC were significantly associated with improved
SDS scores relative to UC (LSE: UC=3.21, SC=2.61, TC=2.59;
P value: SC vs UC=.04, TC vs UC=.03). SC was significantly
associated with improved satisfaction with care for emotional
problems compared with UC (LSE: UC=3.25, SC=3.64; P=.01),
but only TC was significantly associated with improved
satisfaction with diabetes care (LSE: UC=4.01, TC=4.20; P=.05)
and satisfaction with care for emotional problems among
patients with depression, as measured by PHQ-9 ≥10 at baseline
(LSE: UC=3.20, TC=3.70; P=.05). There were no significant
differences in patient-reported outcomes between the SC and
TC groups.

Discussion

Principal Findings
Analysis of 6-month DCAT outcomes revealed that both the
TC and SC groups were significantly associated with better

outcomes compared with UC in terms of depressive symptoms
reduction. Using the PHQ-9 score, which ranges from 0 to 27,
the 1.3 (SC group) and 1.2 (TC group) points of improvements
compared with the UC group are clinically meaningful given
that the baseline PHQ-9 score is only about 6.5 points. The
magnitude of improvements is consistent with a recent
collaborative depression care study that included both depressed
and nondepressed patients [80]. This finding supports the
hypothesis that the two intervention groups would be associated
with better depression care outcomes.

It was not surprising to find the ATA technology did not
improve depression outcomes of the TC group over the SC
group in this case because it was designed to facilitate the
adoption of collaborative depression care rather than direct
clinical intervention with patients. Clinically, DMP care teams
in both groups were trained in and practiced the LACDHS
depression protocol and treatment guideline. The SC DMP
providers monitored patients using traditional mechanisms
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(specifically by calling patients), and they coordinated care
among themselves; therefore, the study-related depression care
resulted in additional new workload for the SC providers. For
the TC care team, the technology, albeit at a low-intensity of
contact, helped alleviate the workload for depression symptom
and treatment adherence monitoring.

The ATA technology also prompted providers to follow up and
alerted emergency responders to immediately contact patients
with suicidal ideation. That could be the reason why only the
TC group was significantly associated with depression remission
and increased patient satisfaction among depressed patients.
The results are encouraging that a well-designed technology
can be an effective aide to the adoption of collaborative
depression care. Full justification of the TC model via a
complete cost-effectiveness analysis is presented elsewhere
[56]. The cost-effectiveness analysis revealed that the
intervention models improved quality-adjusted life years,
depression-free days, and medical costs. The TC model was
cost-effective compared with SC and cost-saving compared
with UC. The 6-month and cost-effectiveness results suggest
the TC model is promising in facilitating better and
cost-effective care for depressed patients.

Moreover, only the TC model was significantly associated with
improved diabetes care processes, indicated by reduced total
cholesterol level and increased odds that the patient would have
an HBA1c test. One possible explanation for these improvements
in diabetes care is that as depressive symptoms are increasingly
monitored and timelier addressed, patients may become more
willing to take active care of their diabetes; this explanation is
supported by the significant correlation between the odds of
having an HBA1c test and the improvement in depression
remission. Another possible explanation is that providers may
address patients’ diabetes care needs in addition to depression
care needs when they respond to the task reminders generated
by the technology.

Compared with the UC group, both the SC and TC models were
significantly associated with better improvement in 6-month
patient-reported functioning in family, work, and social life, as
measured by the 3-item SDS. The 0.6 points of improvements
in SC and TC groups compared with the UC group are
meaningful as most patients at baseline had only minimal
functional impairment (average baseline SDS score was 2.1
points; SDS score >6 indicates functional disability [63,64]),
which implies that the room for improvement is small. This
finding suggests that the two enhanced care delivery models
not only improved depressive symptoms but also translated
such symptom improvement into better perceived life
functioning.

While the TC model delivered positive results, and most patients
in the TC groups reported high acceptance of the ICT tested in
DCAT [51], there is significant room for improvement in using
the ATA technology. Specifically, only half of the scheduled
calls were answered successfully because of phone connectivity
issues or lack of time for the patient to answer the calls [50,52].
One challenge may have been that during the study, most
patients in LACDHS did not use cellphones. Now that
cellphones are more readily available, attention should be turned

to other ICT (such as SMS text messages and smartphone apps)
to improve patient contact and to capture patient-reported
outcomes. Such technology has greater portability and
versatility, may extend the ATA capabilities in reaching and
engaging patients, may potentially increase the model
effectiveness, and may reduce costs.

Researchers can expect unpredictable consequences after making
changes (such as the DCAT implementation) in complex
systems such as LACDHS. As discussed in another DCAT study
[53], two particularly important implications that emerged were
the strengthened role of social workers (in both SC and TC)
and the importance of suicide-alert responders (in TC). Every
DMP site had a colocated clinical social worker, an
evidence-based method of improving quality of depression care
[81,82]. The clinical social workers were an underutilized
resource before the study; during the DCAT trial, they proved
instrumental in adopting depression care. Furthermore, the
suicide-alert responders appeared to play a much larger role
than anticipated. Providers facing typical barriers in mental
health care (including lack of familiarity with guidelines, lack
of self-efficacy, and lack of outcome expectancy [83]) were
reassured by the availability of an organizational resource for
the patient to fall back on in the “worst case scenario,” namely
severe suicidal ideation. Taken together with the strengthened
role of the social worker, the interventions seemed to have
leveraged the available mental health resources into a more
cohesive, integrated model of mental health care in a primary
setting. In other words, the SC and TC models used existing
diabetes disease management teams and leveraged available
mental health resources to implement depression symptom
monitoring and treatment protocols, provider collaborative
communication, and patient relapse prevention.

In summary, the 6-month DCAT findings suggest that both the
TC and SC delivery models are significantly associated with
improved depression outcomes and life functioning, and that
the TC model offers additional promise in terms of improved
depression remission, diabetes care processes, and patient
satisfaction. Given the rapid rise of diabetes during the past
several decades—especially among low-income, minority
populations—and the immense opportunity to improve
diabetes-related measures and outcomes, a growing number of
health plans and health care organizations are trying to manage
their diabetes population through disease management programs.
The SC and TC models demonstrated that an important and
valuable way to support providers is to add evidence-based
collaborative depression care and facilitate adoption of ICT in
diabetes DMPs designed to reduce disparities in commonly
comorbid diabetes and depression care. When enhanced by ICT,
DMPs may be able to greatly improve overall care, cost, and
effectiveness of health care delivery for underserved patients.
DCAT SC and TC models improved diabetes and depression
outcomes in the second largest US safety-net health system;
other resource-constrained programs may replicate these models
to improve comorbid diabetes and depression outcomes.

Limitations
The main limitation of this study is its employment of a
quasi-experimental design, which introduces bias because of
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the differences in both patient characteristics and care teams at
each facility. To mitigate the bias, in the regression analysis we
adjusted for patient differences through propensity scores and
the assignment of the six care teams at eight facilities (each
facility was staffed by only one team; two of the six teams
served two facilities). Although care facilities were matched by
geographic location and patient sociodemographics among the
three study groups, the quality of care can vary from facility to
facility; therefore, the regression analysis included a check in
which care team assignments were replaced for each facility.
This analysis did not change the direction and significance of
intervention effects; however, the adjustment may not be
sufficient. Differences in the facilities, the DMP care teams,
and the unmeasured patient sociodemographics, diabetes and
comorbid conditions, and psychological stress measures may
differentiate diabetes and depression care needs and outcomes
[84]. Providers should consider these differences when applying
the technology.

Another limitation may be the predominantly Latino sample,
which raises concern about the generalizability of findings.
Applying the DCAT TC model to other groups should be done
cautiously and with further evaluation.

The third limitation is the focus in this paper on clinical
outcomes. However, the DCAT TC model was designed to
accelerate the adoption of evidence-based collaborative care to
improve the overall care process. Full analyses of 18-month
clinical outcomes and the cost-effectiveness of the TC model
will be reported elsewhere.

The fourth limitation is lack of data to understand the practical
mechanism by which the SC DMP and the technology-enhanced
TC DMP led to improvements in depression. Possible
improvement mechanisms for future research include better
treatment initiation or adjustment, receipt of PST, greater patient
adherence, or referrals and visits to other mental health
providers.

Comparison With Prior Work
DCAT adds to the growing number of telehealth studies that
are employing technology to improve depression care in primary
care settings for patients with chronic diseases [85-92]. A key
strength of the DCAT TC model over earlier studies is that it

used automated calls, which reduces provider depression
monitoring workload and allows more time for clinical
encounters such as timely adjustment of treatment. The TC
model is especially effective in a resource-constrained
environment such as safety-net care systems, improving care
for predominantly minority and low-income patients.

Applying automated remote monitoring ICT, electronic clinical
decision support, and even artificial intelligence to facilitate
chronic disease management is an emerging research topic.
Prior studies revealed that ATA is valid in conducting depression
screening and suggested the technology can be incorporated
into the care management model [93,94]. However, evidence
is limited regarding the comparative effectiveness of the
technology. Kroenke et al [95] tested ATA with care
management for pain and depression in patients with cancer;
Ratanawongsa et al [96] and Handley et al [97] tested
ATA-facilitated diabetes management for low-income Medicaid
and safety-net patients. The DCAT study uniquely addressed
depression care for patients with type 2 diabetes in a safety-net
setting where comorbidity of the two diseases is common and
where many barriers such as culture diversity, financial stress,
and limited provider resources impede the adoption of
evidence-based depression interventions. Results from DCAT
are consistent with prior studies [91-97] and support ATA as a
promising technology to facilitate care management, even for
sensitive conditions such as depression, for diverse populations
and in primary care settings.

Conclusions
Both SC and TC models are associated with improved 6-month
depression outcomes and reduced functional disability among
adult patients with type 2 diabetes. However, the TC model is
more likely to achieve greater improvements in depression
remission, as well as measures of patient satisfaction and
diabetes care quality. This paper provides encouraging evidence
that a well-designed automated ICT system is an effective
facilitator that can support delivery of evidence-based
collaborative depression care to patients with type 2 diabetes
in a resource-constrained urban safety-net primary care setting.
This is a promising solution to reduce health disparities, improve
patient experience of care, and improve the health of
low-income, minority populations.
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Abstract

Background: Mental health problems are highly prevalent among college students. Most students with poor mental health,
however, do not receive professional help. Internet-based self-help formats may increase the utilization of treatment.

Objective: The aim of this randomized controlled trial was to evaluate the efficacy of an internet-based, app-supported stress
management intervention for college students.

Methods: College students (n=150) with elevated levels of stress (Perceived Stress Scale 4-item version, PSS-4 ≥8) were
randomly assigned to either an internet- and mobile-based stress intervention group with feedback on demand or a waitlist control
group. Self-report data were assessed at baseline, posttreatment (7 weeks), and 3-month follow-up. The primary outcome was
perceived stress posttreatment (PSS-4). Secondary outcomes included mental health outcomes, modifiable risk and protective
factors, and college-related outcomes. Subgroup analyses were conducted in students with clinically relevant symptoms of
depression (Center for Epidemiological Studies’ Depression Scale >17).

Results: A total of 106 participants (76.8%) indicated that they were first-time help-seekers, and 77.3% (intervention group:
58/75; waitlist control group: 58/75) showed clinically relevant depressive symptoms at baseline. Findings indicated significant
effects of the intervention compared with the waitlist control group for stress (d=0.69; 95% CI 0.36-1.02), anxiety (d=0.76; 95%
CI 0.43-1.09), depression (d=0.63; 95% CI 0.30-0.96), college-related productivity (d=0.33; 95% CI 0.01-0.65), academic work
impairment (d=0.34; 95% CI 0.01-0.66), and other outcomes after 7 weeks (posttreatment). Response rates for stress symptoms
were significantly higher for the intervention group (69%, 52/75) compared with the waitlist control group (35%, 26/75, P<.001;
number needed to treat=2.89, 95% CI 2.01-5.08) at posttest (7 weeks). Effects were sustained at 3-month follow-up, and similar
findings emerged in students with symptoms of depression.

Conclusions: Internet- and mobile-based interventions could be an effective and cost-effective approach to reduce consequences
of college-related stress and might potentially attract students with clinically relevant depression who would not otherwise seek
help.
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Trial Registration: German Clinical Trial Register DRKS00010212; http://www.drks.de/drks_web/navigate.do?
navigationId=trial.HTML&TRIAL_ID=DRKS00010212 (Archived by WebCite at http://www.webcitation.org/6w55Ewhjd)

(J Med Internet Res 2018;20(4):e136)   doi:10.2196/jmir.9293
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Introduction

Background
Between 25% and 50% of college students meet the criteria for
at least one mental health disorder in a given year [1,2]. Data
suggest that mental disorders account for about half the disease
burden of young adults in developed countries [3] and are
associated with a range of negative consequences, including
lowered academic performance [4] and college attrition [5].

Despite the availability of effective treatment [6], only 1 in 5
students with mental disorders receives minimally adequate
treatment [1]. Reasons for this treatment gap include attitudinal
barriers such as stigma and a preference for self-help [7].

Internet- and mobile-based interventions [8] might help to
increase the utilization of psychological interventions, as they
can be easily accessed, allow for high scalability, and can be
provided at a low cost [9,10]. Internet-based interventions may
also be suitable for college student populations [11], with
research indicating that preference for help-seeking through the
internet is higher among younger and well-educated individuals
[12]. There is meta-analytic evidence suggesting the efficacy
of internet interventions for a range of conditions and
populations [6,13-16], including college students [17], with
effect sizes of technology-delivered interventions ranging from
standardized mean difference (SMD) of 0.42 to 0.43 for
depression, 0.30 to 0.56 for anxiety, and 0.73 to 0.82 for stress
[17,18]. However, the few results for internet and mobile-based
interventions targeting stress in students are conflicting in terms
of their effectiveness [19,20], warranting further research.

A recent meta-analysis suggests that intervention effects are
considerably higher in indicated compared with general student
populations [18], stressing the importance of developing suitable
intervention approaches for at-risk students. Internet-based
interventions which are labeled to improve stress coping skills,
as opposed to focusing on reducing symptoms of mental
disorders, could represent a promising way to reach such
burdened individuals. In an Australian investigation among
severely distressed college students, 55.7% indicated that they
were quite or very likely to use an internet-delivered program
to seek help [21]. A significant association between heightened
stress levels and positive attitudes toward internet intervention
usage has also been found in a German general population
sample [22].

If proven to be effective, internet- and mobile-based approaches
could provide a feasible instrument to help avert the onset of
more severe stress-related mental health concerns in at-risk
college students [8]. More research is therefore required to
corroborate results on the effectiveness of internet- and
mobile-based stress interventions and assess the potential of

such interventions to reach and be effective in burdened students
who already show symptoms of mental illness such as
depression. Facing the deleterious effects of poor mental health
on academic functioning, it is also important to assess whether
such interventions may have an impact on important
college-related outcomes such as academic self-efficacy and
impairment [17].

Objectives
The aim of this study is thus to evaluate the effectiveness of an
internet- and mobile-based intervention targeting university
students with heightened stress levels. We hypothesized the
internet intervention to be more effective in reducing symptoms
of stress compared with a waitlist control group (WCG). It was
furthermore assumed that more students participating in the
intervention compared with the WCG would show a reliable
change in perceived stress outcomes and attain close to
symptom-free status. The second objective of this study was to
investigate the hypothesized positive effect of the intervention
on further mental health outcomes, modifiable risk and
protective factors, and college-related outcomes compared with
the WCG. Finally, our aim was to explore intervention
participants’ adherence to, and acceptance of, the intervention.

Methods

This study was carried out as part of the WHO World Mental
Health International College Student project [23]. The WHO
World Mental Health International College Student project aims
to obtain accurate cross-national information on the prevalence,
incidence, and correlates of mental, substance, and behavioral
problems among college students worldwide, to describe
patterns of service use and unmet need for treatment, to
investigate the associations of these disorders with academic
functioning, and to evaluate the effects of a wide range of
preventive and clinical interventions on student mental health,
functioning, and academic performance.

Design
A 2-armed randomized controlled trial was conducted with 150
participants, comparing an internet and app-based intervention
with feedback on demand (StudiCare Stress) to a waitlist control
group (WCG). Both conditions had full access to treatment as
usual (TAU). The sample size allowed to detect effect sizes of
d=0.41 with a power (1− β) of 0.80 with alpha of .05 and was
based on a meta-analysis on internet-based interventions for
college students, which reported an SMD of 0.73 for stress but
lower effects for depression outcomes (SMD=0.43) [17]. A
sample size of 150 was therefore chosen to also detect
significant changes for secondary outcomes in this study such
as depression.
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Figure 1. Flow of participants (CONSORT flow chart). BDI: Beck Depression Inventory; IG: intervention group; WCG: waitlist control group;
CONSORT: Consolidated Standards of Reporting Trials.

Assessments took place at baseline (T1), posttreatment (T2; 7
weeks), and 3 months after baseline (T3; see Figure 1).
Self-report data were collected using a Web-based assessment
tool (Advanced Encryption Standard, 256-bit encryption). All
procedures involved in the study were consistent with the
generally accepted standards of ethical practice. The study was
approved by the University of Erlangen-Nuremberg ethics
committee (Erlangen, Germany; 322_15 B). The trial is
registered in the German Clinical Trials Register
(DRKS00010212 [24]). This study describes the main
effectiveness analysis of the intervention; we also assessed
moderator and mediator variables, which are listed in the trial

registration (see Multimedia Appendix 1) and will be analyzed
and reported in due length elsewhere.

Participants
Inclusion criteria were (1) elevated levels of perceived stress
(Perceived Stress Scale 4-item version, PSS-4≥8 [25];
representing a level of stress one SD=2.92 above the mean of
4.49 in a large student sample [25]), (2) enrollment in a
German-speaking university at the beginning of the training,
(3) age ≥18 years, (4) internet access, (5) willingness to provide
self-report data at all assessment points, and (6) informed
consent. Exclusion criteria were (1) self-reported diagnosis of
dissociative symptoms or psychosis in the past or (2)
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considerable risk for suicide (Beck Depression Inventory item
9 >1; “I feel I would be better off dead” or “I would kill myself
if I had the chance”). Individuals showing an elevated risk for
suicide were given detailed information about treatment options
and were asked to see a physician or psychiatrist as soon as
possible.

Recruitment
Participants were recruited via university press reports, student
counseling services, and social media platforms. Potential
participants declared interest in partaking in the study by filling
out a Web-based registration form on the study website.

Assessment of Eligibility and Randomization
Individuals who declared interest in participating received an
information letter along with an informed consent sheet and
were asked to provide an email address for their intervention
platform profile. Applicants were informed that withdrawal
from the study was possible at any time, did not go along with
any negative consequences, and all collected case data could
be deleted on request during the study. Interested participants
were asked to complete the written informed consent form and
fill out the Web-based screening questionnaire.

Individuals meeting all the inclusion and none of the exclusion
criteria were invited to fill out the baseline assessment. After
completion, individuals were randomly allocated to either the
IG or the WCG. Randomization took place at a ratio of 1:1 and
a block size of 2 using an automated computer-based random
integer generator (Randlist, Datinf GmbH, Tübingen, Germany)
and was performed by a researcher not otherwise involved in
the study. Participants could not be blinded to study conditions;
yet, during the randomization process, the allocation was
concealed from participants, researchers involved in recruitment,
and e-coaches.

Study Conditions

Intervention Condition
The framework for StudiCare Stress was derived from GET.ON
Stress, a Web-based stress management intervention for
employees [26]. Changes in form and therapeutic content were
made to tailor the intervention to university students’ needs.

The intervention is based on cognitive-behavioral and third-wave
techniques and aligns with Lazarus’ transactional model of
stress [27] in differentiating between problem-focused and
emotion regulation–focused coping. For problem-focused
coping, cognitive-behavioral problem-solving strategies are
applied to reduce and eliminate modifiable stressors. Emotion
regulation refers to the processes through which individuals
monitor, evaluate, modify, and thus control emotions to reach
relevant needs or goals and has been shown to be influential in
reducing various symptoms of mental illness [28]. Elective
modules integrated at the end of session 2 to 7 could be chosen
based on individual need and interest, covering student-specific
topics: social support, rumination and worrying, time
management, procrastination, test anxiety, sleep, motivation,
nutrition and exercise, and dealing with writer’s block and
concentration.

The intervention comprised 8 main modules. Completing 1
module took 30 to 90 min, and participants were advised to
complete at least one and a maximum of 2 modules per week.
Thus, the intervention was intended to be completed in about
5 to 7 weeks (see Multimedia Appendix 2 for a detailed
description of the modules).

Strong emphasis was put on the transfer of acquired knowledge,
strategies, and techniques into the students’ daily life through
homework assignments. A personal diary app could be
downloaded by participants to keep track of mood fluctuations,
monitor factors contributing to their stress levels and reflect on
intervention elements they could implement into their daily life.
The diary app was introduced in module 1 as an adjunct to the
main sessions and contained standardized free-text fields, rating
scales, and gave the opportunity to add a photo to the entry (see
Textbox 1). Participants were also provided with a PDF version
of the diary and were instructed to monitor their mood 2 to 3
times each week, using either the app or a printout of the PDF
for their entries.

In addition, before beginning with the intervention, participants
could request automatic daily messages containing short
motivational prompts and ultrabrief training exercises via SMS
(short message service), aimed at facilitating transfer of learned
strategies into daily life routine. Messages were prescheduled
to roughly mirror content and exercises provided through the
progression of the intervention.

Participants were guided by an eCoach, a trained student in a
master’s program in psychology. Contact between the eCoach
and intervention participants was solely established online, and
there were no face-to-face meetings. An adherence-focused
guidance concept in accordance with the human accountability
model [29,30] was applied, which has been shown to be
noninferior to intensive guidance while minimizing human
resources ([31]; for a detailed description see [26]). Guidance
consisted of 3 parts: (1) monitoring adherence (sending up to
3 reminders when a module was not completed during 1 week
through the internal platform messaging system and via email),
(2) checking the intervention platform back-end for participants
who had completed a new module to unlock the next module
and send standardized motivational messages through the
platform, and (3) providing feedback on demand. When
requesting help, participants received feedback within 48 hours.

The feedback reflected the participants’ individual questions
and problems and gave positive reinforcement. Feedback on
demand was available for each participant from module 1 until
completion of the booster session and was given via the internal
messaging system of the training platform. Only few participants
(5%, 4/75) requested individual feedback, resulting in 5 content
feedbacks for the entire sample. In total, the eCoach sent 289
reminders (3.85 reminders per participant).

Control Condition
Students assigned to the waitlist control condition (WCG)
completed the same assessments at T1, T2, and T3 as the
intervention condition, but were not given access to the
intervention until 3 months after randomization. Yet, they had
full access to TAU offered by routine health care.
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Textbox 1. General structure of the app-based diary entries.

1. How do you feel today? (Emoticons: Happy–Sad–Anxious–Angry)

2. How stressed out do you feel today? (Rating scale 1-10)

3. Describe what happened today. (Free text)

4. Were you able to identify any things contributing to your stress levels today? (Free text)

5. Are there any techniques you previously learned that you may be able to apply? (Free text)

6. Do you want to add a photo to your entry? (Upload button)

Primary Outcome Measure
The primary outcome was perceived stress as measured by the
PSS-4 [25]. The PSS-4 assesses the degree to which individuals
evaluate their lives as stressful, especially regarding how
uncontrollable and overloading relevant aspects of life are
perceived. The PSS-4 comprises 4 items (Item 1: “How often
have you felt you were unable to control the important things
in your life?”; Item 2: “How often have you felt confident about
your ability to handle your personal problems?”; Item 3: “How
often have you felt that things were going your way?”; Item 4:
“How often have you felt difficulties were piling up so high
that you could not overcome them?”), yielding a score between
0 and 16. Participants rated their level of perceived stress within
the last 2 weeks on a 5-point Likert scale (0= never; 4= very
often). A two-factor structure has been commonly found for the
PSS [32-35], with positively framed items representing
perceived coping self-efficacy and negative items reflecting
hopelessness, the latter being a strong predictor for depression
[36]. Higher scores on the PSS have shown to have good
predictive validity for several adverse health outcomes [36-38].
Despite its brevity, the PSS-4 has been found to have acceptable
to good psychometric properties [39,40]. The scale has a good
level of internal consistency in this study as indicated by a
Cronbach alpha of .83.

Secondary Outcome Measures
Unless otherwise specified, all outcomes were measured for a
retrospective time frame of 2 weeks. All measures were
administered in German. When no German translation was
available, scales were translated independently by two of the
researchers (MH and SHA), who then compared and discussed
the translations to resolve disagreement.

Mental Health
To examine effects of the stress intervention on symptoms of
common mental disorders, we included mental health outcomes
associated with elevated distress in college students, including
depression (short German form of the Center for
Epidemiological Studies’ Depression Scale, CES-D [41]; 15
items, scale 0-3, range 0-45) and state anxiety (Spielberger
State-Trait Anxiety Inventory [42]; 6 items, scale 1-4, range
6-24; at the moment) [43]. General well-being as an overall
marker of mental health was assessed by the WHO-Five
Well-Being Index (WHO-5 [44]; 5 items, scale 0-6, range 0-30),
and emotional exhaustion using the Maslach Burnout
Inventory-student version ([45]; 5 items, scale 1-6, range 5-30).

Risk and Protective Factors
Following measures for established risk and protective factors
were assessed to investigate the intervention’s effect on
individual resources and vulnerabilities related to the
development and proliferation of mental illness: dysfunctional
perfectionism [46] (Revised Almost Perfect Scale [47];
translated; 8 items, scale 1-7, range 8-56), resilience [48]
(Connor-Davidson Resilience Scale short form [49]; translated;
2 items, scale 0-4, range 0-8), self-compassion [50,51]
(Self-Compassion Scale [52]; 12 items, scale 1-5, range 12-60),
and self-esteem [53] (Rosenberg Self-Esteem Scale [54]; 10
items, scale 1-4, range 10-40).

College-Related Outcomes
To evaluate presenteeism and loss of productivity, the
Presenteeism Scale for Students’([55]; translated) subscale for
work impairment (Work Impairment Scale; 10 items, scale 1-5,
range 10-50) was administered. Productivity losses were
assessed by an adaption of the Presenteeism Scale for Students’
work output scale, investigating the current percentage to which
participants were able to reach their usual academic productivity.
Productivity could be rated on a visual analog scale ranging
from 0%= completely unproductive to 100%= full productivity.
Academic self-efficacy was measured by the academic
self-efficacy scale (Wirkstud [56]; 7 items, scale 1-4, range
7-28), and academic worrying using the Academic Worrying
Questionnaire ([57]; translated; 10 items, scale 0-4, range 0-40).

Additional Measures
Additional questionnaires assessed demographic variables, prior
contact with professional health providers, and satisfaction with
the intervention (IG only; Client Satisfaction Questionnaire,
adapted to the web context, CSQ-8 [58]; 8 items, scale 1-4).
Treatment credibility and expectancies were measured at
baseline by the Credibility and Expectancy Questionnaire ([59];
translated; 4 items, scale 1-5, range 4-20, 2 items, 0%-100%).
Participants in the IG could give feedback on each modules’
usefulness (1= not useful at all, 5= very useful), complexity (1=
very complex, 5= very easy), and duration until termination (1=
less than ½ hour, 5= more than 1½ hours) on a 5-point Likert
or 4-point scale, respectively.

Statistical Analyses

Main Effectiveness Evaluation
All results are reported according to the Consolidated Standards
of Reporting Trials statement ([60]; see Multimedia Appendix
3). Analyses based on the intention-to-treat (ITT) principle were
conducted, with missing data imputed using a Markov chain
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Monte Carlo multivariate imputation algorithm (multiple
imputation functions in IBM SPSS 23; IBM Corp, Armonk,
NY, USA) with 100 estimations per missing and all variables
set as predictors for imputation. Imputed datasets were then
aggregated to obtain 1 imputed dataset.

The hypothesized superiority of the internet intervention was
tested with regard to (1) change in participants’perceived stress
and secondary outcomes from baseline (T1) to post intervention
(T2) and 3-month follow-up (T3), (2) the number of participants
with treatment response, (3) the number of students achieving
close to symptom-free status, and (4) the amount of participants
who experienced symptom deterioration.

Differences in change of perceived stress between study arms
were assessed using univariate analysis of covariance
(ANCOVA) with scores at baseline as covariate to control for
varying degrees of baseline scores. Effect sizes (Cohen's d)
were calculated based on the imputed dataset for between-group
differences, using the pooled IG and WCG SD [61]. To calculate
95% CIs, the formula by Rosnow and Rosenthal [62] was used.
According to Cohen [63], d=0.2 can be considered a small effect,
d=0.5 a medium and d=0.8 a large effect. A significance level
of .05 (2-sided) was used for all analyses.

To ascertain the number of participants attaining a reliable
improvement in stress symptomatology, participants were coded
as responders or nonresponders according to the Reliable
Change Index [64]. Accordingly, response was attained when
participants’ scores on the PSS-4 differed more than −2.17
points from baseline to T2 and T3, respectively. Furthermore,
the numbers needed to treat (NNT) to achieve 1 additional
treatment response were calculated. Negative effects of the
intervention were evaluated by the number of participants with
reliable symptom deterioration concerning perceived stress
through the Reliable Change Index. Participants were defined
as symptom-free when scoring more than 2 SDs below the mean
at baseline for the full sample (PSS-4 ≤7.29).

Subgroup Analysis
To estimate the interventions’ efficacy in a clinical population,
a subgroup analysis was conducted including only participants
with a score of >17 on the CES-D short form at baseline and
following the same procedure as the main analysis. A score of
18 has been shown to be a valid cut-off in indicating a high
probability of clinical depression [65]. Participants were
classified as responders if they showed reliable change in
depressive symptoms according to the Reliable Change Index.

Study Completer Analysis
Completer analysis based on the sample of participants who
provided data at all 3 assessment points was conducted
additionally as a sensitivity analysis.

Process Evaluation
Descriptive statistics were used for process evaluation. To assess
overall user satisfaction across various domains, item data
provided by the CSQ-8 was examined individually. Acceptance
of intervention modules was analyzed using the module
feedback of the IG. Adherence was assessed by analyzing
intervention completion rates tracked within the intervention

platform. Finally, we analyzed the proportion of participants
who accessed the diary app and requested automated short
messages via SMS.

Results

Recruitment for the study started on May 9, 2016. The last
follow-ups were completed on January 30, 2017.

Participants
The study flow can be found in Figure 1. Participants who were
lost to follow-up at T2, T3, or both assessments did not differ
significantly from participants who adhered to the protocol on
any baseline characteristic (all P>.05). Table 1 summarizes
detailed baseline characteristics of study participants. The
majority (76.8%, 106/138) of the participants indicated that
they had not consulted a physician, psychotherapist, or counselor
for their health-related problems and may thus be considered
first-time help-seekers. Descriptive data including all 3
assessment points for all outcomes is depicted in Table 2. Both
study arms did not differ significantly (all P>.05) on any
characteristic at baseline.

Main Effectiveness Analysis

Changes in Perceived Stress
As hypothesized, the ANCOVA controlling for baseline scores
revealed a significant effect for perceived stress at posttest
(F1,147=19.70, P<.001) and at 3-month follow-up (F1,147=15.10,
P<.001; see Table 3), with moderate to large effect sizes at both
T2 (d=0.69; 95% CI 0.36-1.02) and T3 (d=0.57; 95% CI
0.24-0.89).

Treatment Response for Perceived Stress
Chi-squared tests revealed that significantly more participants
in the IG (69%, 52/75) were classified as responders compared

with the WCG (35%, 26/75) at posttest (χ2
1=18.1, P<.001),

resulting in an NNT of 2.89 (95% CI 2.01-5.08). At 3-month
follow-up, 55 of 75 participants in the IG (73%) and 33 of 75

in the WCG (44%) were coded as responders (χ2
1=13.3, P<.001)

which equals an NNT of 3.41 (95% CI 2.25-7.00).

Symptom-Free Status for Perceived Stress

Symptom-free status was achieved by significantly (χ2
1=6.7,

P=.01) more participants in the IG ( 44%, 33/75) compared with
the WCG (24%, 18/75) at T2, and at T3 (IG: 53%, 40/75; WCG:

35%, 26/75) with χ2
1=5.3 (P=.02), resulting in an NNT of 5

(T2; 95% CI 2.87-19.31) and 5.36 (T3; 95% CI 2.92-32.66),
respectively.

Symptom Deterioration for Perceived Stress
Only a small proportion of participants experienced symptom
deterioration. Fewer participants’ stress symptomatology
deteriorated in the IG (0%, 0/75) compared with the WCG,
where 7 of 75 (9%) participants’ symptoms deteriorated

(χ2
1=7.3, P<.001; NNT=10.58, 95% CI 6.19-44.18) at T2.

Symptom deterioration did not differ at T3, with 1 case of 75
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participants (1%) in the IG and 3 of 75 (4%) in the WCG (χ2
1=1.0, P=.31).

Table 1. Baseline characteristics.

Control (N=75)Intervention (N=75)All participants (N=150)Characteristics

Sociodemographics

24.2 (3.6)24.0 (4.6)24.1 (4.1)Age in years, mean (SD)

58 (77)54 (72)112 (74.7)Gender, female, n (%)

40 (53)39 (52)79 (52.7)In a relationship, n (%)

2 (3)4 (5)6 (4.0)Married, n (%)

Major

17 (23)16 (21)33 (22.0)Business & Economics, n (%)

4 (5)9 (12)13 (8.7)Computer Science & Engineering, n (%)

10 (13)7 (9)17 (11.3)Education, n (%)

7 (9)5 (8)12 (8.0)Humanities, n (%)

4 (5)2 (3)6 (3.3)Law, n (%)

8 (11)7 (9)15 (10.0)Medicine, n (%)

9 (12)11 (15)20 (13.3)Natural Sciences, n (%)

16 (21)18 (24)34 (22.7)Social Sciences, n (%)

7.07 (3.9)6.4 (3)6.7 (3.6)Number of semesters (previous studies included), mean (SD)

Type of tertiary education facility, n (%)

63 (84)56 (74)119 (79.3)College

12 (16)19 (25)31 (20.6)University of Applied Sciences

Housing situation, n (%)

13 (17)18 (24)31 (20.7)Alone

47 (63)48 (64)95 (63.3)Flat share

15 (20)9 (12)24 (16.0)With parents

Main source of funding, n (%)

31 (41)33 (44)64 (42.7)Parents

23 (31)25 (33)48 (32.02)Job

19 (25)15 (20)34 (22.7)Loan

1 (1)1 (1)2 (1.3)Partner

1 (1)1 (1)2 (1.3)Scholarship

Secondary Outcome Analysis
Table 3 summarizes the results of the ITT analyses for the
secondary outcomes. ANCOVAs revealed significant effects
(P<.05) in favor of the IG for the majority of outcomes at both
assessment points, with effect sizes ranging from d=0.33 (95%
CI 0.01-0.65) for productivity (T2) to d=0.82 (95% CI
0.49-1.15) for emotional exhaustion (T2). No statistically
significant effect was found for perfectionism (F1,147=0.38,
P=.53) at T2, but at T3 (P<.001). Resilience (T2: F1,147=1.69,
P=.17; T3: F1,147=2.94, P=.08), self-compassion (T2:
F1,147=2.97, P=.09; T3: F1,147=1.46, P=.23), and self-esteem
(T2: F1,147=0.15, P=.70; T3: F1,147=1.36, P=.25) did not differ
significantly between both study arms at both assessment points.

Subgroup Analysis
More than three-fourths of the participants (77.3%; IG: 58/75;
WCG: 58/75) showed symptoms above the cut-off for clinically
relevant symptoms of depression at baseline. Between-group
effect sizes for depression in this subgroup were moderate to
large, both for T2 (d=0.67, 95% CI 0.34-1.00) and T3 (d=0.73,
95% CI 0.40-1.06). Treatment response was achieved by 36
(62%; T2) and 33 of 58 participants (57%, T3) in the IG
compared with 14 of 58 participants (24%; T2 and T3) in the
WCG, resulting in an NNT to achieve one additional treatment
response in the IG compared with the WCG of 2.64 (95% CI

1.83-4.70) for T2 (χ2
1=17.0, P<.001) and 3.05 for T3 (95% CI

2.02-6.28, χ2
1=12.9, P<.001).
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Table 2. Means and SDs of the intervention group (intervention) and waitlist control group (control) for the intention-to-treat-sample at baseline,
posttest (7 weeks), and 3-month follow-up.

Control (N=75)Intervention (N=75)Outcome and assessment point

Mean (SD)Mean (SD)

Primary outcome

Perceived stress (low to high 0-16)

11.03 (1.87)11.13 (1.93)Baseline

9.49 (3.06)7.43 (2.93)7 weeks

8.66 (3.26)6.96 (2.73)3 months

Mental health

Depression (0-45)

23.97 (8.63)24.31 (9.06)Baseline

21.47 (8.96)15.88 (8.85)7 weeks

21.92 (9.53)16.79 (8.72)3 months

Anxiety (6-24)

15.77 (4.22)16.05 (3.37)Baseline

16.03 (3.48)13.37 (3.51)7 weeks

15.50 (4.10)13.33 (3.59)3 months

Well-being (0-30)a

8.81 (3.69)8.01 (4.34)Baseline

9.36 (4.35)11.93 (5.03)7 weeks

10.57 (4.81)12.62 (5.34)3 months

Emotional exhaustion (5-30)

22.27 (4.31)21.63 (4.49)Baseline

22.36 (3.77)18.43 (5.64)7 weeks

22.30 (4.45)20.04 (5.08)3 months

Risk and protective factors

Dysfunctional perfectionism (8-56)

43.89 (7.50)44.29 (7.90)Baseline

43.45 (7.34)43.02 (7.22)7 weeks

44.33 (6.67)41.05 (5.94)3 months

Resilience (0-8)a

4.79 (1.87)4.80 (1.72)Baseline

5.05 (1.97)5.38 (1.85)7 weeks

5.17 (1.61)5.56 (1.36)3 months

Self-compassion (12-60)a

34.54 (3.23)33.95 (3.47)Baseline

34.16 (3.72)34.95 (5.67)7 weeks

34.78 (3.96)35.25 (3.26)3 months

Self-esteem (10-40)a

29.20 (2.78)29.25 (2.58)Baseline

28.93 (2.61)29.14 (3.61)7 weeks

29.54 (2.68)30.10 (3.03)3 months
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Control (N=75)Intervention (N=75)Outcome and assessment point

Mean (SD)Mean (SD)

College-related outcomes

Academic work impairment (10-50)

27.88 (5.39)28.29 (5.34)Baseline

27.55 (6.13)25.54 (5.83)7 weeks

27.44 (6.22)24.74 (5.06)3 months

Academic productivity (percent)a

54.30 (23.03)52.79 (27.04)Baseline

52.36 (24.16)60.36 (24.12)7 weeks

58.21 (23.62)67.76 (17.27)3 months

Academic self-efficacy (7-28)a

16.34 (4.04)17.04 (4.46)Baseline

16.43 (4.12)18.35 (4.03)7 weeks

16.37 (4.12)18.60 (3.86)3 months

Academic worrying (0-40)

22.01 (6.01)22.35 (6.63)Baseline

21.71 (5.94)18.29 (6.16)7 weeks

21.14 (6.18)17.82 (6.97)3 months

Treatment expectancies (0-100)

62.44 (16.03)62.34 (13.51)Baseline

aHigher scores indicate better outcomes.

Completer Analysis
The results of the completer analyses were similar to the ITT
analyses, with moderate to large between-group effect sizes for
the primary outcome at T2 (IG: mean=6.72, SD 2.86; WCG:
mean=9.32, SD 3.16; F1,88=18.60, P<.001; d=0.85, 95% CI
0.44-1.27) and T3 (IG: mean=6.41, SD 2.84; WCG: mean=8.65,
SD 3.43; F1,88=13.41, P<.001; d=0.69, 95% CI 0.29-1.10). In
contrast to the main analysis, however, resilience had increased
significantly in the IG compared with the WCG at T2
(F1,88=8.56, P=.004; d=0.46, 95% CI 0.06-0.86).

Process Evaluation

Adherence to the Intervention
On average, participants in the IG completed 5.05 modules (SD
2.78), which equals 72.1% of the intervention. Participants
completed optional add-on modules in the majority (82.1%) of
sessions in which they were available. Most participants

completed rumination & worrying (59%, 44/75), whereas only
8 of the 75 participants completed social support (11%). In all,
46 of the 75 participants in the IG (61%) downloaded and logged
into the diary app at least once. Activation of the automated
SMS messages was requested by 4 of 75 participants in the IG
(5%) during the study.

Client Satisfaction
Overall client satisfaction with the intervention was high (see
Table 4).

Perceived Usefulness, Difficulty, and Duration of
Sessions
Most participants described the 8 treatment modules as useful
and not overly complex (see Multimedia Appendix 4). Reported
session duration was high, with participants having spent the
most time on module 6 (Self-compassion; 28% spending more
than 1 hour 30 min, 10/36).
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Table 3. Results for the intention-to-treat sample for analyses of covariance for between-group effects, effect sizes (Cohen's d) for primary and secondary
outcomes at posttest (7 weeks; T2) and 3-month follow-up (T3).

ANCOVAaEffect sizeOutcome and assessment point

P valueF 114795% CICohen's d

Primary outcome

Perceived stress

<.00119.700.36 to 1.020.697 weeks

<.00115.100.24 to 0.890.573 months

Mental health

Depression

<.00122.310.30 to 0.960.637 weeks

<.00116.620.24 to 0.890.563 months

Anxiety

<.00128.200.43 to 1.090.767 weeks

<.00114.680.24 to 0.890.563 months

Well-being

<.00121.060.22 to 0.870.557 weeks

.00112.140.08 to 0.730.403 months

Emotional exhaustion

<.00130.670.49 to 1.150.827 weeks

.0038.930.26 to 0.920.593 months

Risk and protective factors

Dysfunctional perfectionism

.540.38−0.26 to 0.380.067 weeks

<.00115.790.19 to 0.840.523 months

Resilience

.171.69−0.15 to 0.490.177 weeks

.082.94−0.06 to 0.580.263 months

Self-compassion

.092.97−0.16 to 0.490.177 weeks

.231.46−0.19 to 0.450.133 months

Self-esteem

.700.15−0.25 to 0.390.077 weeks

.251.36−0.13 to 0.510.193 months

College-related outcomes

Academic work impairment

.016.570.01 to 0.660.347 weeks

.00110.570.15 to 0.800.483 months

Academic productivity

.044.290.01 to 0.650.337 weeks

.0029.680.14 to 0.790.463 months

Academic self-efficacy

<.00112.740.16 to 0.810.497 weeks

<.00117.980.23 to 0.880.563 months
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ANCOVAaEffect sizeOutcome and assessment point

P valueF 114795% CICohen's d

Academic worrying

<.00127.410.24 to 0.890.567 weeks

<.00116.040.18 to 0.830.503 months

aANCOVA: analysis of covariance.

Table 4. Clients’ satisfaction with the intervention (T2; Intervention Group only).

n (%)Ratings

59 (92)Quality of the training rated as excellent or good

51 (80)Indication that the training was the kind of intervention they wanted to receive (generally or definitely)

47 (73)Indication that the own needs were almost all or mostly met

58 (91)Inclination to recommend the training to a friend in need of similar help

51 (80)Satisfaction with the amount of help received (mostly or very satisfied)

53 (83)Indication that the training has helped (a great deal) to deal more effectively with problems

55 (86)Satisfaction with the training in a general, overall sense (mostly or very satisfied)

49 (77)Inclination to use the training again if in need for help

Discussion

Principal Findings
Results of this study indicate moderate to large intergroup effects
for the reduction of perceived stress and other relevant health-
and college-related outcomes, as well as substantial effects in
individuals with clinically relevant symptoms of depression,
which were highly prevalent in our recruited sample. No
significant effects were found for self-compassion, perfectionism
(T2), resilience, and self-esteem.

The benefits of this intervention were larger than those found
in previous trials evaluating internet-based stress interventions
in college students [19,20], albeit somewhat smaller than the
reported overall effect of technology-delivered skill training
interventions on perceived stress [18], and comparable to
internet-based stress interventions in general, as reported in a
recent meta-analysis, with a pooled standardized mean
difference of d=0.64 (95% CI 0.50-0.79; perceived stress) in
guided internet- and mobile-based interventions [66]. The study
further contributes to current literature by showing that targeting
perceived stress in students does not only result in better mental
health–related outcomes and well-being but can also have a
substantial beneficial impact on college-related outcomes which,
to the best of our knowledge, have not been investigated so far.

Participants’ adherence to the intervention was satisfying, and
the intervention was well accepted among the large majority of
students. Participant feedback on the length of specific modules,
however, suggests that participants may have spent more time
than anticipated on some of the modules. This may indicate that
some modules could be shortened to attempt to further improve
adherence. Whether shortening might, in fact, result in higher
adherence to the intervention, however, is not fully clear. Earlier
research has reported higher adherence rates for shorter

interventions, albeit focusing on the number of modules used
[67]. Whether this effect also holds true for the length of specific
modules remains unknown. Shortening some of the modules
might potentially optimize adherence but may also compromise
the intervention’s overall efficacy due to less potentially
beneficial information or techniques being conveyed and trained.
It has been argued that various ways in which participants
prioritize provided content may lead to positive outcomes, and
the ability to progress through interventions at one’s own pace
might represent a key asset of internet-delivered treatment [68].
Qualitative interviews conducted with participants of this
intervention suggest that the elective mini-modules for various
student-relevant topics were very well accepted [69]. Providing
larger amounts of content in a flexible way, allowing participants
to tailor the intervention to their specific needs, could, therefore,
be a promising approach to optimize intervention usage patterns
[70]. However, research is warranted to test whether this might
further increase adherence.

Limitations
This study has some limitations. First, women were
overrepresented in the study sample, as frequently seen in
preventive interventions. Second, study dropout in the IG at
3-month follow-up was relatively high and larger in the IG.
Albeit being a common limitation in clinical trial research [71],
and with differential dropout rates having been reported before
for internet-based stress intervention trials in tertiary education
students [72,73], this restricts the generalizability of our findings
on long-term effects. Attrition analysis, however, did not result
in any significant baseline differences between dropout and
nondropout cases, which may be an indicator that results were
not overly biased due to unequal dropout [74]. Third, because
of ethical reasons, participants had full access to
treatment-as-usual. Thus, we cannot rule out potential
cointervention effects due to utilization of health services.
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Finally, because of feasibility and ethical reasons, such as not
denying one half of the sample access to the intervention they
sought after, participants in the IG of this study were compared
with a WCG to assess effects of the training. The influence of
treatment and change expectancies have been discussed as an
artifact in clinical evaluation trials using WCGs because they
potentially discourage participants with delayed access to
treatment to initiate health-related behavior changes, and thus
lead to accentuate effects [75].

Most college students with depression do not seek treatment
through conventional health care channels [76], and attitudinal
barriers, such as fear of stigmatization, have been shown to have
a large impact on treatment utilization [77]. As our findings
indicate that (1) a large number of students in this sample did
not use conventional treatment options before, (2) the majority
of students who were willing to use this intervention reported
clinically significant symptoms of depression, and (3) among

this group, the treatment response was favorable; future studies
should explore whether internet-delivered stress interventions,
labeled as providing “support for coping with academic stress,”
might potentially attract students with symptoms of depression
who would not use formal mental health treatment and whether
they can reduce the incidence of depressive disorders [8]. Future
studies should thus investigate the utility of internet and
mobile-based interventions in affected students, that is, with
symptoms of major depression, as an indicated preventative or
early intervention approach to narrow the treatment gap and
improve academic functioning [4].

Conclusions
In conclusion, internet- and mobile-based interventions could
be an acceptable, effective, and potentially cost-effective
approach to reduce the negative consequences associated with
college-related stress.
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Abstract

Background: Chronic knee pain, most commonly caused by knee osteoarthritis, is a prevalent condition which in most cases
can be effectively treated through conservative, non-surgical care involving exercise therapy, education, psychosocial support,
and weight loss. However, most people living with chronic knee pain do not receive adequate care, leading to unnecessary use
of opiates and surgical procedures.

Objective: Assess the efficacy of a remotely delivered digital care program for chronic knee pain.

Methods: We enrolled 162 participants into a randomized controlled trial between January and March 2017. Participants were
recruited from participating employers using questionnaires for self-assessment of their knee pain, and randomized into treatment
(n=101) and control (n=61) groups. Participants in the treatment group were enrolled in the Hinge Health digital care program
for chronic knee pain. This is a remotely delivered, home-based 12-week intervention that includes sensor-guided exercise therapy,
education, cognitive behavioral therapy, weight loss, and psychosocial support through a personal coach and team-based interactions.
The control group received three education pieces regarding self-care for chronic knee pain. Both groups had access to
treatment-as-usual. The primary outcome was the Knee Injury and Osteoarthritis Outcome Score (KOOS) Pain subscale and
KOOS Physical Function Shortform (KOOS-PS). Secondary outcomes were visual analog scales (VAS) for pain and stiffness
respectively, surgery intent, and self-reported understanding of the condition and treatment options. Outcome measures were
analyzed by intention to treat (excluding 7 control participants who received the digital care program due to administrative error)
and per protocol.

Results: In an intent-to-treat analysis the digital care program group had a significantly greater reduction in KOOS Pain compared
to the control group at the end of the program (greater reduction of 7.7, 95% CI 3.0 to 12.3, P=.002), as well as a significantly
greater improvement in physical function (7.2, 95% CI 3.0 to 11.5, P=.001). This was also reflected in the secondary outcomes
VAS pain (12.3, 95% CI 5.4 to 19.1, P<.001) and VAS stiffness (13.4, 95% CI 5.6 to 21.1, P=.001). Participants’ self-reported
likelihood (from 0% to 100%) of having surgery also reduced more strongly in the digital care program group compared to the
control group over the next 1 year (–9.4 percentage points, pp, 95% CI –16.6 to –2.2, P=.01), 2 years (–11.3 pp, 95% CI –20.1
to –2.5, P=.01), and 5 years (–14.6 pp, 95% CI –23.6 to –5.5, P=.002). Interest in surgery (from 0 to 10) also reduced more so
in the digital care program compared to control group (–1.0, 95% CI –1.7 to –0.2, P=.01). Participants’ understanding of the
condition and treatment options (on a scale from 0 to 4) increased more substantially for participants in the digital care program
than those in the control group (0.9, 95% CI 0.6 to 1.3, P<.001). In an analysis on participants that completed the intervention
(per protocol analysis) all primary and secondary outcomes remained significant at greater effect magnitudes compared to intention
to treat, with those completing the program showing a 61% (95% CI 48 to 74) reduction in VAS pain compared to 21% (95% CI
5 to 38) in the control group (P<.001). Accounting for the cost of administering the program, we estimate net cost savings on
surgery alone of US $4340 over 1 year and $7900 over 5 years for those participants completing the digital care program compared
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to those in the control group receiving treatment-as-usual. In an exploratory subgroup analysis including only participants exhibiting
clinical symptoms of osteoarthritis the program proved equally effective.

Conclusions: This trial provides strong evidence that a comprehensive 12-week digital care program for chronic knee pain,
including osteoarthritis, yields significantly improved outcomes for pain, physical function, stiffness, surgery risk, and understanding
of the condition, compared to a control group.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN) 13307390;
http://www.isrctn.com/ISRCTN13307390 (Archived by WebCite at http://www.webcitation.org/6ycwjGL73)

(J Med Internet Res 2018;20(4):e156)   doi:10.2196/jmir.9667

KEYWORDS

osteoarthritis, knee; chronic pain; exercise; education; cognitive behavioral therapy; computers, handheld; coaching; non-invasive;
digital health; digital therapy; digital care program

Introduction

Background
Chronic knee pain (CKP), often caused by knee osteoarthritis,
affects 1 in 4 individuals over the age of 55 [1], and is a major
health condition [2] that is becoming increasingly prevalent [3].
The effects of CKP are far-reaching and not limited only to the
knee joint. Rather, chronic pain can result in negative effects
on general health status including social functioning, energy
and vitality, general health perception, limitations due to
emotional and physical problems [4], negative effects on quality
of life [5], productivity [6], emotional well-being [7], and health
care costs [8].

Current recommendations for management of chronic pain
suggest that treatments addressing multiple aspects of pain,
including physical, psychological, and social, are most effective
as compared to a single therapy [9,10]. Recommended
components of effective non-pharmacological care for chronic
musculoskeletal pain include physical activity, patient education,
weight reduction, and self-management and coping strategies
[9,11–13]. Thus, an effective treatment algorithm for CKP is a
comprehensive program consisting of the main components of
recommended conservative care.

Such comprehensive programs for chronic pain - including knee
osteoarthritis (OA), one of the most common diagnosis for CKP
[11] - have been shown to improve pain and function [15–23]
and reduce utilization of total knee arthroplasty (TKA) [12].
However, despite research into comprehensive programs for
CKP, utilization of such programs outside of the research arena
is rare. For example, it is estimated that 80% of individuals with
CKP due to knee OA are not adequately treated with
conservative care [13]. This, in turn, leads many patients to
undergo costly knee surgeries that could have been otherwise
avoided [14]. Thus, there is a significant need to improve access
and increase use of a comprehensive treatment program for the
large population of individuals affected by CKP.

Digital technology has the potential to effectively provide
comprehensive CKP programs. A digital care program (DCP)
incorporating multiple components of recommended care could
allow for more efficient, effective, and economical treatment
by overcoming barriers to behavior change often observed in
traditional in-person care, such as travel time, missed work,
cost of care, and limited access to healthcare. Furthermore, a

DCP incorporating remote sensing would allow for monitoring
of patient adherence, a critical barrier limiting long-term
effectiveness of treatment programs [15,16]. Only a few studies,
however, have examined the use of digital technologies for
CKP, investigating web-based platforms for physical activity
and exercise [17,18], pain coping training [19], and more
comprehensive programs incorporating education and exercise
[20-22]. In particular, there are limited studies using a more
rigorous randomized controlled design [18,19,22], and the use
of digital health in musculoskeletal conditions is regarded as
early stage [23].

We have developed a 12-week program for CKP called the
Hinge Health DCP [24]. It consists of recommended components
of non-pharmacological care for chronic musculoskeletal pain
and includes sensor-guided exercise therapy promoting local
muscle strengthening and stretching, education, cognitive
behavioral therapy, psychosocial support through teams and
personal health coaches, weight loss, and activity tracking. We
have previously shown that the Hinge Health 12-week DCP
improves clinical outcomes of pain, function, and stiffness over
a period of 6 months after initiation of the program in a
single-arm study of individuals with CKP [24]. The purpose of
this study was to assess the short-term effectiveness (12 weeks
after initiation) of the Hinge Health DCP in improving knee
pain and disability in subjects with CKP, as compared to a
control group receiving treatment as usual and knee care
education only. We employed a randomized controlled trial
with the hypothesis that the DCP would cause a greater
improvement in outcome than the control treatment.

Methods

Study Design
This study was a two-armed, randomized, controlled, unblinded
trial of participants with chronic knee pain. Online applications
were invited from employees and their dependents at
participating employers spread out over 12 office locations.
Participants were recruited through emails and posters
distributed through the participants’employers between January
and March 2017. The trial was approved by the Western
Institutional Review Board, and participants completed the
intervention at home. The trial was performed in compliance
with the Helsinki Declaration for research involving human
subjects and in line with ICH-GCP guidelines. The trial was
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preregistered at International Standard Randomized Controlled
Trial Number (ISRCTN) 13307390. We followed CONSORT
guidelines for reporting this trial.

Study Population
We assessed the eligibility of all applicants that completed the
baseline questionnaire for CKP through their web browser.
Participants provided informed consent as part of this
questionnaire using a checkbox and digital information sheet.
The inclusion criteria were: (1) age over 18, (2) knee pain for
at least 1 month in the last 12 months, (3) participating in the
collaborating employers’ health plans, and (4) provision of
informed consent. The exclusion criteria were (1) a prior
diagnosis of rheumatoid arthritis, (2) surgery on the knee less
than 3 months ago, and (3) an injury to the knee less than 3
months ago. We did not include knee OA as an inclusion
criterion, though we did assess the presence of OA through 6
self-reported clinical criteria, whereby 3 or more positive criteria
suggested OA: age over 50 years, stiffness for <30 minutes in
the morning, crepitus, bony tenderness, bony enlargement, and
no palpable warmth [11]. As there were a limited number of
places available on the program, eligible applicants were
prioritized for enrollment, with those exhibiting greater pain,
disability, and surgery intent prioritized over those showing
less. Applicants that were not prioritized were placed on the
waitlist (n=73). Participants were not paid for their time, other
than an incentive offered to complete the outcome questionnaire
for those that did not complete it within 4 days of first invitation.

Randomization
Eligible applicants were randomized into the trial twice weekly
during the signup period. Batches of selected participants were
then randomized into treatment and control using a 60:40
(treatment: control) ratio (n=115) or using an 80:20 ratio (n=47).
The 80:20 ratio represents a deviation from the study protocol
due to an administrative error and was only used for a restricted
time. The effective allocation ratio was therefore 62:38
(treatment: control). When a batch of applicants was
randomized, an algorithm shuffled the batch and selected the
first 60% (or 80%) to enter the treatment, and the remaining
40% (or 20%) to enter control. As such, the person(s) reviewing
the applicants had no way of knowing whether any given
applicant would end up in the treatment or control group
(concealed allocation). After randomization, participants in the
treatment group received an email inviting them to complete
their profile and receive their kit to participate in the DCP,
whereas those in the control group received an email with three
education articles to help them care for their knee. Due to the
nature of the study, neither the study staff nor the participants
were blinded to group allocation.

Study Intervention
The treatment group received the Hinge Health 12-week DCP
for CKP. The contents of this program have been described
previously [24]. In short, participants received a tablet computer
with the Hinge Health application installed, and two custom
Bluetooth sensors with straps to be used on the upper and lower
leg during the in-app exercise therapy. Participants were
assigned a personal coach that provided support and

accountability throughout the program and were placed in a
team to provide peer support through a discussion feed within
the app. Participation was completed entirely remotely through
the app, at times and places chosen by the participant. Reminders
were provided by text message and email if the participant was
not engaging at the recommended intensity with the program.
On a weekly basis, participants in the DCP were set the goal of
completing 3 sessions of sensor-guided exercise therapy, reading
one to two education articles, logging their symptoms at least
twice, performing cognitive behavioral therapy (CBT; subset
of weeks only), working at weight loss (if overweight), and
tracking at least three 30-minute sessions of aerobic activities.
Details of each of these components of the DCP are described
elsewhere [24]. Each participant also maintained access to
treatment as usual (TAU).

The control group received three pieces of education, presented
digitally, that is also part of the Hinge Health DCP. These
articles discussed the importance of self-care, how to deal with
setbacks in knee pain, and how to manage communication and
relationships when living with CKP. The control group
maintained access to TAU and were informed that they would
be reconsidered for the program when new places became
available following the 12-week study.

The application was developed, owned, and sponsored by Hinge
Health, Inc. The 12-week program received extensive testing
over a 2-year period prior to starting the trial. All participants
received the same version of the program, and there were no
major application updates during the course of the trial.

Study Outcomes

Primary Outcomes
The preregistered primary outcomes were the Knee Injury and
Osteoarthritis Outcome Score (KOOS) Pain subscale [25], and
the KOOS Physical Function Shortform (KOOS-PS, referred
to as “KOOS short version” in preregistration) scale [26]. Both
scales span from 0 (no pain or impaired function, respectively)
to 100 (extreme pain or impaired function, respectively), and
were assessed at baseline and at the end of the 12-week DCP
in the intervention and control groups. Both surveys are
composite measures which may confound multiple conditions,
however the digital nature of the program precluded individual
clinical evaluation. Additionally, those in the treatment group
were asked to complete both questionnaires at weeks 4 and 8
as part of the DCP. To conclude a positive effect of treatment
we required a significant effect on both primary outcomes,
though we note this was not specified in the preregistration.

Secondary Outcomes
We describe multiple preregistered secondary outcomes. Firstly,
a visual analogue scale (VAS) for the question “Over the past
24 hours, how bad was your knee pain?” from 0 (“none”) to
100 (“worst imaginable”). Secondly, a VAS for the question
“Over the past 24 hours, how bad was your knee stiffness?”
from 0 (“none”) to 100 (“worst imaginable”). Thirdly, we
assessed surgery intent using multiple questions: “What do you
think are the chances you'll have knee surgery in the next year,
in %?” as well as the same question for 2 and 5 years into the
future. We also asked “On a scale of 0 to 10 how interested are
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you in knee surgery?” with labels “not at all” at 0, and
“definitely going to get surgery” at 10. Lastly, we asked
“Thinking about your symptoms, how well do you feel you
understand your condition and your treatment options?” with
answers “Not at all”, “Slightly”, “Moderately”, “Very well”,
“Completely”, coded from 0 to 4. All data were assessed at
baseline and at the end of the 12-week DCP in both the
intervention and control groups. Additionally, those in the
treatment group were asked to complete these questions at
various points during the DCP: the VAS twice each week, and
the questions related to surgery and understanding of their
condition at week 6.

Sample Size
The minimal clinically important difference for KOOS is
considered to be approximately 10 points on the 100-point scale,
and a standard deviation of 15 is recommended for power
calculations [27]. Although we did not use the full KOOS scale,
we assumed its derivate questionnaires would have similar
properties and used a standard deviation of 15 to perform power
calculations. The number of participants needed in each group
to detect a 10-point difference given a Type I error rate of 0.05
and power of 0.8 is 36. Given our unequal allocation ratio, this
would need to be at least 54 in the treatment group and 36 in
the control group for a total of at least 90 participants in the
trial. As we had two primary endpoints albeit not independent
of one another, we significantly over-recruited participants into
the trial. We opted for an unequal allocation ratio to ensure we
would be able to enter a certain minimum number of people
into the treatment arm, a criterion mandated by the commercial
nature of the deployments.

Statistical Analysis
Our primary analysis was conducted using a modified
intent-to-treat approach. This analysis included all participants
that were randomized, including those in the treatment group
that never started the DCP. However, we excluded 7 participants
in the control group that were enrolled in the DCP due to an
administrative error (including these participants does not
materially affect the statistical significance of the results). We
describe baseline characteristics for the treatment and control
groups using frequencies, means, and standard deviation. For
those participants in the treatment group that performed at least
one session of exercise therapy and those that completed the
week 12 outcome questionnaire respectively, we also provide
descriptive statistics of their engagement with the DCP. The
analysis of primary and secondary outcomes was performed
using a linear mixed model using the Linear Mixed-Effects
Model (“lme4”) package in R [28] with within-subject factor
“time point” (baseline or outcome) and between-subject factor
“group” (treatment or control) and their interaction. We modeled
a separate baseline for each participant, effectively examining
the change scores only (in lme4 this was performed as “score
~ timepoint*group + (1|participant)”, where (1|participant)
models an intercept for each participant separately). We assessed
normality of the residuals based on quantile-quantile (QQ)-plots.

If we did not have outcome data for a participant, we used last
observation carried forward (LOCF). For those in the control
group, this meant their baseline was carried forward; for those
in the treatment group this meant either their baseline was
carried forward, or data collected during the course of the DCP.
We also analyzed all primary and secondary outcomes with
baseline carried forward (BOCF) also for the treatment group
(rather than LOCF). We also omitted LOCF and instead allowed
the mixed-effects model to account for the missing data, which
yielded an identical pattern of results as using LOCF and BOCF.
We also report the primary and secondary outcomes following
a per-protocol analysis to assess the effect of the program on
those that complete it. Lastly, we performed an exploratory
subgroup analysis using the same primary and secondary
outcomes on participants that met the criteria for knee OA as
defined by having at least 3 out of 6 clinical criteria: age >50
years, stiffness in the morning <30 min, crepitus, bony
tenderness, bony enlargement, and no palpable warmth [11].

Surgery Cost Savings
We report the expected savings on surgery costs based on
participants’ self-assessment of their likelihood to have surgery.
The calculation estimates the cost of knee surgery at US $40,000
[29]. For example, a 10-percentage point reduction in
self-reported 1-year surgery likelihood would translate into a
cost saving of US $4000 in the first year, minus the costs of the
program per participant. The net cost saving is not considered
a primary or secondary outcome of the clinical trial and is only
calculated for those participants completing the trial (per
protocol).

Results

Study Population
A total of 309 people completed the screening for CKP in
January or February 2017, of which 162 entered the trial and
were randomized (Figure 1). Of those 162 individuals, 62%
entered the treatment arm (101/162) and 38% entered the control
arm (61/162). Seven participants in the control arm were given
the DCP due to administrative error and have all been excluded
from all following results. The errors afflicted this set of
participants completely at random (ie, not as a function of
symptoms, demographics, or otherwise) and their exclusion,
therefore, does not bias the findings; in contrast, including these
participants would have led to an underestimation of the true
effect of treatment. The baseline demographics were comparable
between groups (Table 1), with the average participant 46 years
of age and overweight. At baseline, all but 1 participant believed
the DCP would help them delay surgery, and 87% (135/155)
believed the DCP could help them avoid surgery altogether. A
substantial minority (41%) had already undergone knee surgery
in the past, though none were actively rehabilitating. The only
difference in demographics between both groups was the gender
balance; there were more women in the treatment compared to
control group (43% versus 26% respectively).
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Table 1. Demographics of the control and treatment groups. The term SD refers to standard deviation.

AllControlTreatmentCharacteristic

15554101Number of participants

46 (12)47 (12)46 (12)Age in years, mean (SD)

27 (5)28 (4)27 (5)Body Mass Index (kg/m2), mean (SD)

57 (37)14 (26)43 (43)Female, n (%)

50 (32)17 (31)33 (33)Physical Training-like exercise at screeninga, n (%)

12 (8)6 (11)6 (6)Fear avoidanceb, n (%)

36 (24)39 (25)34 (23)Godin activity scorec, mean (SD)

6 (3)6 (3)6 (3)Hours sedentary per day, mean (SD)

154 (99)54 (100)100 (99)Think Digital Care Program can delay surgery, n (%)

135 (87)48 (89)87 (86)Think Digital Care Program can avoid surgery, n (%)

2 (1)0 (0)2 (2)Taking antidepressants, n (%)

8 (5)3 (6)5 (5)Taking opioids, n (%)

11 (3)10 (3)11 (3)Self-efficacyd, mean (SD)

64 (41)19 (35)45 (45)Surgery on the knee in the past, n (%)

119 (77)44 (81)75 (74)Knee osteoarthritise, n (%)

aPositive answer to the question “Do you currently do any physical therapy-style exercises?”
bPositive answer to the question “It's really not safe for a person with a condition like mine to be physically active.”
cComposite score; 24 indicates “active”, 14-23 indicates “Moderately active”, and <14 indicates “Insufficiently active/sedentary” [30].
dHealth self-efficacy assessment, scores from 0 (no self-efficacy) to 15 (high self-efficacy) [31].
eDefined as satisfying at least 3 out of 6 clinical criteria for osteoarthritis [11].

Figure 1. Participant flow diagram.
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Participant Flow
Participants in the treatment group were lost at three stages.
First, of the 101 participants randomized to treatment, 14 did
not respond to our invitation to take part in the DCP or
subsequent follow-up communications. Second, 7 participants
actively withdrew during the course of the DCP, due to injury
or for personal reasons (eg, time constraints or stress at work,
Figure 1). Third, 22 participants did not complete the week 12
online outcomes survey.

In the control group, 7 participants were placed in the DCP due
to an administrative error. A further 18 participants did not
complete the week 12 outcomes survey.

Engagement
For participants in the treatment group, we tracked completion
of each component of the DCP. Participants that started the
DCP (n=87), defined as performing at least one sensor-guided
workout, performed an average of 33 in-app workouts, or an
average of 2.5 workouts per week from week 0 (introduction
to the program) to 12. Users that completed the outcome
questionnaires at 12 weeks (n=59) performed 43 sensor-guided
workouts (3.3 workouts per week), compared to the 3 times per
week that is recommended in the DCP. Average weekly
engagement with the DCP was 76% for those that started the
program, and 95% for those that completed it. Participants that
completed the 12-week follow-up read approximately 10
education articles, completed 2 Cognitive Behavioral Therapy
(CBT) sessions, posted on the feed 8 times, and contacted their
coach over text message or in-app message about 7 times.

Outcomes

Primary Outcomes
Both primary outcomes improved significantly more in the
treatment group compared to the control group (Table 3). We
observed a statistically significant mean group difference for
KOOS Pain whereby the treatment group improved by 7.7 (95%
CI 3.0 to 12.3) points more than the control group. Similarly,

the treatment group improved by 7.2 (95% CI 3.0 to 11.5) points
more than the control group on the KOOS-PS scale.

Secondary Outcomes
Each of the secondary outcomes also showed the DCP to be
superior to control (Table 3). The VAS pain and stiffness scores,
although improved in the control as well as the treatment group,
improved by 12 (95% CI 5.4 to 19.1) points more for those in
the DCP than in control. The self-reported likelihood of surgery
in the next 1, 2, and 5 years, as well as interest in having surgery,
all decreased more for those in the DCP than those in control
over the 12-week period. Lastly, participants on the DCP
improved their understanding of their condition and treatment
options more than those in the control group. All primary and
secondary outcomes remained statistically significant in an
analysis using baseline carried forward for the treatment group
rather than last observation carried forward.

Per Protocol Analysis
We also provide results for only those participants that received
their allocated intervention and completed the outcome
questionnaires (n=58 for treatment, n=36 for control) in Table
4. The per protocol results are fully consistent with the
intent-to-treat analysis.

Based on the reductions in surgery likelihood we also calculated
the net savings per participant of the program after accounting
for the costs of delivering the program. The 1-year net saving
of the digital care program is US $4340 (13.1% * US $40,000,
corrected for the cost of the digital care program), the 2-year
savings are US $4660, and the 5-year savings are US $7900.

Subgroup Analysis: Knee Osteoarthritis
An intent-to-treat analysis on participants with knee
osteoarthritis (75/101 in the treatment group; 44/54 in the control
group) showed results consistent with the original intent-to-treat
analysis presented in Table 3 in terms of the magnitude of the
group difference and statistical significance.

Table 2. Engagement indicators for each of the aspects of the Digital Care Program. “Starters” indicates participants performed at least one sensor-guided
workout. “Finishers” indicates participants that completed the outcomes questionnaires at week 12 follow-up.

All Finishers (n=59)All Starters (n=87)Indicator

42.9 (17.3)33.1 (24)Number of workouts, mean (SD)

55.9 (94.8)66.3 (76.2)Users engaging with the program per week, n (%)

58 (98.3)78 (89.7)Users active with sensor-guided exercise in weeks 1-4, n (%)

56 (94.9)69 (79.3)Users active with sensor-guided exercise in weeks 5-8, n (%)

55 (93.2)60 (69)Users active with sensor-guided exercise in weeks 9-12, n (%)

13.2 (8.8)9.6 (9.1)Offline activities logged in hours, mean (SD)

9.6 (3.1)7.3 (4.5)Education articles read, mean (SD)

1.8 (1.1)1.4 (1.2)Cognitive Behavioral Therapy session completed, mean (SD)

8.4 (7.6)6.1 (7.2)Team posts and comments, mean (SD)

6.6 (5.7)5.9 (5.6)In-app messages sent to coach, mean (SD)
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Table 3. Primary and secondary outcomes for the intent-to-treat analysis of treatment and control groups. The mean group difference as well as the P
value for the interaction are derived from the linear mixed effects model. Each of the primary and secondary outcomes favors the treatment over the
control group. P values uncorrected for multiple tests. KOOS: Knee injury and Osteoarthritis Outcome Score; PS: Physical Function Shortform; VAS:
visual analogue scale.

Interaction,
P value

Group difference,
mean (95% CI)

Control at
outcome,
mean (SD)

Control at
baseline,
mean (SD)

Treatment at
outcome,
mean (SD)

Treatment at
baseline,
mean (SD)

Outcome

Primary Outcomes

.002–7.7 (–12.3 to –3)38.4 (17.2)41.4 (16.5)30.3 (17.1)41.0 (14.1)KOOS Pain (0-100)

.001–7.2 (–11.5 to –3)52.5 (16.2)54.5 (15.7)44.6 (16.7)53.8 (12.3)KOOS-PS (0-100)

Secondary Outcomes

.001–12.3 (–19.1 to –5.4)38.3 (22.2)44.7 (20.3)26.6 (22)45.2 (21.4)VAS Pain score (0-100)

.001–13.4 (–21.1to –5.6)43.2 (21.6)47.4 (21.9)25.1 (22.3)42.6 (23.4)VAS Stiffness score (0-100)

.01–9.4 (–16.6 to –2.2)23.9 (29.1)24.3 (26.2)14.7 (25)24.5 (26.9)Surgery chance next year, %

.01–11.3 (–20.1 to –2.5)30 (28.9)31.7 (27.9)19.1 (26.9)32.1 (31)Surgery chance next two years, %

.002–14.6 (–23.6 to –5.5)44.1 (33.6)49.8 (32.7)27.5 (32.9)47.8 (35)Surgery chance next five years, %

.01–1.0 (–1.7 to –0.2)2.89 (3.21)3.02 (3.32)1.92 (2.93)3.03 (3.41)Surgery interest (0-10)

<.0010.9 (0.6 to 1.3)1.76 (1.03)1.94 (1.04)2.68 (0.937)1.92 (1.01)Understanding of condition and treatment
options (0-4)

Table 4. Per protocol results. All participants that completed their assigned treatment and completed the week 12 outcome questionnaire are included.
KOOS: Knee Injury and Osteoarthritis Outcome Score; PS: Physical Function Shortform; VAS: visual analogue scale.

Interaction,
P value

Group difference,
mean (95% CI)

Control at
outcome,
mean (SD)

Control at
baseline,
mean (SD)

Treatment at
outcome,
mean (SD)

Treatment at
baseline,
mean (SD)

Outcome

Primary outcomes

<.001–12.6 (–18.7 to –6.5)34 (12.9)39.2 (14.7)21.8 (13.4)39.6 (14.5)KOOS Pain (0-100)

<.001–12.1 (–17.7 to –6.6)48.4 (15.9)51.8 (16.4)37.4 (16.1)52.9 (12.6)KOOS-PS (0-100)

Secondary outcomes

<.001–17.3 (–26.3 to –8.3)35.8 (21.8)45.5 (19.6)17.2 (16.2)44.1 (21.5)VAS Pain score (0-100)

<.001–19.9 (-30.4 to –9.4)40.8 (20.9)47.4 (22.1)15.9 (17.3)42.4 (24.3)VAS Stiffness score (0-100)

.02–13.1 (–24.1 to –2.2)20 (26.3)20.8 (21.9)7.59 (18.5)21.6 (24.9)Surgery chance next year, %

.03–13.9 (–26.6 to –1.3)25.3 (26.9)27.4 (25)12.1 (21.5)28.1 (29.1)Surgery chance next two years, %

.001–22 (–35 to –9.1)40.1 (30.9)48.6 (29.9)18.2 (26.5)48.7 (33.9)Surgery chance next five years, %

.01–1.4 (–2.5 to –0.3)2.78 (3.14)3 (3.3)1.31 (2.39)2.93 (3.28)Surgery interest (0-10)

<.0011.5 (1.1 to 1.9)1.56 (0.998)1.83 (1.06)3.09 (0.657)1.88 (1.03)Understanding of condition and treatment
options (0-4)

Discussion

Principal Findings
While CKP is a prevalent cause of disability worldwide [1,2],
comprehensive conservative programs for the condition are
lacking. The Hinge Health DCP has been designed to address
this lack of chronic pain programs and incorporates components
of best-practice conservative care for CKP in a digital format
that provides flexibility to the user. The results of this
randomized controlled trial demonstrated large improvements
in knee pain, physical function, and stiffness in individuals with
CKP on the Hinge Health DCP that were significantly greater
than a control group receiving knee care education and treatment

as usual over a period of 12 weeks after program initiation.
Participant surgery interest also significantly decreased and
understanding of their condition increased in the treatment group
as compared to the control group. The positive results of this
study demonstrate the potential of the Hinge Health DCP as a
treatment for a large number of individuals affected by CKP
that otherwise would be at risk for surgery.

Analysis of primary study outcomes demonstrated large
improvements in both KOOS pain and function scales in the
treatment group. Similarly, significantly greater improvements
in physical function (KOOS-PS) scores were observed in the
treatment group as compared to the control group. When
considering individuals who started on and completed the study
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as per protocol, the improvements observed in KOOS Pain and
function scores were 45% in the treatment group as compared
to 13% in control, and 29% in treatment as compared to 7% in
control, respectively. The improvements observed in the
treatment group exceeded recommended minimal clinically
important changes for KOOS [27], while the small
improvements in the control group did not. The group difference
in KOOS did not quite reach the minimal clinically important
difference due to the relatively large drop-off which ‘diluted’
the improvements of those that completed the program.
Nonetheless, the clinically significant improvements
demonstrated at the end of the 12-week program for not only
the primary outcome measures but also secondary metrics
provide strong evidence for the benefits of the Hinge Health
DCP for individuals affected by CKP.

Similar large improvements that were significantly greater in
the treatment group than in control were noted in secondary
outcomes of VAS pain and stiffness scales. At the end of the
12-week program, per protocol participants in the treatment
group had 61% and 63% improvements in VAS pain and
stiffness, as compared to 21% and 14%, respectively, in the
control group. Subjects’ perception of surgery interest and
surgery requirements also changed favorably at the end of the
12-week Hinge Health DCP, with a 63% reduction in the belief
that they would require surgery within the next 5 years in the
per protocol treatment group as compared to a reduction of 17%
in the control group. It is also important to note that the Hinge
Health DCP was safe for participants, as there were no reported
adverse events during the 12-week program.

The results of this study demonstrated comparable or greater
improvements in pain, physical function, and stiffness as
compared to other treatment programs for CKP. Bossen et al
[18] demonstrated improvements of 15% in physical function
and 35% in pain at 3 months after initiation of a 9-week
web-based behavior graded physical activity intervention in
patients with knee and/or hip OA. Hughes et al [32] found
improvements in Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain, stiffness, and function
scores of 23%, 17%, and 23%, respectively, at the end of an
8-week exercise and behavior-change program for OA.
Similarly, Hurley et al [33] demonstrated per protocol
improvements in WOMAC pain and function of 31% and 26%,
respectively, at the end of a 6-week rehabilitation program
combining self-management and exercise for CKP. While the
current study did not investigative the longer-term effect of the
Hinge Health DCP past the end of the 12-week program, data
from prior studies of treatment programs of similar duration
(6-12 weeks) [18,22,32-34] showed improvement in outcomes
can be maintained as long as 30 months after program
completion [33]. Thus, it is likely that the results of the Hinge
Health DCP would be maintained after the 12-week program.

The improvements observed as a result of the Hinge Health
DCP have the potential to translate into substantial economic
savings, however, in lieu of long-term data are based on
participant self-report. Based on results for participants’
self-reported likelihood of having surgery, the potential savings
per completing participant due to surgery avoidance alone equate
to US $4340 net cost savings on surgery over the first year in

individuals using the Hinge Health DCP as compared to
treatment as usual. Other integrated rehabilitation programs for
CKP have also demonstrated lower healthcare costs as compared
to usual care [33]. Thus, while the long-term effect of the Hinge
Health DCP may in part be dependent on continued adherence
to the program [35], it is anticipated that the behavioral,
educational, and psychosocial components of the program have
the potential for long-term clinical and economic effects [33].

When interpreting the results of this study, its strengths and
limitations should be considered. Strengths of this study include
the randomized controlled study design, and that the study was
designed, conducted, and analyzed according to a pre-specified
protocol. Further, the digital format of the program provides
flexibility to individuals to participate at times and places
convenient to them. While the results of this study demonstrate
significantly greater improvements in primary and secondary
outcomes with the Hinge Health DCP as compared to control,
this study did not investigate the long-term effect of the Hinge
Health DCP past the end of the 12-week program. Thus, further
work is needed to evaluate the long-term impact of the Hinge
Health DCP as compared to control. Our prior work suggests
the potential for long-term effects as it demonstrated improved
patient-reported outcomes in a single-arm study 6 months after
program initiation [24]. We are in the process of collecting
multi-year data and these results will be published in due course.
A second point to note is that preliminary analyses not shown
here suggest that BMI, gender, and surgery risk all affect the
risk of dropping out. We plan to investigate risk factors for
failure to adhere to the DCP in an upcoming study. Finally,
around 20% of participants had less than 3 months of pain over
the past 12 months, which does not strictly meet a definition of
chronic pain. In a larger cohort, the efficacy of the program on
long-term versus intermittent knee pain should be examined.

The study enrolled a representative population with CKP
problems. While CKP is a hallmark symptom of knee OA [11],
a diagnosis of knee OA was not required for inclusion in this
study. Analysis of participant baseline data demonstrated that
74% of individuals in the treatment arm and 80% of individuals
in the control arm had knee OA as defined by clinical diagnosis
for knee OA derived from the American College of
Rheumatology criteria for OA of the knee [11]. A sub-group
analysis of these participants confirmed the successful outcome
of the Hinge Health DCP in the primary and secondary outcomes
over the 12-week period as compared to control, demonstrating
the applicability of the program to highly prevalent knee OA.

The comprehensive nature of the Hinge Health DCP addresses
multiple components of recommended management for CKP
[9,10]. However, it is therefore unknown if all components of
the program (sensor-guided exercise therapy, education,
cognitive behavioral therapy, weight loss, and psychosocial
support) are necessary to attain the reported results. Similar to
other studies investigating interventions for CKP and knee OA,
[18,22,32,34,36] due to the nature of this study, participants
could not be blinded as to the intervention, and thus we cannot
rule out the possibility of an attention effect. The attrition rate
for week 12 patient-reported outcomes was in line with other
studies for CKP [18]. Further, as the rate was similar in both
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control and treatment it is not anticipated to have impacted the
findings of the study.

Conclusion
Individuals with CKP who used the Hinge Health DCP for 12
weeks experienced significantly greater improvement in

self-reported clinical outcome measures of pain, physical
function, stiffness, as well as surgery intent and understanding
of their condition, as compared to a control group receiving
knee education articles and treatment as usual. Given the
observed benefits, the Hinge Health DCP may be an effective
comprehensive treatment program for individuals with CKP.
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Abstract

Background: Perfectionism can become a debilitating condition that may negatively affect functioning in multiple areas,
including mental health. Prior research has indicated that internet-based cognitive behavioral therapy can be beneficial, but few
studies have included follow-up data.

Objective: The objective of this study was to explore the outcomes at follow-up of internet-based cognitive behavioral therapy
with guided self-help, delivered as 2 separate randomized controlled trials conducted in Sweden and the United Kingdom.

Methods: In total, 120 participants randomly assigned to internet-based cognitive behavioral therapy were included in both
intention-to-treat and completer analyses: 78 in the Swedish trial and 62 in the UK trial. The primary outcome measure was the
Frost Multidimensional Perfectionism Scale, Concern over Mistakes subscale (FMPS CM). Secondary outcome measures varied
between the trials and consisted of the Clinical Perfectionism Questionnaire (CPQ; both trials), the 9-item Patient Health
Questionnaire (PHQ-9; Swedish trial), the 7-item Generalized Anxiety Disorder scale (GAD-7; Swedish trial), and the 21-item
Depression Anxiety Stress Scale (DASS-21; UK trial). Follow-up occurred after 6 months for the UK trial and after 12 months
for the Swedish trial.

Results: Analysis of covariance revealed a significant difference between pretreatment and follow-up in both studies.
Intention-to-treat within-group Cohen d effect sizes were 1.21 (Swedish trial; 95% CI 0.86-1.54) and 1.24 (UK trial; 95% CI
0.85-1.62) for the FMPS CM. Furthermore, 29 (59%; Swedish trial) and 15 (43%; UK trial) of the participants met the criteria
for recovery on the FMPS CM. Improvements were also significant for the CPQ, with effect sizes of 1.32 (Swedish trial; 95%
CI 0.97-1.66) and 1.49 (UK trial; 95% CI 1.09-1.88); the PHQ-9, effect size 0.60 (95% CI 0.28-0.92); the GAD-7, effect size
0.67 (95% CI 0.34-0.99); and the DASS-21, effect size 0.50 (95% CI 0.13-0.85).

Conclusions: The results are promising for the use of internet-based cognitive behavioral therapy as a way of targeting
perfectionism, but the findings need to be replicated and include a comparison condition.

(J Med Internet Res 2018;20(4):e154)   doi:10.2196/jmir.9823
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Introduction

Perfectionism has many positive features, such as striving for
excellence, but it can also have a negative impact in many areas,
including mental health [1]. Characterized by perfectionistic
strivings and perfectionistic concerns, perfectionism, instead
of helping the individual fulfill their goals, is associated with
avoidance, worry, procrastination, and self-criticism [2].
Perfectionism has also been found to be related to anxiety
disorders, depression, and eating disorders, in part by increasing
the odds of their occurrence, but also by interfering with
treatment progress, particularly by making behavior change
more difficult. In particular, certain populations tend to have
elevated perfectionism, such as people with eating disorders,
depression, social anxiety disorder, panic disorder, and
obsessive-compulsive disorder, compared with healthy controls
[3]. It has therefore been suggested that the use of psychological
treatments to address perfectionism could improve outcomes
for other conditions as well through transdiagnostic processes.
Moreover, the two higher-order dimensions of perfectionism
have also been found to be related to psychiatric disorders in
different ways. Perfectionistic strivings seem to be particularly
related to eating disorders, while perfectionism concerns are
primarily associated with depression and anxiety disorders [2].
This could imply that psychological treatments targeting
perfectionism might have to be adapted depending on the
psychiatric disorder [3]. Furthermore, elevated levels of
perfectionism can also be found among athletes and specific
sociodemographics [2], suggesting that there may be populations
that are particularly vulnerable to developing problems due to
perfectionism, and for whom psychological intervention could
prevent the development of further psychopathology.

A systematic review and meta-analysis by Lloyd et al [4]
provided evidence for the efficacy of cognitive behavioral
therapy (CBT) for managing perfectionism and for targeting
symptoms of depression and anxiety. Data gathered from 6
clinical trials that used the Frost Multidimensional Perfectionism
Scale, Concern over Mistakes subscale (FMPS CM) [5], a
widely distributed self-report measure of perfectionism, showed
that the average within-group Hedges g effect size between pre-
and posttreatment was 1.32 (95% CI 1.02-1.64). Using the
Clinical Perfectionism Questionnaire (CPQ), a self-report
measure to assess clinical perfectionism [6], 3 clinical trials
obtained comparable outcomes, with Hedges g effect sizes
ranging from 0.90 to 1.24. However, even though the findings
are promising, the meta-analysis did not provide any estimates
for follow-up data, making it unclear whether the outcomes
were maintained. A clinical trial by Egan et al [7], which
recruited participants through self-referral and included an
assessment at 6 months following treatment, indicated that CBT,
administered face-to-face or via the internet without any
guidance, had within-group Cohen d effect sizes of 2.11
(face-to-face; 95% CI 1.26-2.88) and 0.43 (unguided self-help;
95% CI –0.28 to 1.12) on the FMPS CM. For the CPQ, Cohen
d effect sizes were 1.61 (face-to-face; 95% CI 0.83-2.32) and
0.73 (unguided self-help; 95% CI –0.01 to 1.42). In terms of
recovery, based on a statistical cutoff and exceeding the Reliable
Change Index (RCI), 67% (face-to-face) and 40% (unguided

self-help) met the criteria for recovery at follow-up. This implies
that the benefits can be maintained and possibly even improved
from posttreatment. However, given the small sample size and
high attrition rate, these findings need to be interpreted
cautiously.

To extend the understanding of the treatment of perfectionism
and to evaluate the efficacy of internet-based CBT (ICBT), 2
clinical trials of treatment with guided self-help were conducted
in Sweden and the United Kingdom. The participants were
self-referred and assigned to self-help with guidance from a
therapist or to a waitlist control group. The results from pre- to
posttreatment were encouraging, obtaining within-group Cohen
d effect sizes of 1.03 (Swedish trial; 95% CI 0.69-1.36) and
1.47 (UK trial; 95% CI 1.06-1.86) for the FMPS CM. For the
CPQ, Cohen d effect sizes were 1.44 (Swedish trial; 95%
1.08-1.78) and 1.67 (UK trial; 95% CI 1.25-2.07) [8,9].

This study aimed to assess the long-term benefits of treating
perfectionism by determining the outcomes at follow-up for
those who received ICBT with guided self-help in the Swedish
and UK studies. However, given the differences between the 2
clinical trials on several key characteristics, for example their
inclusion and exclusion criteria, we present the results separately
rather than combined.

Methods

Participants and Procedure
Participants in both clinical trials consisted of self-referrals
recruited through advertisements in the media, social media,
and on campus grounds. Those interested in participating entered
a website to complete a screening process and provide electronic
informed consent. The websites were connected to a secure
Web-based interface where self-report measures were presented,
asynchronous communication with the study supervisors was
carried out, and treatment content was delivered [10]. To log
on, the participants had to use an autogenerated identification
code (eg, 1234abcd), a strong personal password, and a one-time
personal identification number sent to their mobile phone,
ensuring safety and anonymity. Inclusion and exclusion criteria
differed somewhat between the clinical trials, as did a few other
key characteristics (see Table 1) [11,12].

Individuals fulfilling the inclusion criteria and being deemed
eligible to participate were randomly assigned to ICBT with
guided self-help or to a waitlist control group. In total, 156 were
included in the Swedish trial (guided self-help n=78), compared
with 120 in the UK trial (guided self-help n=62). Those assigned
to the waitlist control later received the same treatment content,
either in a second wave of treatment (Swedish trial) or by being
given a self-help book (UK trial); we did not consider these
participants in this study. Further details regarding recruitment
and eligibility can be obtained elsewhere [8,9], as well as in
Table 1 and the flowchart in Figure 1. Table 2 shows the
baseline characteristics of the participants at pretreatment for
each clinical trial; the 2 trials differed on several baseline
characteristics. Overall, participants in the UK trial were more
likely to be single, be younger, report prior mental health
problems, have previous experience of undergoing psychological
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treatment and using psychotropic medication, and have greater
symptom severity on the FMPS CM, but not on the CPQ.

Measures
The main outcome measure in both trials was the FMPS CM
[5], comprising 9 items related to worries of making mistakes
that are scored on a 5-point Likert scale (range 1-5). The FMPS
CM has a Cronbach alpha of .88 [5]; in the 2 trials it was .85
(Swedish trial) and .74 (UK trial). Both trials also administered
the CPQ [6], comprising 12 items associated with a specific
construct of clinical perfectionism that are scored on a 4-point
Likert scale (range 0-3). The CPQ has a Cronbach alpha of .73
[6]; in the 2 trials it was .66 (Swedish trial) and .74 (UK trial).

The secondary outcome measures differed between the 2 clinical
trials but are nonetheless reported to examine the benefits on

conditions other than perfectionism. In the Swedish trial, these
were the 9-item Patient Health Questionnaire (PHQ-9) [13] and
the 7-item Generalized Anxiety Disorder scale (GAD-7) [14].
The PHQ-9 has 9 items related to depression that are scored on
a 4-point Likert scale (range 0-3), with a range in scores from
0 to 27. The PHQ-9 has a Cronbach alpha of .89 [13]; in
Swedish trial it was .84. The GAD-7 has 7 items measuring
worry and anxiety that are scored on a 4-point Likert scale
(range 0-3), with a range in scores from 0 to 21. The GAD-7
has a Cronbach alpha of .92 [14]; in the Swedish study it was
.87. The UK trial used the 21-item Depression Anxiety Stress
Scale (DASS-21) [15]. The DASS-21 has 21 items measuring
depression, anxiety, and stress that are scored on 4-point Likert
scale (range 0-3), with a range in scores from 0 to 63. The
DASS-21 has a Cronbach alpha of .88 [16]; in the UK study it
was .91.

Table 1. Key characteristics of the clinical trials. FMPS CM: Frost Multidimensional Perfectionism Scale, Concern over Mistakes subscale; SMS:
short message service text messaging.

UK trialSwedish trialCharacteristic

Self-referralsSelf-referralsRecruitment process

Yes (≥29 on the FMPS CM)NoCutoff criteria for maladaptive perfectionism

NoYes (Mini-International Neuropsychiatric Interview)Telephone interview assessment

Inclusion criteria

Yes (>18 years)Yes (>18 years)Minimum age

AllowedNot allowedConcurrent psychological treatment

AllowedNot allowedChange in pharmacological treatmenta

Allowed (except suicidality)Not allowed (eg, anorexia nervosa)Other more severe conditions

Yes (continuous)Yes (once)Randomization

NoYesConfirmation to commence treatment

Individual starting datesSimultaneous for all participantsStarting date

Yes (weekly but with no specification)Yes (on 2 predetermined weekdays)Guidance from a therapist

Mixed (undergraduate to PhD)Master’s degreeTherapist level

Yes (monthly)Yes (weekly)Therapist supervision

YesNoFeedback checked by supervisor

Egan et al [11]Egan et al [11]bTreatment protocol

12 weeks8 weeksTreatment period

6 months12 monthsFollow-up

EmailTelephone, email, and SMSFollow-up reminders

Yes (£10)cNoMonetary compensation

Yes (project identifier 6222:001)Yes (Dnr 2015/419-31)Ethics approval

Yes [12]NoStudy protocol

Yes (registration no. NCT02756871)NoRegistered at ClinicalTrials.gov

YesYesInformed consent obtained

aAny change 3 months prior to the screening process.
bMinor change in order of modules and greater emphasis on behavioral interventions.
cIf participant completed posttreatment assessment.
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Figure 1. Flow of participants through the study. ICBT: Internet-based cognitive behavioral therapy; MINI: Mini-International Neuropsychiatric
Interview.
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Table 2. Baseline characteristics of the participants at pretreatment assessments. FMPS CM: Frost Multidimensional Perfectionism Scale, Concern
over Mistakes subscale; N/A: not applicable.

95% CIdfχ2Swedish trial (n=78)UK trial (n=62)Baseline characteristic

N/A10.264 (82.1)49 (79.0)Female sex, n (%)

2.6 to -8.7N/AN/A34.22 (9.9)a28.6 (8.3)Age (years), mean (SD)

N/A232.3Marital status, n (%)

23 (29.5)48 (77.4)aSingle

52 (66.7)a14 (22.6)Married/partner

3 (3.8)0 (0.0)Divorced/widowed

N/A117.94 (5.1)20 (27.4)Prior mental health problem (yes), n (%)

N/A122.70 (0)16 (25.8)aPsychological treatment (yes), n (%)

N/A136.55 (6.4)11 (17.7)aPsychotropic medication (yes), n (%)

Primary outcome measures, mean (SD)

1.5 to 5.1N/AN/A33.4 (6.4)36.7 (4.4)aFMPS CM

–4.1 to –1.0N/AN/A38.3 (4.6)a35.7 (4.7)Clinical Perfectionism Questionnaire

aThe clinical trial with significantly higher values on a specific baseline characteristic.

Table 3. Modules and order of presentation in the clinical trials.

UK trialSwedish trialModule

Understanding your perfectionismUnderstanding your perfectionism1

Your own model, values, and motivationYour own model, values, and motivation2

Surveys and experimentsSurveys and experiments3

New ways of thinkingDealing with perfectionistic behaviors4

Dealing with perfectionistic behaviorsNew ways of thinking5

Self-criticism and self-compassionSelf-criticism and self-compassion6

Self-worthSelf-worth7

Maintain and continue positive changeMaintain and continue positive change8

The outcome measures were completed at pre- and posttreatment
and follow-up (12 months for the Swedish trial and 6 months
for the UK trial). The CPQ was also distributed weekly during
the treatment period for the UK trial.

Treatment and Therapists
In both clinical trials, the treatment content was derived from
Egan et al [11], administered as an ICBT with guided self-help.
It consisted of 8 modules, with 1 module delivered weekly,
including psychoeducation, exercises, and homework
assignments related to perfectionism. Each module was
approximately 12 pages, totaling 121 pages. However, there
were some minor differences between the 2 clinical trials in the
order the modules were distributed (see Table 3). In addition,
the Swedish trial put a greater emphasis on behavioral
interventions than did the UK trial. Also, the treatment period
was 8 weeks in the Swedish trial and 12 weeks in the UK trial.
Therapists in the Swedish trial were Master’s degree students
having completed 1.5 years of clinical training, compared with
a mixed set of therapists in the UK trial (undergraduates,
master’s degree students, doctoral candidates in clinical

psychology, and PhDs). In both cases, the therapists provided
the participants with weekly feedback, but while this was done
on predetermined weekdays in the Swedish trial, this was not
the case in the UK trial. The amount of therapist supervision
also differed between the 2 clinical trials: weekly for the
Swedish trial and monthly for the UK trial. Table 1 shows an
overview of the differences. A study protocol for the UK trial
is also available [12].

Statistical Analysis
Given the significant baseline differences between the 2 trials,
as well as the different lengths of follow-up, we did not combine
the data for any analyses. We calculated a priori power for the
2 clinical trials to detect significant differences compared with
the waitlist control at posttreatment, but not for a between-study
difference at follow-up. We explored differences between the
Swedish and the UK trial at baseline, as well as baseline
predictors of completion of the self-report measures at follow-up
(ie, dropouts, regardless of the number of modules they had
completed during the treatment period), by using 2-sided
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independent t tests for continuous variables and chi-square tests
for nominal variables.

We performed intention-to-treat analyses for the main and
secondary outcome measures using multiple imputation to
account for missing values and we conducted completer analyses
using available data. The imputation models used all available
self-report measures to create 10 imputed datasets. We then
used analysis of covariance (ANCOVA) to investigate the
change scores between pretreatment and follow-up, with scores
at baseline as covariates, averaging the parameter estimates for
the 10 analyses. All statistical analyses were done with IBM
SPSS version 24.0.0.1 (IBM Corporation).

Using the results from the ANCOVAs, we calculated
within-group effect sizes for the means of 2 assessments, divided
by the pooled standard deviations. All results are presented with
95% CIs, where applicable, including effect sizes, and discussed
in relation to similar findings in other clinical trials [17]. For
the FMPS CM, we defined recovery as having a score at
follow-up within 1 SD of that of the general population (<29
[18]; ie, a clinically significant change), with a change score
also exceeding the RCI (ie, 1.96 times the standard error of the
instrument [19]). This is assumed to reflect those participants
moving from a dysfunctional to a functional distribution in
terms of perfectionism. Furthermore, we determined
improvement using only the RCI as a cutoff. Also, nonresponse
corresponded to those participants not exceeding the RCI in
any direction, while we calculated reliable deterioration using
the RCI but in a negative direction [20].

All presented results concern the 6- and 12-month follow-ups.
For a review of the outcomes at posttreatment, see Rozental et
al [8] and Shafran et al [9].

Results

Attrition and Adherence
There was no statistical difference between the 2 clinical trials
in attrition, defined as the number of participants who were
randomly assigned but did not complete the assessment at
follow-up. In the Swedish trial, 49 (63%) completed the
follow-up self-report measures, compared with 35 (57%) in the

UK trial (χ2
1=0.6, P=.45). None of the baseline characteristics

were related to attrition in either of the 2 clinical trials. With
regard to adherence, defined as the number of completed
modules during the treatment period, the 2 clinical trials differed
significantly, with a mean difference of 3.14 modules (95% CI
2.31-3.97), demonstrating that the participants in the Swedish
trial completed more modules than those in the UK trial, on
average.

Treatment Results
Table 4 shows the descriptive statistics for the primary and
secondary outcome measures. The ANCOVAs for the
intention-to-treat analyses revealed significant differences
between pretreatment and follow-up for all of the primary and
secondary outcome measures in both clinical trials. Table 5
shows within-group Cohen d effect sizes and their respective
95% CIs.

The completer analyses revealed significant differences for both
clinical trials between pretreatment and follow-up, revealing a
mean difference of 8.98 points (Swedish trial; 95% CI
7.07-10.89) and 10.35 points (UK trial; 95% CI 7.25-13.44) for
the FMPS CM. Results were similar for the CPQ: 8.69 points
(Swedish trial; 95% CI 6.61-10.77) and 11.10 (UK trial; 95%
CI 9.14-13.07). For the secondary outcome measures, the mean
differences in the Swedish trial were 3.57 points for the PHQ-9
(95% CI 2.28-4.86) and 3.22 points for the GAD-7 (95% CI
2.33-4.12). In the UK trial, the mean difference for the DASS
was 8.78 points (95% CI 4.16-13.40).

Table 4. Observed and estimated scores for each primary outcome measure, by clinical trial, intention-to-treat analysis, and completer analysis. FMPS:
Frost Multidimensional Perfectionism Scale, Concern over Mistakes subscale.

Completer analysisIntention-to-treat analysisMeasure and condition

Follow-upPretreatmentFollow-upPretreatment

nMean (SD)nMean (SD)nMean (SD)nMean (SD)

Swedish triala

4923.61 (7.60)7833.42 (6.44)7825.14 (7.23)7833.42 (6.44)FMPS CM

4929.51 (6.70)7838.26 (4.63)7829.63 (8.00)7838.26 (4.63)Clinical Perfectionism Questionnaire

495.47 (4.77)789.59 (5.63)786.45 (4.73)789.59 (5.63)9-item Patient Health Questionnaire

493.84 (3.41)787.83 (4.85)784.95 (3.72)787.83 (4.85)7-item Generalized Anxiety Disorder scale

UK trialb

2925.52 (8.07)6236.71 (4.42)6228.83 (7.80)6236.71 (4.42)FMPS CM

2924.55 (5.25)6235.69 (4.73)6227.25 (6.44)6235.69 (4.73)Clinical Perfectionism Questionnaire

2715.93 (12.52)6226.31 (12.82)6219.89 (13.11)6226.31 (12.82)21-item Depression Anxiety Stress Scale

a12-month follow-up.
b6-month follow-up.
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Table 5. Within-group effect sizes, Cohen d (95% CI). FMPS: Frost Multidimensional Perfectionism Scale, Concern over Mistakes subscale.

Completer analysisIntention-to-treat analysisMeasure and condition

Cohen d (95% CI)Cohen d (95% CI)

Swedish trial

1.42 (1.01-1.81)1.21 (0.86-1.54)FMPS CM

1.59 (1.17-1.98)1.32 (0.97-1.66)Clinical Perfectionism Questionnaire

0.77 (0.40-1.14)0.60 (0.28-0.92)9-item Patient Health Questionnaire

0.92 (0.54-1.29)0.67 (0.34-0.99)7-item Generalized Anxiety Disorder scale

UK trial

1.92 (1.38-2.43)1.24 (0.85-1.62)FMPS CM

2.27 (1.70-2.80)1.49 (1.09-1.88)Clinical Perfectionism Questionnaire

0.82 (0.34-1.28)0.50 (0.13-0.85)21-item Depression Anxiety Stress Scale

Improvement and Deterioration
Recovery on the FMPS CM was defined as those participants
having a score at follow-up within 1 SD of the general
population (<29; ie, clinically significant change) and exceeding
the RCI. According to this definition, 29/49 (59%) participants
in the Swedish trial and 15/35 (43%) in the UK trial met the
criteria for recovery at follow-up. Improvement—that is, having
a change score beyond the RCI at follow-up—was achieved by
31/49 (63%) in the Swedish trial and 18/35 (51%) in the UK
trial. Meanwhile, 17/49 (35%) in the Swedish trial and 11/35
(31%) in the UK trial did not respond. In none of these cases
was there a significant difference between the 2 clinical trials:

χ2
2 range 3.09 to 3.99, P value range .14 to .21. Only 1/84 (1%)

participant deteriorated.

Discussion

Principal Findings
This study evaluated the long-term benefits of ICBT with guided
self-help for perfectionism, indicating that the results at
follow-up were similar to and possibly even somewhat improved
from posttreatment. This suggests that ICBT with guidance
from a therapist could help individuals manage and overcome
their perfectionism in the long term. Compared with the findings
of Lloyd et al [4], in this study the within-group effect sizes for
perfectionism are similar, although that systematic review and
meta-analysis included data only from pre- and posttreatment
and not from follow-up. This is also true for depression and
anxiety, with average Hedges g effect sizes being 0.64 (95%
CI 0.35-0.92) and 0.52 (95% CI 0.23-0.81), respectively. In
other words, the findings from our study are in line with
previous research, suggesting that some long-term benefits can
be achieved for anxiety, depression, and stress as well. Given
that we could not combine the outcomes from the 2 clinical
trials due to the differences in several key characteristics, most
notably not implementing the same follow-up period, the result
s should be interpreted with caution. Nevertheless, the results
from this study are comparable with those of Egan et al [7] at
6-month follow-up, although, in that study, unguided self-help
yielded much lower effects than face-to-face CBT. Therefore,
the use of guided self-help when providing ICBT for

perfectionism might be assumed to be better than unguided
self-help for outcome. This idea was supported by a study on
the differences between various levels of guidance by a therapist
in ICBT for patients with depression [21] and, similarly, by a
systematic review and meta-analysis of self-guided interventions
for obsessive-compulsive disorder [22], indicating that more
support yields larger effects overall. However, Titov et al [23]
did not find such a difference in outcome, arguing that carefully
controlled ICBT without any support can be just as beneficial.
More research on the importance of guidance in relation to the
treatment of perfectionism with ICBT is thus warranted,
including an investigation of its influence on adherence.

The rates of recovery at follow-up, that is, those participants
meeting the criteria of moving from a dysfunctional to a
functional distribution in terms of perfectionism (clinically
significant change and exceeding the RCI) were 59% (FMPS
CM) in the Swedish trial and 43% (FMPS CM) in the UK trial.
This can be compared with the results of Egan et al [7] of 67%
for face-to-face CBT and 40% for unguided self-help. However,
given that, to our knowledge, no other clinical trial has
investigated recovery at follow-up, these numbers should be
interpreted cautiously and warrant replication. Furthermore,
given the high rate of attrition in this study, the estimates of
recovery might be unreliable because we derived them from
those participants completing the follow-up assessment, possibly
inflating the actual rates. In addition, it is unclear whether the
cutoff for determining clinically significant change (<29 on the
FMPS CM [18]) is sensitive enough to accurately differentiate
those belonging to a clinical population from those belonging
to a nonclinical population. In this sense, recovery in this study
should primarily be regarded as reaching a statistical criterion,
in line with the recommendations by Jacobson and Truax [24],
rather than true recovery in terms of no longer fulfilling the
criteria for a psychiatric disorder. Whether participants are in
fact recovered from perfectionism is, however, an issue that
requires both more empirical data and a better conceptual idea
of where the dysfunctional and functional distributions meet.
Nevertheless, the recovery rates indicate that ICBT works well
and does have an impact on perfectionism that should be
clinically relevant.
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Study Limitations
This study makes an important contribution to the research on
the treatment of perfectionism, as it is one of few studies that
included follow-up data and the only one to date, to our
knowledge, with follow-up at 12 months. There are, however,
also limitations that need to be addressed. First, issues related
to the design limit the conclusions that can be made. The 2
clinical trials differed on some key characteristics, including
different length of the treatment period (8 vs 12 weeks), therapist
experience, therapist supervision, and, especially, the timing of
the follow-up assessment. This was primarily due to different
conventions and logistical issues among the researchers
involved, meaning that the samples could not be combined and
thus limit power. Nevertheless, given the many similarities
between them in terms of treatment content and delivery, the
findings are arguably relevant to present together. Additionally,
there was no comparison group. However, replicating this study
is warranted, possibly by recruiting a larger and more
heterogeneous sample in the context of a randomized controlled
trial.

Second, attrition was high in both clinical trials, with only 63%
(Swedish trial) and 57% (UK trial) completing the self-report
measures at 6- and 12-month follow-up, respectively, potentially
affecting the conclusions that can be drawn. This can be
compared with a study on ICBT for procrastination [25], which
had 32% attrition at 12-month follow-up, suggesting that our
clinical trials both had higher rates of dropouts. In addition, an
individual patient data meta-analysis of 10 studies on ICBT for
depression indicated that 40% dropped out before completing
one-fourth of the modules [26]. Multiple imputation was used
to account for missing values, given the indication that data
were missing at random. In our study, none of the baseline
characteristics were associated with attrition, but this does not
preclude other variables that we did not explore from being
related to completing the self-report measures at follow-up.
Preventing attrition is thus important, and future research should
try to implement ways of improving these rates, perhaps by
adding more support or the use of tailored modules [27].
Additional issues related to the different attrition rates in the 2
clinical trials have also been addressed by Shafran et al [9], such
as not explicitly asking the participants to confirm their
participation and the absence of a telephone interview
assessment in the UK trial, aspects that may have to be
addressed to a greater extent in future studies.

Third, perfectionism is not a psychiatric disorder in itself [1].
This complicates the issue of assessing eligibility to participate

in a clinical trial, but also of determining whether it is a
condition that actually requires a stand-alone treatment like the
one provided. However, given the close connection with eating
disorders, depression, and anxiety disorders [3], it is reasonable
to assume that elevated perfectionism is a common denominator
for many psychiatric disorders. Hence, interventions targeting
its mechanisms should be beneficial for many individuals by
providing a more transdiagnostic approach. This is supported
by the finding that benefits can be observed on many different
outcomes in clinical trials of perfectionism, such as depression
[7-9]. Still, more research needs to be done to investigate
whether a transdiagnostic approach adds something to a
disorder-specific treatment, for instance comparing their efficacy
in a head-to-head comparison for a particular psychiatric
disorder.

Fourth, the participants in this study were all self-referred, and
although they scored high on perfectionism at pretreatment,
they may not be representative of individuals with this problem
in general. Arnberg et al [28] stressed that most individuals
receiving help via ICBT have a high educational level and are
more likely to be women and of a particular socioeconomic
group, possibly limiting the generalizability of the results.
However, Titov et al [29] compared the baseline characteristics
of individuals receiving ICBT with both those receiving CBT
at an outpatient clinic and those taking an epidemiological
survey, noting that the differences were small and not
necessarily important. In comparison with the general
population, those receiving treatment, regardless of format, had
higher severity levels overall, but ICBT and CBT did not differ
from each other. Also, with the only exceptions of age, sex, and
marital status, such aspects as educational level and employment
status were not different between ICBT and CBT treatment
groups, suggesting that there may not be anything specific to
receiving treatment via the internet with regard to those who
seek help in general. Further research should nonetheless be
performed on recruitment and diversity, preferably by limiting
the number of inclusion and exclusion criteria and by reaching
out to a more heterogeneous sample.

Conclusion
We examined the long-term benefits of ICBT with guided
self-help for perfectionism, depression, and anxiety. The results
at follow-up were comparable with posttreatment assessment,
obtaining medium to large within-group effect sizes. The results
from these 2 different cases of ICBT with guided self-help are
thus promising but warrant replication using a larger and more
heterogeneous sample.
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Abstract

Background: Depression and anxiety disorders are significant contributors to burden of disease in young people, highlighting
the need to focus preventive efforts early in life. Despite substantial evidence for the role of parents in the prevention of adolescent
depression and anxiety disorders, there remains a need for translation of this evidence into preventive parenting interventions.
To address this gap, we developed a single-session, Web-based, tailored psychoeducation intervention that aims to improve
parenting practices known to influence the development of adolescent depression and anxiety disorders.

Objective: The aim of this study was to evaluate the short-term effects of the intervention on parenting risk and protective
factors and symptoms of depression and anxiety in adolescent participants.

Methods: We conducted a single-blind, parallel group, superiority randomized controlled trial comparing the intervention with
a 3-month waitlist control. The intervention is fully automated and consists of two components: (1) completion of an online
self-assessment of current parenting practices against evidence-based parenting recommendations for the prevention of adolescent
depression and anxiety disorders and (2) an individually tailored feedback report highlighting each parent’s strengths and areas
for improvement based on responses to the self-assessment. A community sample of 349 parents, together with 327 adolescents
(aged 12-15 years), were randomized to either the intervention or waitlist control condition. Parents and adolescents completed
online self-reported assessments of parenting and adolescent symptoms of depression and anxiety at baseline, 1-month (parent-report
of parenting only), and 3-month follow-up.

Results: Compared with controls, intervention group parents showed significantly greater improvement in parenting risk and
protective factors from baseline to 1-month and 3-month follow-up (F2,331.22=16.36, P<.001), with a small to medium effect size
at 3-month follow-up (d=0.33). There were no significant effects of the intervention on adolescent-report of parenting or symptoms
of depression or anxiety in the adolescents (all P>.05).

Conclusions: Findings suggest that a single-session, individually tailored, Web-based parenting intervention can improve
parenting factors that are known to influence the development of depression and anxiety in adolescents. However, our results do
not support the effectiveness of the intervention in improving adolescent depression or anxiety symptoms in the short-term.
Long-term studies are required to adequately assess the relationship between improving parenting factors and adolescent depression
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and anxiety outcomes. Nonetheless, this is a promising avenue for the translation of research into a low-cost, sustainable, universal
prevention approach.

Trial Registration: Australian New Zealand Clinical Trials Registry: ACTRN12615000247572;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12615000247572 (Archived by WebCite at
http://www.webcitation.org/6v1ha19XG)

(J Med Internet Res 2018;20(4):e148)   doi:10.2196/jmir.9499
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adolescent; mental health; depression, anxiety, parenting; family; preventive health services; Internet

Introduction

Background
Depression and anxiety disorders are among the leading
contributors to global burden of disease [1]. Importantly, these
disorders have peak onset early in life, accounting for the
greatest proportion of disability in young people (aged 12-24
years [2-4]). Early onset of these disorders is associated with
deleterious sequelae across the lifespan, leading to substantial
cost at individual, social, and economic levels [4,5]. Preventive
efforts targeting these disorders early in life are therefore a
global priority [4]. Given that the onset of these disorders peaks
during adolescence, this is an ideal period to target such
preventive efforts [4].

Due to their frequent comorbidity, overlap of symptoms, and
shared aetiological factors, depression and anxiety disorders
are often grouped under an internalizing cluster [6-8].
Transdiagnostic approaches to prevention may therefore enhance
the efficacy and cost-effectiveness of preventive programs
[6,8,9]. In particular, a growing body of evidence highlights the
important role of families in the prevention of internalizing
problems in children and adolescents. Many risk factors for
depression and anxiety involve the family environment (eg,
interparental conflict and family connectedness [9-11]) or
parenting (eg, parental warmth, aversiveness, and
over-involvement [9,12-14]). Other factors can be detected and
responded to by parents (eg, negative affectivity, coping style,
behavioral inhibition, and excessive reassurance seeking
[8,15-17]), or are directly influenced or modeled by parents (eg,
parental response to child emotions and modeling or
reinforcement of anxious behaviours [18-21]). As these factors
are potentially within parents’ control, they are amenable to
preventive intervention. Furthermore, parents are a strategic
target for preventive approaches for several reasons: most
adolescents live with their parents, increasing proximity and
exposure to preventive strategies; parents are intrinsically
motivated to take actions to promote their child’s health [21];
and parents may have the foresight to appreciate the value of
prevention [21]. Given these factors, it is unsurprising that the
role of family and parenting in the promotion of youth mental
health has been recognized as a key research translation priority
[4,14,22,23].

Promisingly, existing research demonstrates that depression
and anxiety disorders in children and adolescents can be
prevented. A number of recent systematic reviews and
meta-analyses support the efficacy of existing preventive

programs (eg, [23,24-28]). Most of these programs are delivered
directly to the child (eg, through schools), often utilizing a
cognitive behavioral approach and delivered face-to-face by
trained professionals (eg, [25,26-28]). In programs that do
include a parent component, this often involves teaching parents
how to understand and implement the content that is delivered
to the child, rather than targeting specific parenting factors.
Some exceptions to this include programs that target family
conflict, parental over-involvement, or parent-child relationship
as part of broader cognitive behavioral or psychoeducational
prevention programs for parents of children at risk of anxiety
or depression [29-34]. One program that aims to improve parent
emotion socialization practices has also shown improvements
in family conflict and internalizing symptoms in adolescents
[35,36].

Additionally, a recent meta-analysis of preventive parenting
interventions (ie, where the parent received >50% of the
intervention) for internalizing symptoms in children and
adolescents (aged 0-18 years) found lasting preventive effects
from 6 months to 11 years postintervention [37]. Notably, of
the 51 studies included in the review, only 3 targeted parents
of adolescents. Thus, in comparison with programs for parents
of younger children, there is a lack of preventive parenting
interventions for internalizing disorders in adolescents. Although
the amount of variance explained by individual parenting or
family factors is small [9,38-40], targeting multiple factors in
one intervention may result in larger effect sizes. Furthermore,
preventive parenting programs could be used alongside existing
preventive interventions (eg, school-based programs delivered
to the child), thereby increasing the number of risk and
protective factors targeted for each child or family.

Existing parenting interventions face many challenges in
engaging parents because of barriers such as time and scheduling
constraints, geographical distance, childcare provision, and
financial cost [41-43]. In addition, mental health interventions
are often associated with added concerns about privacy, the
perception of being a “bad” parent, and stigma [44-46]. Online
delivery is one potential strategy to overcome some of these
barriers. Web-based programs reduce geographic and time
constraint barriers, can be accessed privately and anonymously,
and can be disseminated widely at low cost. Furthermore,
research shows that parents are already seeking information
about both parenting and mental health online [47-50]; therefore,
this is an ideal space for delivery of preventive parenting
programs. Moreover, there is evidence for the efficacy of online
interventions for the treatment (eg, [51,52]) and prevention (eg,
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[53,54]) of depression and anxiety, as well as the delivery of
parenting programs (eg, [31,55-57]).

The Partners in Parenting Intervention
To address some of the gaps discussed above, our team recently
developed the Partners in Parenting (PiP) intervention—a
Web-based, multi-level public health approach that aims to
support parents in prevention and early intervention for
adolescent depression and anxiety disorders (see [58] for further
details). The PiP intervention comprises three components: (1)
a parenting self-assessment that assesses current parenting
practices against evidence-based parenting recommendations
for the prevention of adolescent depression and anxiety [59];
(2) an individually tailored feedback report based on each
parent’s responses to the self-assessment, highlighting parenting
strengths and areas for improvement; and (3) a set of interactive
modules to support parents in applying the parenting
recommendations. The development of PiP was guided by the
persuasive systems design (PSD) model that aims to use
technology to promote behavior change through principles such
as tailoring, personalization, and suggestion [60]. The content
of all components of PiP is based on the evidence-based
parenting guidelines How to Prevent Depression and Clinical
Anxiety in Your Teenager: Strategies for Parents (referred to
henceforth as the Guidelines [61]). The Guidelines represent
the synthesis of high-quality research evidence and international
expert consensus. They were developed via a systematic review
and meta-analysis of parenting risk and protective factors for
adolescent depression and anxiety, published by researchers
internationally [9], followed by a Delphi international expert
consensus study of parenting strategies important for the
prevention of depression and anxiety in adolescents [21]. The
core content of the Guidelines (and subsequently PiP) should
therefore be applicable to an international audience. However,
as we initially developed PiP to trial with an Australian
population, some aspects of the language and examples provided
may need to be adapted for use in other English-speaking
countries (eg, specific terms, types of health professionals, and
links to additional local resources).

Preventive interventions can be universal (ie, delivered to all
individuals regardless of level of risk), selective (ie, targeting
individuals with known risk factors), or indicated (ie, targeting
individuals showing signs or symptoms [62]). The PiP
multi-level intervention is designed to support parents across
the prevention continuum [58]. The first two components
(parenting self-assessment and personalized feedback report)
can serve as a stand-alone single-session intervention, which is
most appropriate as a universal prevention approach [58]. This
is likely to be an acceptable level of intervention for parents
who are motivated, educated, and whose child does not have
existing mental health problems [58]. The brevity of the
single-session intervention may be particularly appealing to
parents who are not willing or able to commit to the more
intensive program (ie, series of interactive modules). As well
as the Web programming ensuring intervention fidelity, the
single-session intervention increases the likelihood of users
achieving 100% adherence compared with interventions that
require participants to return for multiple sessions. This is a
notable advantage over many existing online interventions where

adherence is often low [63,64]. Within PiP, parents can “step
up” to the next level of intervention (interactive modules) based
on need (ie, selective or indicated prevention) or parent
preference (ie, parents who do not find a single-session
intervention sufficient). The single-session intervention is also
designed to serve as a prompt for parents to seek further
assistance if required (eg, mental health support for themselves
or their child or the PiP interactive modules).

Evaluation of the full PiP intervention is currently underway.
Three-month postintervention results demonstrate that PiP can
improve parenting risk and protective factors compared with
an active control condition [65]. This paper evaluates the
effectiveness of the single-session component of PiP as a
stand-alone intervention. This is important given the proposed
multi-level model (ie, some parents will only complete the
single-session component), as well as the high attrition rates
typically observed in online intervention trials (eg, [63,66,67]).
As this is a preliminary trial of the newly developed intervention,
and to align with a concurrent randomized controlled trial (RCT)
of the full PiP intervention, this paper only examines the
short-term (3-month) effects of the intervention. To our
knowledge, the intervention evaluated in this paper is the first
single-session, Web-based, tailored psychoeducation
intervention targeting the wide range of parenting risk and
protective factors for the development of depression and anxiety
in adolescents.

Study Aims and Hypotheses
The primary aim of this study was to evaluate the short-term
effect of the intervention on evidence-based parenting risk and
protective factors for adolescent depression and anxiety
disorders, as assessed by parent-reported concordance with the
Guidelines. The secondary aims of the study were to examine
the effects of the intervention on parent and child reported
symptoms of depression and anxiety in adolescent participants
and adolescent report of parenting. To do this, we conducted
an RCT comparing the intervention with a waitlist control
condition. We hypothesized that compared with waitlist controls,
intervention group parents would show a greater increase in
concordance with the Guidelines from baseline to
postintervention and follow-up. We also predicted a greater
reduction in symptoms of adolescent depression and anxiety in
the intervention compared with the control group.

Methods

Study Design and Participants
The trial was a single-blind, parallel-group, superiority RCT
with two conditions: intervention and 3-month waitlist control.
Assessments took place at baseline (pre-intervention), 1-month
postintervention, and 3-month follow-up, with data collection
from April 2015 to November 2016. Participants were parents
or primary caregivers of at least one adolescent aged 12 to 15
years, who resided in Australia, had regular Internet access, and
had an email account. Computer and Internet literacy was
implicit in the eligibility criteria and registration process. Only
one parent and one adolescent from each family was allowed
to participate. No other exclusion criteria were specified. Parents
were able to participate if their adolescent declined participation;
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therefore, not all parent participants had an associated adolescent
participant. Recruitment was primarily via secondary schools
across Australia, as well as online networks and social media.
Schools were requested to distribute recruitment materials (flyers
and participant explanatory statements) via their usual methods
of communication with parents. This predominantly involved
school newsletters (electronic and hard copy), online parent
portals, and email communication. Hard copy flyers were also
made available (eg, at parent information evenings). Other
recruitment methods included an email to the mailing list of
Mental Health First Aid Australia, a social media (Facebook
and twitter) post by beyondblue (the Australian national
depression and anxiety initiative), and an advertisement in an
Australian parenting magazine (Exploring Teens, electronic and
hard copy versions). A power analysis (conducted using
Stata-based software [68]) indicated a required sample size of
294 parents and adolescents to detect a small effect size (Cohen
d=0.20) with power of .80 and alpha of .05 for the primary
outcome. To allow for approximately 15% attrition, we aimed
to recruit 340 parents and adolescents. Our final sample
comprised 349 parents together with 327 adolescents at
randomization. The trial was approved by the Monash University
Human Research Ethics Committee (approval number
CF14/3886-2014002023) and prospectively registered with the
Australian and New Zealand Clinical Trials Registry
(registration number ACTRN12615000247572).

Intervention
As discussed, the single-session intervention evaluated in this
paper is the first component of the multi-level PiP program [58].
The intervention provides individually tailored psychoeducation
to each parent. Parents first complete an online parenting scale
that assesses their current parenting practices and beliefs against
the recommendations in the Guidelines (the Parenting to Reduce
Adolescent Depression and Anxiety Scale, PRADAS [59]). On
the basis of their responses to the PRADAS, each parent receives
an individually tailored feedback report highlighting parenting
strengths and areas for improvement. The feedback report covers
the nine domains of parenting in the Guidelines (see Table 1)
and recommends specific actions parents could take to improve
their concordance with the Guidelines (see Multimedia
Appendix 1 for screenshots of the intervention). Feedback
messages are designed to be brief, and links are provided for
parents to seek further information if they wish. The intervention
is fully automated and designed to tailor the content of the
Guidelines for each parent, according to principles of the PSD
model [56]. For example, feedback messages suggest specific
actionable strategies that parents could implement (suggestion
and tuneling principles), the content of the Guidelines is reduced
to a shorter feedback report covering the areas deemed most
relevant to each parent (reduction principle), feedback messages
are tailored to each parent to increase relevance of the
recommendations (tailoring principle), each feedback section
includes praise for areas of strength (praise principle), and both
the PRADAS and feedback report are personalized with the
adolescent’s name and gender (personalization principle).

The development of the intervention included consultation with
a reference group of parents of adolescents to ensure
acceptability to target end users. This involved conducting three

2-hour workshops in which 22 parents of adolescents aged 11
to 18 years (19 mothers, 3 fathers; n=7-8 per workshop) were
shown a draft of the PRADAS and feedback messages. Parents
completed the PRADAS for themselves and read sample
feedback reports before participating in facilitated discussion
regarding ways to improve the intervention. Feedback from
parents was incorporated into the final version of the
intervention. This included changes to the language used,
content of the feedback report, additional practical strategies or
ideas on how to implement these, and the addition of a section
at the beginning of the feedback report suggesting how parents
may wish to work through the information provided.

Measures

Primary Outcome Measure: The Parenting to Reduce
Adolescent Depression and Anxiety Scale
The PRADAS is a self-report, criterion-referenced measure of
parental concordance with the Guidelines [59]. The scale
comprises a total of 73 items across eight subscales (parent-child
relationship, involvement, family rules, home environment,
health habits, dealing with problems, coping with anxiety, and
professional help-seeking). One of the original nine subscales
(relationships with others) was removed from the final version
of the PRADAS because of its unsatisfactory psychometric
properties. Most items assess specific recommendations in the
Guidelines scored on a Likert-type frequency scale (never,
rarely, sometimes, and often). Being a criterion-referenced
measure, each item has a cut-off score for mastery, with items
scored as either concordant (1) or nonconcordant (0) with the
Guidelines. Items can be summed to form eight subscale scores
and a total score, ranging from 0 to 73 (higher scores indicate
greater concordance with the Guidelines). The total score has
demonstrated high reliability, as measured by the agreement
coefficient (.97), and acceptable one-month test-retest reliability
(.78). It has also shown convergent validity with two other
parenting measures and a small association with adolescent
depression and anxiety symptoms [59]. We utilized the total
score as it has the strongest psychometric properties. Reliability
was high in our sample (agreement coefficient .97).

Secondary Outcome Measures

Parenting to Reduce Adolescent Depression and Anxiety
Scale-Adolescent Report

The PRADAS-Adolescent report (PRADAS-A) was developed
by our team to assess the adolescent’s perspective on the
parenting factors assessed by the PRADAS. The original
PRADAS items were reworded to reflect the adolescent’s
perspective at a developmentally appropriate level. Items not
applicable to the adolescent (eg, parental knowledge, attitudes,
beliefs, or hypothetical questions) were not included. The
PRADAS-A comprises 43 items across the same eight subscales
as the PRADAS. As with the PRADAS, one original subscale
(relationships with others) was removed from the final version
of the scale. Response options and scoring are similar to the
PRADAS; most items are on a Likert-type frequency scale
(never, rarely, sometimes, and often) and are scored as either
concordant (1) or nonconcordant (0) with the Guidelines. Higher
scores indicate greater concordance with the Guidelines.
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Reliability has been shown to be high for the total score
(agreement coefficient=.81) in a community sample of 670

adolescents aged 12 to 15 years [69].

Table 1. Parenting domains covered in the intervention, corresponding Guidelines topics, parenting risk or protective factors addressed, and example
parenting recommendations.

Example recommended parenting strategyRisk or protective factors
covered

Guidelines topicIntervention domain

Making time each day to ask [Child] about [his/her] day
and what [he/she] has been doing, regardless of [his/her]
response.

Parental warmth, aversive-
ness, affection, emotional
availability

Establish and maintain a
good relationship with your
teenager

Your relationship with

[Child]a

Gradually increasing [Child]’s responsibilities and indepen-
dence over time to allow [him/her] to mature.

Parental over-involvement,
autonomy granting, monitor-
ing

Be involved and support in-
creasing autonomy

Your involvement in
[Child]’s life

Take some time to talk through any social problems [Child]
may have.

Parental encouragement of
sociability

Encourage supportive rela-
tionships

[Child]’s relationships with
others

Noticing when [Child] behaves well, and rewarding
[him/her] with positive consequences (eg, praise or privi-
leges).

Consistency of disciplineEstablish family rules and
consequences

Your family rules

Try not to argue with your partner if [Child] can hear.
Frequent and intense conflict between parents increases a
teenager’s risk of depression and clinical anxiety.

Interparental conflict, par-
ent-child conflict manage-
ment, criticism, parental
modeling of conflict manage-
ment

Minimize conflict in the
home

Your home environment

Set an example for [Child] by having good health habits
(ie, healthy diet, regular exercise, and responsible use of
alcohol) yourself.

Diet, physical activity, sleep
hygiene (7 items); respond-
ing to alcohol or drug use (5
items)

Encourage good health
habits

Health habits

When talking with [Child] about problems that [he/she]
has dealt with, recognize and praise [his/her] problem-
solving efforts (ie, what [he/she] did well when trying to
solve the problem) rather than focusing on the outcome
[he/she] achieved.

Problem solving, emotion
regulation, stress manage-
ment, modeling of problem
solving approaches

Help your teenager to deal
with problems

Dealing with problems in
[Child]’s life

Try not to step in to help [Child] at the first sign of any
stress or anxiety, as the way you respond to [Child]’s anx-
iety may unintentionally increase [his/her] anxiety. Instead,
let [him/her] try to manage the situation [himself/herself]
and provide help if [he/she] asks you to or if the anxiety
persists.

Anxiety management
(avoidance, exposure),
modeling of anxiety, man-
agement strategies

Help your teenager to deal
with anxiety

Coping with anxiety

If you do notice a persistent change in [Child]’s mood or
behavior: try to determine whether the change in mood or
behavior is caused by a temporary situation or a more on-
going problem.

Professional help-seeking
knowledge and behaviors
(parent and child)

Encourage professional
help-seeking when needed

Getting help with needed

aSquare brackets denote personalization with the adolescent’s name and gender.

The scale also has good 3-month test-retest reliability (.81) and
moderate correlations with child-report symptom measures of
depression and anxiety (r=.45 and .31, respectively [69]). The
correlation between the PRADAS and PRADAS-A in the
community sample was significant but small (r=.25; [69]). In
the current sample, reliability of the total score was high
(agreement coefficient=.81), and test-retest reliability (waitlist
control group, baseline to 3 months) was good (.81). The
correlation between PRADAS and PRADAS-A at baseline was
.25 (P<.001).

Spence Children’s Anxiety Scale

The Spence Children’s Anxiety Scale (SCAS) is a widely used
child- and parent-report measure of child anxiety [70,71]. The
SCAS-Child report (SCAS-C) comprises 45 items, including
six nonscored filler items, whereas the SCAS-Parent report

(SCAS-P) has a total of 39 items. Items examine the degree to
which the child experiences specific anxiety symptoms on a
4-point frequency scale (never, sometimes, often, and always).
Items are scored from 0 (never) to 3 (always) and can be
summed to form six subscale scores and a total anxiety score
(ranging from 0-114, with higher scores indicating greater
anxiety symptomology). We utilized the total anxiety score,
which had high reliability in our sample, as measured by
coefficient omega (a less biased reliability index than Cronbach
alpha [72,73]; SCAS-C: omega=95; SCAS-P: omega=.93). The
correlation between baseline SCAS-C and SCAS-P total scores
in the current sample was .44 (P<.001).

Short Mood and Feelings Questionnaire

The Short Mood and Feelings Questionnaire (SMFQ) is a
Child-report (SMFQ-C) and Parent-report (SMFQ-P) measure
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of depressive symptoms in children and adolescents [74]. The
13 items assess frequency of depressive symptoms in the
previous 2 weeks on a 3-point scale of not true (0), sometimes
true (1), or true (2). Items are summed to form a total score
(ranging from 0-26, with higher scores indicating higher
symptom levels). Reliability was high in our sample (omega=.92
for SMFQ-C and .91 for SMFQ-P). The correlation between
baseline SMFQ-C and SMFQ-P scores was .47 (P<.001).

Process Evaluation: Parent Use and Satisfaction With
the Intervention
Parents in both groups were asked five questions immediately
postintervention (ie, after receiving their feedback at baseline
or 3-month follow-up for the intervention and control groups,
respectively). The questions were scored on Likert-type scales
(see Multimedia Appendix 2) and assessed: (1) how much of
the feedback was read, (2) satisfaction with the feedback, (3)
perceived usefulness of the feedback, (4) intention to change
based on the feedback provided, and (5) confidence in ability
to implement the recommended changes. Additionally, at
1-month and 3-month follow-up, parents were asked whether
they had attempted to make changes to their parenting since the
previous assessment and their perceived success in making these
changes. Parents were also asked if they had accessed any
additional parenting resources or sought professional help for
their own or their child’s mental health since the last assessment.

Procedure

Registration and Consent
Parents self-selected by responding to advertisements and
registering themselves and their adolescent via the publicly
accessible trial website. Parents created an account with their
email address and self-selected password and were required to
verify their account via an account activation link sent to their
email. Parents provided online consent and contact details for
the adolescent; however, they were informed that they could
still participate if their adolescent declined. Adolescents were
then contacted by phone to explain the study requirements and
obtain verbal assent. Adolescents were informed that their
decision to participate or not would not affect their parent’s
participation. Multimedia Appendices 3-5 present the participant
informed consent information.

Baseline Assessments
All assessments were completed online via a dedicated trial
website, and participants were required to log in with their
username and password. Adolescents were guided through
completion of their baseline assessment over the phone, with
assistance provided by a member of the research team as
necessary. The adolescent baseline assessment included the
PRADAS-A, the SCAS-C, and the SMFQ-C. Adolescents were
reimbursed with a $10 AUD e-voucher for completion of the
assessment. Submission of the adolescent baseline assessment
triggered an automated email sent to parent participants
containing the link to their baseline assessment, which included
the PRADAS, the SCAS-P, and the SMFQ-P. In cases where
the adolescent did not participate, the research team cancelled
the adolescent assessment, which triggered the automated email
to be sent to the parent participant.

Randomization and Blinding
Upon completion of the parent baseline assessment, parents
were randomly allocated to the intervention or control group
via a computer-generated unblocked, unstratified randomization
procedure on a 1:1 ratio. Parents were not blinded to their
allocation. As assessments were conducted entirely online,
assessor was not relevant. Researchers who phoned adolescent
participants were blinded to allocation.

Intervention
Immediately following completion of the baseline assessment,
intervention group parents were shown their individually tailored
feedback on screen. They were also emailed the feedback report
and a copy of the Guidelines in PDF format. Parents in the
waitlist control group were informed via a website message that
they would receive the intervention in 3 months’ time.

Follow-Up Assessments
Follow-up assessments were conducted with parents at 1-month
postintervention and with both parents and adolescents at
3-months postintervention. Parents were sent an email
containing the link to their online assessment, and adolescents
were contacted via phone to guide them through completion of
the assessment. For all assessments, parents who had not
completed their assessment received reminder emails 7 and 14
days following the initial invitation and a phone call or text
message 21 days after initial invitation.

One-Month (Postintervention) Follow-Up

Thirty days after baseline, parents were sent the invitation to
complete their postintervention assessment that included the
PRADAS to assess for changes in parenting. One month was
chosen to allow sufficient time to read the feedback and attempt
to implement the recommended changes. Mean duration to
follow-up was 41.47 days (SD 10.76).

Three-Month Follow-Up

At 3-month follow-up, both parents and adolescents completed
their respective versions of the PRADAS, SCAS, and SMFQ.
Parents in the waitlist control group received their individually
tailored feedback report and a copy of the Guidelines
immediately following submission of their 3-month follow-up
assessment. Parents and adolescents were reimbursed with a
$10 AUD e-voucher each on completion of the assessment.
Mean duration to follow-up was 102.74 days (SD 16.51) for
parents and 96.14 days (SD 13.81) for adolescents.

Symptom Elevation Procedure
At baseline and 3-month follow-up (ie, when the SCAS and
SMFQ were administered), participants who reported elevated
adolescent symptoms on the SCAS and/or SMFQ were
contacted. For the SCAS, elevated symptom status was defined
as ≥1.5 SDs above the mean based on published Australian
community sample norms [75]. As there are no published norms
or consistent cut-off scores for the SMFQ, we considered a score
of ≥8 on the SMFQ-C or SMFQ-P as elevated (based on the
original SMFQ-C cut-off suggested by the developing authors
[74]). In cases where both the child and parent reported elevation
on either or both scales, parents were notified via email and
encouraged to seek professional assistance for the adolescent
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as appropriate (n=38 at baseline, no significant differences
between groups). All participants were provided with a list of
websites and potential referral sources at baseline, and
participants who reported elevated symptoms were encouraged
to consult this. In cases where the child reported extreme
elevation on the SMFQ (score > 20), a graduate clinical
psychology student also phoned the adolescent to conduct a risk
assessment and provide referral information as required (n=29
at baseline, no significant differences between groups).

Statistical Analysis
Missing data rates were low (<1%) at both the item and
participant level for all measures. Item-level missing data were
replaced with subscale mean imputation for cases with less than
20% missing on a given measure. This is considered an
acceptable approach for this amount of missing data [76]. Cases
with greater than 20% missing on a measure were considered
missing entirely from the analyses.

All analyses were conducted with an a priori type I error rate
of .05. Independent samples t tests (for continuous variables)
and chi-square tests (for categorical variables) were conducted
to examine differences between completers and non-completers
on outcome measures and participant characteristics. We also
assessed for differences between complete parent-adolescent
dyads and parents who participated alone.

Primary and secondary outcomes were analyzed with Mixed
effect Model Repeated Measures (MMRM) analyses using the
MIXED procedure of SPSS version 23 (IBM Corp) with an
unstructured covariance matrix. MMRM is consistent with
intention-to-treat principles, using all available data from each
participant, including those who did not complete follow-up
assessments [77]. This is a preferred analytic method for
repeated measures designs as it yields unbiased results when
data are missing at random and accounts for correlations
between repeated measurements of the same participant [78].
For the SCAS and SMFQ, the distribution of model residuals
violated the assumption of normality. We therefore applied log
transformations to these variables, which improved the
distribution of residuals. We ran the MMRM analyses on both
the raw and transformed data. As the results did not change
substantially and conclusions remained the same, we have
reported results based on the raw data.

Finally, as the majority of parents were female, and there were
more fathers in the control compared with intervention group
(21 vs 7), we conducted sensitivity analyses by running all
primary and secondary outcome analyses with data from mothers
only. Similarly, as there were differences in participant
characteristics between complete parent-adolescent dyads and
parents who participated alone, we also ran all analyses using
data from complete dyads only.

Results

Participant Characteristics
A total of 349 parents and 327 adolescents registered and
completed baseline assessments. Parents had a mean age of
45.11 years (SD 6.11), and the majority were female (320/349,
91.7%). Adolescents had a mean age of 13.60 years (SD 1.03),

with 49.2% (161/327) female. Table 2 presents baseline
participant characteristics and Table 3 presents participant
mental health characteristics. Mean scores on the SCAS-C and
SCAS-P were within one SD of published Australian community
sample norms for the age range of our sample [75]. Mean SMFQ
scores were within one SD of other nonclinical samples (eg,
[74,79,80]) and below clinical cut-off scores suggested by the
developing authors (SMFQ-C score of 8 [74]) and other authors
(eg, SMFQ-C score of 11 [79] and SMFQ-P score of 9 [81]).
Mean SFMQ-C scores in our sample were also similar to those
reported in large community sample of Australian and American
adolescents [79]. Symptom levels in our sample are therefore
considered to be within the normal range for this age.

Comparison of Complete Parent-Adolescent Dyads
and Parent-Only Participants
We compared participant characteristics and baseline
parent-report measures between complete dyads (ie, both parent
and adolescent participated at baseline; 93.7%, 327/349) and
parents who participated without their adolescent. Parent-only
participants had slightly older children (mean=14.1 vs 13.6
years, t347=2.38, P=.02), higher baseline SCAS-P and SMFQ-P
scores (SCAS-P: mean=25.59 vs 16.17, t21.71=2.08, P=.049;
SMFQ-P: mean=7.59 vs 4.06, t22.01=2.27, P=.03), were more
likely to speak a language other than English at home (22.7%

vs 7.6%; χ2
1[N=349]=5.97, P=.02), and were more likely to

report that their child had a history of or current anxiety disorder
or concern regarding a previous undiagnosed mental health
problem (all P<.05). This suggests that adolescents may have
declined to participate because of their mental health or English
proficiency. There were no differences for any other
demographic variables, and complete dyads were balanced
between groups (intervention group: 93.9%, 154/164; control

group: 93.5%, 173/185; χ2
1[N=349]=0.22, P=.88). As we

intentionally allowed parents to participate without their
adolescent to attain a more diverse sample, we kept data from
parent-only participants in our main analyses. See sensitivity
analyses below for comparison of results with complete dyads
only.

Attrition
Figure 1 presents the participant flow diagram. Overall, the
attrition rate was low at 6.0% (n=21) for parents (intervention
group: n=13, 7.9%; control group: n=8, 4.3%) and 6.7% (n=22)
for adolescents (intervention group: n=8, 5.2%; control group:
n=14, 8.1%) at 3-month follow-up. Chi-square tests indicated
no significant differences in attrition between groups at any
time point (all P>.05). Chi-square tests and t tests were
conducted to assess for differences in demographic
characteristics and outcome measures between participants who
completed and those who withdrew. There were no significant
differences for any demographic variables (all P>.05). There
were also no differences in scores on the PRADAS-A, SCAS-C,
SCAS-P, or SMFQ-C. Significant differences were found for
baseline PRADAS and SMFQ-P scores. Specifically,
intervention group parents who withdrew from the 1-month
follow-up assessment scored significantly lower on the baseline
PRADAS than those who completed 1-month follow-up. This
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was not the case at 3-month follow-up or for control group
parents. Similarly, intervention group parents who did not
complete the 3-month assessment reported higher baseline

SMFQ-P scores than those who did complete 3-month
follow-up.
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Table 2. Participant characteristics at baseline.

n (%)Parent or child characteristic

Parent relationship to child

315 (90.3)Mother

28 (8.0)Father

6 (1.7)Othera

Parent relationship status

271 (77.7)Married or defacto

58 (16.6)Separated or divorced

16 (4.6)Single

4 (1.1)Widowed

Family situation

240 (68.8)Intact family, child living with both parents

36 (10.3)Separated parents, shared care

61 (17.5)Child living with one parent (participant)

6 (1.7)Child living with one parent (not participant)

6 (1.7)Other

Parent employment status

159 (45.6)Working full time

155 (44.4)Working part time

35 (10.0)Unemployed

Parent study status

57 (16.3)Studying full time

11 (3.2)Studying part time

281 (80.5)Not studying

Parent education level

27 (7.7)Secondary school year 7-12

1 (0.3)Trade or apprenticeship

40 (11.5)Technical and further education certificate or other technical qualification

61 (17.5)Diploma

105 (30.1)Bachelor degree

115 (33.0)Postgraduate

30 (8.6)Language other than English spoken at home

Parent Indigenous status

4 (1.1)Yes

340 (97.4)No

5 (1.4)Prefer not to say

State of residence

113 (32.4)New South Wales

74 (21.2)Victoria

61 (17.5)Queensland

49 (14.0)Tasmania

22 (6.3)Australian Capital Territory

16 (4.6)South Australia
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n (%)Parent or child characteristic

13 (3.7)Western Australia

1 (0.3)Northern Territory

aOther parent-child relationship category includes step-mother, step-father, grandmother, and legal guardian.

Intervention Use
As the intervention was a once-off personalized feedback report,
all parents allocated to the intervention group received the
intervention. Following presentation of their feedback report,
parents were asked how much of the feedback they had read.
Of the 128 (78.0%) intervention group parents who answered
this question, 102 (79.7%) reported reading all of it, 24 (18.8%)
reporting reading about half of it, and 2 (1.6%) stated that they
would read it later.

Primary Outcome Measure: Parenting to Reduce
Adolescent Depression and Anxiety Scale
Observed scores for the PRADAS at each occasion are presented
in Multimedia Appendix 6 (Table 1). Figure 2 presents the
estimated marginal means of PRADAS scores at baseline,
1-month, and 3-month follow-up, estimated under the
group-by-measurement-occasion mixed model. The overall
group-by-measurement-occasion interaction effect was
significant (F2,331.22=16.36, P<.001), indicating a different
pattern of change over time between groups. Planned contrasts
between groups at each occasion indicated a significantly greater
increase in PRADAS scores in the intervention compared with
control group at both 1-month and 3-month follow-up (1-month
follow-up, t1,332.13= 5.27, P<.001; 3-month follow-up,
t1,339.10=4.87, P<.001). Effect sizes were small to medium
(1-month follow-up, d=0.30 [95% CI 0.06-0.50]; 3-month
follow-up, d=0.33[95% CI 0.05-0.49]). Figure 3 presents
estimated marginal means of PRADAS-A scores from baseline
to 3-month follow-up, estimated under the
group-by-measurement-occasion mixed model.

At 1-month and 3-month follow-up, parents in both groups were
also asked whether they had tried to make any changes to their
parenting since the previous assessment time point and their
perceived success in making changes. Chi-square analyses of
the postintervention (1-month) assessment revealed a significant

difference in attempts to change parenting (χ2
3[N=307]=19.65,

P<.001), with significantly more intervention group parents
reporting making some changes to their parenting. This finding
aligns with the parent-report of specific parenting behaviors on
the PRADAS. There was, however, no significant difference

between groups for parent-reported success in making changes

to their parenting, χ2
3(N=307)=6.26, P=.10. At 3-month

follow-up, there were no significant group differences in

reported attempts to change parenting (χ2
3[N=323]=6.03, P=.11)

or perceived success in making changes (χ2
3[N=313]=6.03,

P=.11). The proportion of parents who reported accessing
additional parenting resources, or seeking professional help for
their own or their child’s mental health, did not differ between
groups at either 1-month or 3-month follow-up (all P>.05).

Secondary Outcome Measures
Observed values for all secondary outcome measures are
presented in Multimedia Appendix 6 (Table 2). Table 4 presents
the estimated marginal means and MMRM
group-by-measurement-occasion interaction results for these
measures.

Parenting to Reduce Adolescent Depression and Anxiety
Scale-Adolescent Report
The group-by-measurement-occasion interaction effect for
PRADAS-A was nonsignificant (F1,303.82=0.02, P=.88),
demonstrating no difference in the pattern of change over time
between groups. A significant main effect for time was observed
(F1,303.82=8.49, P=.004), with planned contrasts showing a
significant reduction in PRADAS-A scores from baseline to
3-month follow-up for both groups (intervention, P=.04; control,
P=.046).

Adolescent Symptoms
As shown in Table 4, the group-by-measurement-occasion
interaction effects were not significant for any of the symptom
measure analyses (all P>.05), suggesting no significant
difference between the groups over time. Significant main
effects for time were found for the SMFQ-P (F1,324.76=12.19,
P<.001), SCAS-P (F1,325.55=70.54, P<.001), and SCAS-C
(F1,302.74=5.55, P=.02), with planned contrasts demonstrating a
reduction in symptoms for both groups from baseline to 3
months. There were no significant main effects for the SMFQ-C
(all P>.05). Figure 4 presents the estimated marginal means for
all symptom measures from baseline to 3-month follow-up.
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Table 3. Parent and adolescent mental health characteristics, Spence Children’s Anxiety Scale (SCAS), and Short Mood and Feelings Questionnaire
(SMFQ) scores at baseline. P and C indicate parent and child report, respectively.

StatisticsParent or child characteristic

Parental concern about child’s risk of developing depression, n (%)

77 (22.1)Not at all

175 (50.1)A little

68 (19.5)Yes

27 (7.7)Very much so

2 (0.6)Missing (declined to answer)

Parental concern about child’s risk of developing an anxiety disorder, n (%)

79 (22.6)Not at all

165 (47.3)A little

74 (21.2)Yes

29 (8.3)Very much so

2 (0.6)Missing (declined to answer)

Parental history or current mental health problem (as reported by parent), n (%)

145 (41.5)None

138 (39.5)Yes, past history

33 (9.5)Yes, current

31 (8.9)Yes, past and current

2 (0.6)Missing (declined to answer)

Child history of mental health problem or behavioral disorder diagnosis (as reported by parent), n (%)

231 (66.2)None

2 (0.6)Depression

10 (2.9)Any anxiety disorder

6 (1.7)Autism spectrum disorder (including Asperger syndrome)

9 (2.6)Other mental health or behavioral disordera

11 (3.2)Multiple diagnoses

76 (21.8)No formal diagnosis; however, I believe my child has experienced some emotional or behavioral problems

4 (1.1)Missing (declined to answer)

Child current mental health or behavioral problems (as reported by parent), n (%)

243 (69.6)None

1 (0.3)Depression

18 (5.2)Any anxiety disorder

7 (2.0)Autism spectrum disorder (including Asperger syndrome)

7 (2.0)Other mental health or behavioral disordera

16 (4.6)Multiple diagnoses

51 (14.6)No formal diagnosis; however, I believe my child is currently experiencing some emotional or behavioral problems

6 (1.7)Missing (declined to answer)

Baseline symptom measures, mean (SD)

16.76 (11.66)SCAS-P score (n=349)

29.78 (17.87)SCAS-C score (n=326)

4.28 (4.58)SMFQ-P score (n=349)

6.18 (5.66)SMFQ-C score (n=325)
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aThis category includes attention-deficit/hyperactivity disorder, oppositional defiant disorder, conduct disorder, learning difficulties, or any other disorder
specified by parents.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) participant flow diagram. ITT: intention-to-treat.
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Figure 2. Estimated marginal means for Parenting to Reduce Adolescent Depression and Anxiety Scale (PRADAS) scores at baseline (n=349), 1-month
(n=329), and 3-month (n=328) follow-up, estimated under group-by-measurement-occasion mixed model. Error bars represent standard errors. *Planned
contrast significant at P<.001 level.

Figure 3. Estimated marginal means of Parenting to Reduce Adolescent Depression and Anxiety Scale-Adolescent report (PRADAS-A) scores from
baseline to 3-month follow-up, estimated under group-by-measurement-occasion mixed model. Error bars represent standard errors.
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Table 4. Estimated marginal means, standard errors, and Mixed effect Model Repeated Measures (MMRM) test of group-by-measurement-occasion
interaction for all secondary outcome measures. PRADAS-A: Parenting to Reduce Adolescent Depression and Anxiety Scale-Adolescent report; SCAS-C:
Spence Children’s Anxiety Scale-Child-report; SCAS-P: Spence Children’s Anxiety Scale-Parent-report; SMFQ-C: Short Mood and Feelings
Questionnaire-Child-report; SMFQ-P: Short Mood and Feelings Questionnaire-Parent-report.

Cohen da (95% CI)MMRM group-by-measurement-occasion interaction effectEstimated marginal means (SE), nMeasure and occasion

P valueDegrees of freedomFControlIntervention

.881,303.820.02PRADAS-A

24.45 (0.42), 17324.59 (0.44), 154Baseline

0.00 (−0.22 to 0.23)23.82 (0.47), 15923.89 (0.49), 1463-month

.681,325.550.17SCAS-P

16.86 (0.86), 18516.65 (0.91), 164Baseline

−0.06 (−0.29 to 0.15)14.15 (0.82), 17713.66 (0.88), 1513-month

.411,302.740.67SCAS-C

28.78 (1.35), 17330.81 (1.44), 153Baseline

0.18 (−0.05 to 0.40)26.86 (1.43), 15929.88 (1.51), 1453-month

.441,324.760.59SMFQ-P

4.15 (0.34), 1854.43 (0.36), 164Baseline

−0.04 (−0.26 to 0.17)3.52 (0.31), 1773.44 (0.33), 1513-month

.681,301.250.18SMFQ-C

5.96 (0.43), 1736.46 (0.46), 152Baseline

0.12 (−0.10 to 0.35)5.91 (0.47), 1596.61 (0.50), 1463-month

aCohen d effect size calculated based on observed means at end point (3-month follow-up) and SD of the control group.

Figure 4. Estimated marginal means for Spence Children’s Anxiety Scale-Parent report (SCAS-P), Spence Children’s Anxiety Scale-Child report
(SCAS-C), Short Mood and Feelings Questionnaire-Parent report (SMFQ-P), and Short Mood and Feelings Questionnaire-Child report (SMFQ-C) from
baseline to 3-month follow-up, estimated under group-by-measurement-occasion mixed model. Error bars represent standard errors.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e148 | p.171http://www.jmir.org/2018/4/e148/
(page number not for citation purposes)

Cardamone-Breen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Parent Satisfaction and Acceptability of the Intervention
Frequencies for parental responses to the process questions
asked immediately postintervention (ie, after receiving their
feedback at baseline or 3-month follow-up, for the intervention
and waitlist control groups, respectively) are presented in
Multimedia Appendix 2. Of the parents who answered these
questions, the majority (93.6%) reported that they were
somewhat or very satisfied with the feedback received, and
95.1% reported that they found the feedback either somewhat,
very, or extremely useful. Most parents (90.2%) also reported
that they were somewhat or very likely to change their parenting
based on the feedback provided, although fewer parents were
confident to do so (84.1% either very or moderately confident).

Sensitivity Analyses
All results from primary and secondary outcome analyses using
data from mothers only, as well as data from complete
parent-adolescent dyads only, were consistent with results
reported above.

Discussion

Principal Findings
This study aimed to evaluate the short-term effects of a
single-session, Web-based, tailored psychoeducational parenting
intervention on parenting factors and symptoms of depression
and anxiety in adolescents. Results provide preliminary support
for the effectiveness of the intervention for improving
evidence-based parenting risk and protective factors for
adolescent depression and anxiety disorders. In support of our
first hypothesis, parents in the intervention group demonstrated
a greater increase in self-reported concordance with the
Guidelines’ recommendations than control group parents. This
effect was evident at 1-month postintervention and 3-month
follow-up, with small to medium effect sizes. Additionally,
most parents were satisfied with the intervention and found it
useful. The intervention did not, however, have a significant
effect on any of the secondary outcome measures; namely
adolescent-report of parenting, or symptoms of depression or
anxiety in the adolescents. Our findings therefore do not support
the effectiveness of the intervention for reducing adolescent
symptoms in the short-term.

Effect of the Intervention on Parenting
The current findings add to a growing body of literature
supporting the efficacy of preventive parenting interventions
for the improvement of modifiable parenting factors (eg,
[33,35,82-84]). This study contributes a number of novel
findings to the literature. To our knowledge, the intervention is
the first of its kind to target a wide range of parenting factors
known to influence the development of depression and anxiety
disorders in adolescents. Additionally, the intervention is
considerably briefer than existing parenting interventions and
was conducted entirely online with no therapist support. It is
therefore promising to find an improvement in self-reported
parenting, particularly given that many existing interventions
are labor-intensive (eg, delivered by trained professionals) and
expensive to disseminate. Together, these factors support the
potential of a single-session, online intervention as a strategy

to translate research regarding parenting risk and protective
factors for adolescent depression and anxiety into an accessible,
low-cost preventive approach. Importantly, this study also adds
to the paucity of research investigating preventive interventions
for parents of adolescents.

Although we found a significant effect of the intervention on
self-reported parental concordance with the Guidelines, there
was no significant effect of the intervention on adolescent-report
of parenting. In fact, adolescents in both groups reported a slight
reduction in their parent’s concordance with the Guidelines’
recommendations. This discrepancy is in line with the frequently
reported discordance between parent- and child-report of
parenting (eg, [85-87]). It is also reflected by the modest
correlation between the PRADAS and PRADAS-A (r=.25),
which is consistent with associations between parent and child
report in the literature (eg, correlations of .20 to .40 are typical
[85,86,88]).

There are several possible explanations for the discrepancy
between parent- and adolescent-report found in this study. First,
the perspectives captured by parent- and child-report may reflect
the different focus or importance that parents and adolescents
place on various parenting practices. For example, parents may
report on subtle behaviors, attitudes, and beliefs that may not
be noticed by the adolescent. Similarly, adolescents’ reports
may be influenced by their experiences over a longer period of
time, rather than specific recent parenting behaviors. Second,
the PRADAS-A covers less content and is less specific than the
PRADAS, with fewer items (43 compared with 73 items of the
PRADAS). It may therefore be less sensitive to detect subtle or
gradual changes in parenting, which may not be easily detected
by adolescents, particularly in the short-term. As this is the first
study to utilize the PRADAS-A, we do not have prior evidence
to support its ability to detect change. It is also possible that
adolescents in our sample, who had a mean age of 13.64 years,
were too young to accurately report change in the parenting
practices covered in the PRADAS-A. Finally, it could be that
our results only demonstrate parents’ perceived improvement
in parenting, as measured by the self-report PRADAS. Without
objective measures of behavior and with the discrepancy
between respondents, we cannot be certain that the intervention
did result in improved parenting practices. Unfortunately, this
is a limitation inherent in many parenting intervention studies,
which often use single-informant parent-report measures of
family and parenting factors.

Effect of the Intervention on Adolescent Symptoms
The lack of effect of the intervention on adolescent symptoms
contrasts with a growing body of literature suggesting that
preventive parenting interventions can reduce internalizing
problems in children and adolescents (eg, [31,32,35,37,89]).
There are a number of potential reasons for this finding. First,
we only collected data up to 3-month follow-up. It is likely that
a longer time period is required for changes in parenting to
influence adolescent symptoms. Much of the evidence base for
the parenting factors targeted in the intervention stems from
longitudinal research [9]; hence, the parenting factors are
theorized to have a long-term impact on adolescent outcomes.
For example, factors such as consistent discipline or supporting
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age-appropriate autonomy would likely take time to have an
effect on adolescent symptoms. In line with this hypothesis,
several studies that have found beneficial effects of parenting
interventions on child mental health outcomes have had longer
follow-up periods (eg, 6-12 months or more; see [37,84] for
reviews) or have found that effects increase over time (eg,
[29,30,90]). It is possible that long-term effects of preventive
parenting interventions occur because of “sleeper effects.” That
is, the effects of the intervention on adolescent outcomes may
increase over time, potentially because of the bidirectional nature
of parenting behaviors and child temperament or behavior on
subsequent child internalizing outcomes (eg, [14,37,91,92]).
To adequately assess the relationship between improving
parenting factors and adolescent depression and anxiety
outcomes, longer-term studies, ideally with follow-up into late
adolescence, are required.

It should also be noted that although there is strong evidence
regarding the role of parenting in the development of child and
adolescent depression and anxiety, the amount of variance
explained by individual parenting factors is small (eg, [9,38-40]).
The development of these disorders is multifaceted and
influenced by many factors other than parenting (eg, gender,
genetic predisposition, parent psychopathology, early-life events,
and socioeconomic factors [10,93-95]), as well as interactions
among these factors [93,95]. In line with this, the correlations
between the PRADAS and adolescent symptoms at baseline
were small (SCAS-P: r= −.13, P=.02; SCAS-C: r=−.09, P=.10;
SMFQ-P: r=−.22, P<.001; SMFQ-C: r=−.11, P=.06). It is
therefore possible that the change in parenting found in this
study was not large enough to result in reduced adolescent
symptoms in the short-term. Additionally, to ensure
independence of observations, we only allowed one parent per
family to participate. This differs to face-to-face parenting
interventions, which typically invite both parents to participate
(although participation of mothers is unequivocally higher [96]),
and emphasize the importance of parenting consistency. Thus,
while changing the parenting of one parent was not effective in
reducing adolescent symptoms in this study, it is possible that
a consistent change across both parents could have greater
influence on adolescent outcomes.

Implications for Universal Prevention
Evidence to date is conflicting regarding the comparative
efficacy of universal, selective, and indicated prevention
approaches for depression and anxiety in young people. Some
reviews have found selective or indicated programs to be more
effective (eg, [28,97-99]), whereas others have found no
significant differences between the approaches (eg, [23,37,100]).
Although effect sizes may be larger in selective and indicated
programs, universal approaches have the benefit of reaching a
greater proportion of the population. Thus, even with small
effect sizes, the population mean can be shifted, resulting in
significant impact at a population level [101]. The small effect
on parent-reported behaviors found in this study could therefore
lead to population-level changes in parenting if the intervention
is delivered universally.

In practice, the optimal plan for dissemination of preventive
parenting programs for adolescent depression and anxiety would

likely involve a combination of universal, selective, and
indicated approaches [93]. In this way, universal programs are
able to reach a greater proportion of the population, whereas
selective and indicated programs, which are typically more
intensive and costly to deliver, are available for those at elevated
risk. As discussed, this is the aim of the multilevel PiP program
[58]. The single-session intervention evaluated in this paper can
serve as a first step, which can be accessed by all parents
regardless of their adolescent’s risk or current symptoms. This
may have the added benefit of minimizing stigma, if promoted
as a resource for all parents of adolescents (eg, at the transition
to secondary school). Given the difficulty engaging and retaining
parents in online interventions, a model such as this may allow
more parents to receive at least some intervention (ie, the
single-session component), even if they do not continue to
complete the PiP modules. Parents then have the option of
“stepping up” to the next level of PiP based on personal
preference or need. Results from this study support the value
of including the single-session component as a stand-alone
intervention within the PiP model. In comparison to a recent
RCT comparing the full PiP intervention with an active control
condition, the single-session intervention achieved a similar
effect at 3-month follow-up (although the overall effect size
was larger for the full intervention [65]).

Strengths, Limitations, and Future Directions
This study has several strengths. We recruited a large
community sample via methods similar to how the intervention
could be disseminated (ie, primarily via schools and online
networks). The demographics of our sample are therefore likely
to be representative of the expected end users of the program.
Similarly, there were no exclusion criteria, and participants were
not precluded from accessing other resources or services. These
factors suggest good external validity of the findings.
Furthermore, parents were generally satisfied with the
intervention and found the feedback to be useful. This may
partially account for the low attrition rate, which is notable
given the high attrition often reported in online interventions
(eg, [63,66,67]).

Study limitations include the overrepresentation of highly
educated mothers from intact families, which may limit the
generalizability of findings to fathers, parents with lower
educational attainment, and different family situations. Although
not representative of the general population, our sample
characteristics are similar to other studies of online parenting
interventions (eg, [56,57,102,103]), suggesting that these types
of programs may be most appealing to this demographic. This
limitation is particularly relevant given the aim of promoting
the single-session intervention (and PiP more broadly) as a
universal prevention approach. The impact of the intervention
at a population level would be limited if it is only accessed by
a certain demographic, particularly given that parent educational
attainment is associated with higher positive parenting practices
[59,104,105] and lower rates of child mental health problems
[106,107]. To adequately assess the potential of the intervention
as a universal approach, research with more diverse samples is
required. Our team is currently planning a trial of PiP with
parents of lower socioeconomic status. It is possible that parents
with more risk factors (ie, lower concordance with the
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Guidelines’ recommendations) may show greater improvement
with intervention, as they have more room for improvement.
Conversely, the single-session approach may not be a sufficient
level of intervention for such parents, although it may be a useful
way to initially engage or identify parents who could benefit
from a more intensive parenting support program.

We assessed parenting with newly developed measures,
designed specifically to assess concordance with the Guidelines.
This was necessary to assess the wide range of parenting factors
covered in the intervention with minimal burden to participants.
However, it was in place of existing validated measures;
therefore, future research is required to assess whether there are
effects of the intervention beyond what is captured by the
PRADAS. Although not feasible in this study, the addition of
objective measures of parenting, such as behavioral observation
of parent-adolescent interactions, would also be of value in
future research. Additionally, we only collected data up to
3-month follow-up, and the ethical need to limit the duration
of waitlist precludes the possibility of between-group
comparison of long-term follow-up. We also used symptom

measures, rather than measures of diagnostic status. Future
research would benefit from including diagnostic measures, as
well as broader measures of quality of life and general
functioning. Examining the effectiveness of the program when
both parents participate would also be of value.

Conclusions
This RCT provides preliminary support for the effectiveness of
a single-session, Web-based, tailored psychoeducation parenting
intervention for improving evidence-based parenting risk and
protective factors for adolescent depression and anxiety
disorders. At this stage, there is no evidence that the program
reduces symptoms of depression and anxiety in adolescents in
the short-term. However, given the empirical and theoretical
basis for the parenting factors targeted in the intervention, it is
possible that altering these parenting behaviors in early
adolescence could result in reduced risk in the long-term. Given
the brevity and ease of dissemination of the program, this is a
promising avenue for the translation of research into a
sustainable, low-cost intervention that can be disseminated
widely as a public health prevention strategy.
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SMFQ: Short Mood and Feelings Questionnaire (-C: Child report; -P: Parent report)
MMRM: Mixed effect Model Repeated Measures
PiP: Partners in Parenting
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Abstract

Background: Current practice guidelines emphasize the use of physical activity as the first-line treatment of knee osteoarthritis;
however, up to 90% of people with osteoarthritis are inactive.

Objective: We aimed to assess the efficacy of a technology-enabled counseling intervention for improving physical activity in
people with either a physician-confirmed diagnosis of knee osteoarthritis or having passed two validated criteria for early
osteoarthritis.

Methods: We conducted a proof-of-concept randomized controlled trial. The immediate group received a brief education session
by a physical therapist, a Fitbit Flex, and four biweekly phone calls for activity counseling. The delayed group received the same
intervention 2 months later. Participants were assessed at baseline (T0) and at the end of 2 months (T1), 4 months (T2), and 6
months (T3). Outcomes included (1) mean time on moderate-to-vigorous physical activity (MVPA ≥3 metabolic equivalents
[METs], primary outcome), (2) mean time on MVPA ≥4 METs, (3) mean daily steps, (4) mean time on sedentary activities, (5)
Knee Injury and Osteoarthritis Outcome Score (KOOS), and (6) Partners in Health scale. Mixed-effects repeated measures analysis
of variance was used to assess five planned contrasts of changes in outcome measures over measurement periods. The five
contrasts were (1) immediate T1-T0 vs delayed T1-T0, (2) delayed T2-T1 vs delayed T1-T0, (3) mean of contrast 1 and contrast
2, (4) immediate T1-T0 vs delayed T2-T1, and (5) mean of immediate T2-T1 and delayed T3-T2. The first three contrasts estimate
the between-group effects. The latter two contrasts estimate the effect of the 2-month intervention delay on outcomes.

Results: We recruited 61 participants (immediate: n=30; delayed: n=31). Both groups were similar in age (immediate: mean

61.3, SD 9.4 years; delayed: mean 62.1, SD 8.5 years) and body mass index (immediate: mean 29.2, SD 5.5 kg/m2; delayed:

mean 29.2, SD 4.8 kg/m2). Contrast analyses revealed significant between-group effects in MVPA ≥3 METs (contrast 1 coefficient:
26.6, 95% CI 4.0-49.1, P=.02; contrast 3 coefficient: 26.0, 95% CI 3.1-49.0, P=.03), daily steps (contrast 1 coefficient: 1699.2,
95% CI 349.0-3049.4, P=.02; contrast 2 coefficient: 1601.8, 95% CI 38.7-3164.9, P=.045; contrast 3 coefficient: 1650.5, 95%
CI 332.3-2968.7; P=.02), KOOS activity of daily living subscale (contrast 1 coefficient: 6.9, 95% CI 0.1-13.7, P=.047; contrast
3 coefficient: 7.2, 95% CI 0.8-13.6, P=.03), and KOOS quality of life subscale (contrast 1 coefficient: 7.4, 95% CI 0.0-14.7,
P=.049; contrast 3 coefficient: 7.3, 95% CI 0.1-14.6, P=.048). We found no significant effect in any outcome measures due to
the 2-month delay of the intervention.
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Conclusions: Our counseling program improved MVPA ≥3 METs, daily steps, activity of daily living, and quality of life in
people with knee osteoarthritis. These findings are important because an active lifestyle is an important component of successful
self-management.

Trial Registration: ClinicalTrials.gov NCT02315664; https://clinicaltrials.gov/ct2/show/NCT02315664 (Archived by WebCite
at http://www.webcitation.org/6ynSgUyUC)

(J Med Internet Res 2018;20(4):e159)   doi:10.2196/jmir.8514
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Introduction

Arthritis is the most common cause of severe chronic pain and
disability worldwide. Analysis by the Arthritis Alliance of
Canada estimates one new diagnosis of osteoarthritis (OA) every
60 seconds, resulting in nearly 30% of the employed labor force
having difficulties working due to OA [1]. Current evidence
supports the use of physical activity to manage OA due to its
beneficial effects on pain, mobility, and quality of life [2,3]. It
has been shown that moderate weight-bearing activities improve
joint health by preserving glycosaminoglycan content in
cartilage [4,5]. Furthermore, specific training that involves
functional activities improves balance and proprioception, which
in turn can contribute to improving pain and mobility [6,7]. The
OA Research Society International recommends the use of
physical activity and therapeutic exercise as a first-line treatment
of knee OA [8]. Public health guidelines recommend more than
150 minutes a week of moderate-to-vigorous physical activity
(MVPA) performed in bouts of 10 minutes or more [9];
however, a 2013 systematic review reported that only 13% of
people with OA met this recommendation [10]. This concurs
with another study using accelerometers that more than 90% of
people with knee OA did not meet the physical activity
guidelines [11]. The findings are particularly alarming because
the evidence on the first-line treatment for OA has been
consistent over a decade [12]. This represents a major
knowledge-to-action gap.

Several modifiable risk factors are associated with low physical
activity participation in people with arthritis. These include lack
of motivation [13], doubts about the effectiveness of exercise
[14], and lack of health professional advice [15]. Once patients
start being active, they need feedback on their progress. A
Cochrane review reported that “graded exercise activity,” which
initially focuses on simple activities and then gradually increases
to more challenging ones, is effective for improving adherence
in people with chronic musculoskeletal conditions [16].
Progression of activities and goals can be guided by a physical
therapist (PT) [16].

We recently demonstrated feasibility of a physical activity
counseling program with the use of a Fitbit wrist band in 34
people with knee OA [17]. Compared to controls, those who
received the program showed a trend of increased MVPA and
perceived self-management capacity after 1 month [17]. The
findings supported further research on this program. The purpose
of the current study was to assess the efficacy of the program
for improving physical activity participation, disease status, and
perceived self-management capacity in people with knee OA.

Methods

Study Design and Participant Eligibility
Monitor-OA was a proof-of-concept study that used a
randomized, delayed-control design, whereby the randomization
determined the timing of when the intervention was provided
(ie, immediately vs a 2-month delay). As such, efficacy was
assessed within a conventional randomized controlled trial
(RCT), with an intervention group and a control group, at 2
months, whereas all participants received the intervention
beyond this time. This study design is best suited for
interventions that include components that are likely beneficial
and low risk to participants, such as physical activity counseling.

Eligible individuals were those who had a physician-confirmed
diagnosis of knee OA or passed two criteria for early OA: (1)
aged 50 years and (2) had experienced pain or discomfort in or
around the knee during the previous year lasting more than 28
separate or consecutive days. In a community-based study [18],
191 of 195 (97%) urban-dwelling participants who met these
criteria also met the American College of Rheumatology clinical
criteria for knee OA [19].

We excluded individuals who:

1. had a diagnosis of inflammatory arthritis, connective tissue
diseases, fibromyalgia, or gout;

2. had used disease-modifying antirheumatic drugs or gout
medications;

3. had knee arthroplasty;
4. were on a waitlist to receive knee or hip arthroplasty;
5. had any surgery in the back, hip, knee, foot, or ankle joint

in the past 12 months;
6. had acute knee injury in the past 6 months;
7. had received a steroid injection or hyaluronate injection in

a knee in the last 6 months;
8. had a body mass index (BMI) of 40 kg/m2 or higher;
9. did not have an email address or daily access to a personal

computer with Internet access;
10. were unable to attend the required education session in

person;
11. were using medications that impaired activity tolerance (eg,

beta-blockers); and
12. had an inappropriate level of risk for increasing their

unsupervised physical activity.

Potential participants completed the Physical Activity Readiness
Questionnaire (PAR-Q [20]; 2014 version). If a potential risk
was identified by the PAR-Q, physician confirmation in writing
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was required to ensure that the person was able to be physically
active without supervision of a health professional.

Participants were recruited from the Mary Pack Arthritis
Program in Vancouver, BC, Canada. Study information was
also posted on social media (Facebook, Twitter, Kijiji, and
Craigslist) and the Arthritis Research Canada website. In
addition, emails about the study were sent by the Arthritis
Consumer Experts, a nonprofit patient education organization,
to their members. After completing the baseline assessment,
eligible participants were randomly assigned to the immediate
group or the delayed group (ie, control) in 1:1 allocation ratio.
The delayed group received the same intervention as the
immediate group after a 2-month wait. We performed
randomization using computer-generated random numbers in
variable block sizes.

Intervention
The intervention involved participants attending a 1.5-hour
session, where they received (1) 15-minute standardized
education about physical activity, (2) a Fitbit Flex, and (3)
individual counseling with a study PT who was trained in
motivational interviewing [21]. The choice of a face-to-face
session over the use of videoconferencing technology was to
maximize the opportunity for participants and PTs to established
rapport [22,23]. The education portion, delivered in groups of
two to four participants, addressed the benefits of an active
lifestyle, the detrimental effect of sedentary behavior, and ways
to be active without aggravating OA symptoms. The individual
counseling portion followed the Brief Action Planning approach
[24], whereby PTs guided participants to identify activity goals,
develop an action plan, and identify barriers and solutions. The
PTs used the SMART (specific, measurable, attainable, relevant,
time-bound) principle during goal setting (eg, 30 minutes of
brisk walking in the neighborhood in the evening three times a
week). Participants were then asked to rate their confidence in
executing the plan on a zero to 10 scale, with 10 meaning very
confident. The process was repeated until the confidence rating
reached 7 or higher out of 10. For sedentary behaviors, the PTs
began by asking participants to estimate their sitting time in a
normal day and identify ways to break up the sitting time. They
then repeated the goal setting and confidence assessment.

Participants then received a Fitbit Flex to be worn at the wrist
of the nondominant side 24 hours a day except during
water-based activity or when charging. The physical activity
data were wirelessly synchronized with Fitbit’s online
Dashboard that could be viewed only by the participants and
their study PTs. During the intervention period, the PT reviewed
the participant’s physical activity on the Dashboard and
progressively modified their SMART goals during four biweekly
20-minute phone calls. Participants could also contact the PT
via email in-between the scheduled calls. At the end of the
intervention, participants could keep the Fitbit.

Four PTs with a primary caseload consisting of patients with
arthritis were trained to deliver the education and counseling
components. Three of them were from the public sector
(Vancouver Coastal Health Authority, Vancouver, BC, Canada),
and one worked in a mix of public and private practices. One
PT also participated in our previous feasibility study [17] and

provided feedback to refine the intervention for the current
project. The PTs attended a 2-day introductory motivational
interview course offered by the University of British Columbia
Extended Learning program. Before data collection, we held
two orientation sessions (2 hours each) for the PTs to review
the study protocol and practice the counseling component.

Outcome Measures
Participants were assessed at baseline (T0) and the end of 2
months (T1), 4 months (T2), and 6 months (T3). Our primary
outcome measure was mean daily time performing MVPA at
≥3 metabolic equivalents, or METs (MVPA ≥3 METs;
performed in both ambulatory and nonambulatory activities
throughout the day) measured with SenseWear Mini, a
multisensor monitor that was worn on the upper arm over the
triceps. SenseWear integrates triaxial accelerometer data,
physiological sensor data, and personal demographic information
to provide estimates of steps and energy expenditure. Tierney
et al [25] showed that SenseWear was a valid tool for estimating
energy expenditure during activities of daily living in people
with arthritis (intraclass correlation coefficient [ICC]=0.72). A
strong relationship was also found between SenseWear and
indirect calorimetry measures of energy expenditure for
activities of daily living (Pearson r=.85) [25]. SenseWear can
be worn 24 hours a day; hence, it can capture a full picture of
physical activity and the off-body time throughout the day
[26,27]. Participants wore a SenseWear for 7 days at each
assessment. Almeida et al [28] determined that a minimum of
4 days of wear was required to reliably assess energy
expenditure from different levels of physical activity in people
with arthritis (ICC >0.80).

We performed additional analysis with a MVPA cut-off at ≥4
METs, which reflected an activity level of brisk walking and
higher (ie, purposeful ambulatory activities) [29]. Other
secondary outcomes included the daily mean time spent in
sedentary activities [30], the Knee Injury and OA Outcome
Score (KOOS) [31,32], and the Partners in Health scale [33].
An important feature of SenseWear is its ability to differentiate
between sedentary and light activities [34], making it an ideal
instrument to assess sedentary activities. For sedentary activities,
we calculated the mean daily time spent with an energy
expenditure of ≤1.5 METs, occurring in bouts of 20 minutes or
more during waking hours [35-38].

The KOOS consists of five subscales: knee pain, stiffness,
activity of daily living, sports/recreation, and quality of life. It
was originally developed for people recovering from anterior
cruciate ligament and meniscus injury and has been validated
in people with OA [31,32]. The Partners in Health scale is a
12-item measure designed to assess perceived self-management
capacity via subjective knowledge of the health condition and
treatment, and perceived self-management behaviors (eg,
adopting a healthy lifestyle; Cronbach alpha=.82) [33]. We also
tracked self-reported adverse events (falls, cardiovascular and
musculoskeletal events) [39] using a monthly log.

Sample Size Justification and Data Analysis
Our recruitment strategy enabled the study to enroll at least 60
eligible participants over 12 months. For a proof-of-concept
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study, it is reasonable to expect a moderately large difference
between groups after the intervention. Based on our feasibility
study, we estimated the standard deviation of the change in
MVPA ≥3 METs (primary outcome measure) from T0-T1 to
be 40 minutes. This resulted in 81.5% power to detect a
30-minute difference between groups in the T1-T0 change via
a two-sided test at alpha level of .05.

Descriptive analysis was used to summarize participant
characteristics, comorbid conditions, and adverse events. We
generated plots that included means and standard errors for the
outcome measures at each time point for both groups for all
outcome measures.

An intention-to-treat analysis was performed by a biostatistician
who was blinded to the group assignment. Quantile-quantile
plots were used to assess normality of the outcome variables.
Mixed-effects repeated measures analysis of variance was used
to assess five planned contrasts of changes in outcome measures
over measurement periods. They were:

1. Contrast 1: immediate group T1-T0 vs delayed group
T1-T0;

2. Contrast 2: delayed group T2-T1 vs delayed group T1-T0;
3. Contrast 3: mean of contrast 1 and contrast 2;
4. Contrast 4: immediate group T1-T0 vs delayed group

T2-T1; and
5. Contrast 5: mean of immediate group T2-T1 and delayed

group T3-T2.

The first three contrasts estimate the effect of the intervention
versus control. The latter two contrasts estimate the effect of
the delay on the intervention. Contrast 1 is the between-group
contrast estimate for the 2-month effect of the program, similar
to analysis from a parallel design. Contrast 2 is the within-group
contrast estimate for the 2-month effect of the program. One
benefit of the delayed-control design is that experimental units
can serve as their own control to improve efficiency and
precision of treatment effect estimation. To further improve the
treatment effect estimation efficiency, we combined contrast 1
and 2 by taking their mean (contrast 3). Contrast 4 examines
the 2-month effect of the program when it was delayed for 2

months. Contrast 5 combines data from both groups to assess
the lastingness of the effect, when the program ended 2 months
before assessment. No adjustment was made for multiple
comparisons because type II error is a greater concern than type
I error in proof-of-concept studies [40,41].

Ethics Approval
The research protocol was approved by the University of British
Columbia Behavioral Research Ethics Board (application
number: H14-01762) and was published in ClinicalTrials.gov
(NCT02315664).

Results

In 2015-2016, 278 people indicated an interest to participate
and 64 met the eligibility criteria (Figure 1). Of those, we
recruited 61 participants (immediate group: n=30, 73%, 22/30
women; delayed group: n=31, 90%, 28/31 women). Both groups
were similar in age (immediate group: mean 61.3, SD 9.4 years;
delayed group: mean 62.1, SD 8.5 years) and BMI (immediate

group: mean 29.2, SD 5.5 kg/m2; delayed group: mean 29.2,

SD 4.8 kg/m2; Table 1).

Multimedia Appendix 1 and Figures 2-11 present the results of
outcome measures from four time points. Prespecified contrast
analyses revealed significant effects as follows: mean time on
MVPA ≥3 METs (contrast 1 coefficient: 26.6, 95% CI 4.0-49.1,
P=.02; contrast 3 coefficient: 26.0, 95% CI 3.1-49.0, P=.03),
mean daily steps (contrast 1 coefficient: 1699.2, 95% CI
349.0-3049.4, P=.02; contrast 2 coefficient: 1601.8, 95% CI
38.7-3164.9, P=.045; contrast 3 coefficient: 1650.5, 95% CI
332.3-2968.7, P=.02), KOOS activity of daily living subscale
(contrast 1 coefficient: 6.9, 95% CI 0.1-13.7, P=.047; contrast
3 coefficient: 7.2, 95% CI 0.8-13.6, P=.03), KOOS quality of
life subscale (contrast 1 coefficient: 7.4, 95% CI 0.0-14.7,
P=.049; contrast 3 coefficient: 7.3, 95% CI 0.1-14.6, P=.048).
We found no significant effect in any outcome measures in the
other contrast analyses. No adverse event associated with the
intervention (eg, falls, cardiovascular and musculoskeletal
events) was reported by participants during the study.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e159 | p.185http://www.jmir.org/2018/4/e159/
(page number not for citation purposes)

Li et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Baseline characteristics of immediate group and delayed group participants.

P valueaDelayed group
(n=31)

Immediate group
(n=30)

All (N=61)Characteristics

.1128 (90)22 (73)50 (82)Gender (female), n (%)

.7262.1 (8.5)61.3 (9.4)61.7 (8.9)Age (years), mean (SD)

.27Marital status, n (%)

14 (45)19 (63)33 (54)Married/Common law

8 (26)7 (23)15 (25)Separated/Divorced

9 (29)4 (13)13 (21)Widowed / Never married / Other

.8016 (52)14 (47)30 (49)University degree, n (%)

.62Gross annual household income (CAN$), n (%)

000≤12,000

2 (7)1 (3)3 (5)12,001-24,000

2 (7)4 (13)6 (10)24,001-40,000

6 (19)5 (17)11 (18)40,001-60,000

4 (13)9 (30)13 (21)60,001-80,000

3 (10)2 (7)5 (8)80,001-100,000

6 (19)5 (17)11 (18)>100,000

8 (26)4 (13)12 (20)No answer

>.99Diagnosed with OA, n (%)

26 (84)26 (87)52 (85)Yes

5 (16)4 (13)9 (15)No, but met the “likely OA” criteria

.68In general, would you say your health is... n (%)

01 (3)1 (2)Excellent

14 (45)15 (50)29 (48)Very good

14 (45)10 (33)24 (39)Good

3 (10)4 (13)7 (12)Fair

000Poor

.78Compared to one year ago, how would you rate your health in
general now? n (%)

2 (6)2 (7)4 (7)Much better

3 (10)6 (20)9 (15)Somewhat better

15 (48)12 (40)27 (44)About the same

11 (36)10 (33)21 (34)Somewhat worse

000Much worse

.064.0 (2.0-5.0)2.0 (1.0-4.0)3.0 (2.0-4.0)Number of comorbid conditions, median (IQR)

.9529.2 (4.8)29.2 (5.5)29.2 (5.1)Body mass index (kg/m2), mean (SD)

aP values based on exact chi-square tests for categorical variables (nonmissing data) and two-sample t tests for continuous variables.
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Figure 2. Bouted moderate to vigorous physical activity (≥3 metabolic equivalent tasks [METs]).

Figure 3. Bouted moderate to vigorous physical activity (≥4 METs).

Figure 4. Bouted sedentary time.
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Figure 5. Mean daily step count.

Figure 6. Knee Injury and Osteoarthritis Outcome Score (KOOS) symptoms subscale.

Figure 7. KOOS pain subscale.
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Figure 8. KOOS sports and recreation subscale.

Figure 9. Partners in Health scale.

Figure 10. KOOS activities of daily living subscale.
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Figure 11. KOOS quality of life subscale.

Discussion

This proof-of-concept study showed that our intervention had
a significant effect on time spent on physical activity (MVPA
≥3 METs) by people with knee OA compared to controls. The
program also had a positive effect on step count, as well as
activity of daily living and quality of life measured by the
KOOS. Furthermore, the 2-month delay did not affect how
participants responded to the program. This is noteworthy for
the design of future RCTs in which the use of a “delay control”
is considered. Our findings match those of previous studies that
found individualized programs and self-management techniques
could enhance physical activity adherence among people with
chronic musculoskeletal conditions [16,17]. However, the
findings should be viewed in the context that compared to the
general population with knee OA, our participants were more
active (baseline MVPA ≥3 METs for more than 60 minutes per
day). A 2011 study in the United States using accelerometers
found that more than 90% of people with knee OA failed to
meet the physical activity guidelines of 150 minutes of MVPA
per week [11].

Our positive results may be explained by two reasons. First, we
employed a variety of behavior change techniques to promote
physical activity. In a review of 13 consumer wearables, Lyons
et al [42] found that Fitbit used behavior change techniques
such as goal setting, feedback, self-monitoring, social support,
social comparison, as well as providing instructions and rewards.
Although many of these techniques are in line with
recommendations from social cognitive theory [43], techniques
such as action planning, problem solving, and behavioral
practice/rehearsal are absent with the use of wearables alone
[42]. In a 2015 systematic review, Lewis et al [44] reported that
wearable-only interventions tend to produce only modest effects
on improving physical activity behavior. Therefore, we included
PT counselors with expertise in arthritis care and motivational
interview skills to prompt participants to plan and practice their
activities, and to identify potential barriers and solutions during
the follow-up calls. Our findings also echo those of a recent
RCT on a 12-week intervention involving an Internet-based
physical activity program with the use of an accelerometer and
remote coaching. Broekhuizen et al [45] reported that the

intervention improved the emotional and mental health among
community-dwelling older adults (mean age 65 years).

The second reason was related to the experience and training
of our study PTs. Previous studies in health counseling have
stressed the importance of the experience and skill of counselors
in behavioral interventions [46,47]. In this study, all PTs had a
clinical caseload primarily in arthritis, received the essential
training on motivational interviewing, and were familiar with
the counseling protocol. Taken together, these reasons might
have contributed to the positive effects of the intervention.

However, we did not observe a significant effect in the mean
time spent in sedentary activities. From the feasibility study,
we learned that increasing physical activity and reducing
sedentary behavior (eg, prolonged sitting) required distinct
counseling approaches, and that practice would be required by
the PTs to deliver the intervention [17]. Hence, all study PTs
were provided opportunities to practice the counseling procedure
with the investigators before data collection. We did not make
major modification to the counseling protocol, and it was
possible that some challenges persisted for participants to
identify ways to break up their sitting time. It should be noted
that sedentary behavior is linked to individuals’habitual routines
[48-51]. Although the general recommendation of MVPA can
be accomplished in short daily episodes (eg, 30 minutes of brisk
walking), reducing sedentary time requires people adjusting
their habits throughout the day (eg, computer/mobile device
use, television viewing). Therefore, different counseling
strategies are likely required for the two behaviors.

In light of the findings, we suggest two modifications for the
physical activity counseling program. First, the counseling
conversation should begin by examining the individual’s
habitual routines during a typical workday and a
non-work/weekend day, and then focus on periods when
prolonged sitting occurs. This would allow the conversation to
center on identifying opportunities, challenges, and solutions
to break up sitting time when it is feasible for the person.
Second, a more flexible system would be needed for setting
personal goals to reduce sedentary time. The current
Fitbit-manufactured apps, both the Web-based and mobile
versions, reward users if they take 250 steps or more
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(approximately 2-3 minutes of walking) in a given hour.
Although the parameter meets the general recommendation of
standing up and moving after 30 minutes of uninterrupted sitting,
it does not allow the flexibility to individualize goals to break
up sitting. We suggest that future Fitbit-compatible apps should
include functions for users to set personalized goals on the
frequency and duration to break up their sitting time during the
day, and to receive feedback on their goal attainment. This
would provide users with positive reinforcement to adopt the
current recommendation of reducing extended periods of sitting.

This study has a few limitations. With the use of a
delayed-control design in which the participants in the control
arm received treatment after a 2-month delay, efficacy of the
physical activity counseling intervention could only be assessed
at 2 months. Hence, the long-term effect of the intervention
remained unclear. Furthermore, our sample was relatively active;

hence, the results may not be generalizable to people with knee
OA who are more sedentary. The results also may not be
generalizable to men because 82% of the participants were
women. Finally, we have identified several shortcomings in the
counseling program that may have limited its potential to affect
the behavioral and health-related outcomes. Despite these
limitations, this proof-of-concept study has demonstrated a
significant effect of a multifaceted counseling intervention on
improving physical activity participation. We have since applied
these learnings to improve the next iteration of the program.
Specifically, it now includes a new sedentary counseling strategy
and a Fitbit-compatible Web app with enhanced functionality
for setting goals and rewarding behaviors that break up
prolonged sitting [52]. The modified program is currently being
tested in a RCT involving people with rheumatoid arthritis and
systematic lupus erythematosus (ClinicalTrial.gov identifier:
NCT02554474) [53].
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Abstract

Background: The number of mobile apps that support smoking cessation is growing, indicating the potential of the mobile
phone as a means to support cessation. Knowledge about the potential end users for cessation apps results in suggestions to target
potential user groups in a dissemination strategy, leading to a possible increase in the satisfaction and adherence of cessation
apps.

Objective: This study aimed to characterize potential end users for a specific mobile health (mHealth) smoking cessation app.

Methods: A quantitative study was conducted among 955 Dutch smokers and ex-smokers. The respondents were primarily
recruited from addiction care facilities and hospitals through Web-based media via websites and forums. The respondents were
surveyed on their demographics, smoking behavior, and personal innovativeness. The intention to use and the attitude toward a
cessation app were determined on a 5-point Likert scale. To study the association between the characteristics and intention to use
and attitude, univariate and multivariate ordinal logistic regression analyses were performed.

Results: The multivariate ordinal logistic regression showed that the number of previous quit attempts (odds ratio [OR] 4.1,
95% CI 2.4-7.0, and OR 3.5, 95% CI 2.0-5.9) and the score on the Fagerstrom Test of Nicotine Dependence (OR 0.8, 95% CI
0.8-0.9, and OR 0.8, 95% CI 0.8-0.9) positively correlates with the intention to use a cessation app and the attitude toward cessation
apps, respectively. Personal innovativeness also positively correlates with the intention to use (OR 0.3, 95% CI 0.2-0.4) and the
attitude towards (OR 0.2, 95% CI 0.1-0.4) a cessation app. No associations between demographics and the intention to use or the
attitude toward using a cessation app were observed.

Conclusions: This study is among the first to show that demographic characteristics such as age and level of education are not
associated with the intention to use and the attitude toward using a cessation app when characteristics related specifically to the
app, such as nicotine dependency and the number of quit attempts, are present in a multivariate regression model. This study
shows that the use of mHealth apps depends on characteristics related to the content of the app rather than general user
characteristics.

(J Med Internet Res 2018;20(4):e118)   doi:10.2196/jmir.7606
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Introduction

Background
Smoking is a serious health problem. The World Health
Organization estimates that over 1 billion people worldwide
smoke tobacco, and the deaths of 6 million people per year can
be attributed to causes linked to smoking [1]. The global
prevalence of tobacco use is estimated to be 19%: 1 of 5 people
older than 15 years of age uses tobacco, and in developed
countries, this statistic is even higher, that is, 1 of 4 people older
than 15 years uses tobacco [2]. The prevalence of tobacco use
in the Netherlands was estimated to be 26.1% in 2015 among
Dutch citizens older than 17 years of age [2].

Attempts to quit smoking are not monitored worldwide by a
single organization, but statistics are available for specific
nations. In the United States, among current smokers and former
smokers, in 2012, an estimated 53% had made a quit attempt
longer than 1 day [3]. Estimations from surveys of Dutch
smokers [4] show that in 2014, approximately 1 in 3 smokers,
accounting for approximately 500,000 smokers, attempted to
quit smoking.

Independent quit attempts are unregistered, and because the
uptake of interventions (digital and face-to-face) are generally
unpredictable [5,6], there is no scientific literature available that
relates quit attempts to categories of interventions to show which
interventions are popular among smokers. Although there is a
worldwide growing uptake of eHealth interventions, objective
scientific data about who uses these kinds of interventions and
the success of these interventions are almost nonexisting, despite
international efforts to gather these data [7-9].

Mobile Cessation Apps
Recent studies identify a growing body of literature concerning
various types of health care apps, resulting in several
classifications and taxonomies [10-12]. One of the more recent
types of eHealth interventions used for smoking cessation is
cessation apps. As Eysenbach [13] noted in 2001, eHealth
applies to the dynamic environment in which more is
encompassed than just the internet and medicine, which is
certainly true for the upcoming mHealth apps that are now part
of the broader eHealth environment. There are several mobile
phone apps for cessation available to a broad audience; however,
results show [8] that most of them are not based on scientific,
established guidelines for smoking cessation and do not have
a tailored approach meeting individual needs. Due to this gap
in the existing literature, the objective of our study was to
develop a cessation app based on behavioral strategies and a
user-centered approach. In this paper, we report on the
characteristics of the potential end users for our mHealth
cessation app.

Mobile apps on mobile devices (such as mobile phones and
tablets) are fairly common. Research on mobile cessation apps
has shown that the number of cessation apps available to
consumers and their use are rising steadily [8,9,14,15]. An
explanation for this growth can be found in the market potential
for cessation apps, as smokers are likely to own a mobile phone,

and smokers who intend to quit use their mobile phone more
frequently than smokers who have no intention to quit [16].

Studies on cessation apps focus on different outcomes such as
app usage [17-19], changes in psychological state related to
cessation behavior [20-22], and satisfaction with the treatment
with an app [18,20]. To date, effectiveness outcomes have been
reported in 3 studies with self-reported abstinence [17,18,20,23],
and 1 study protocol with biochemically validated abstinence
outcome was found [22]. Thus, although an initial body of
research on the use of cessation apps exists, little is known about
the factors that influence the use of cessation apps and the
characteristics of the users of these mHealth apps.

Studies [18] show that 50% of users found a cessation app useful
as a means of support to quit smoking. In addition, participants
have been given the choice to use a mobile cessation app to
support them, and the result was that when given the choice,
60% of the participants actually used the mobile apps [17]. Both
studies [17,18] note that their study populations might not be
completely representative of the general smoking population
because the study populations included respondents with an
affinity for digital smoking support.

Potential Users
There is little evidence on what population of smokers uses
cessation apps and if they share characteristics that can predict
mobile cessation app use or explain why such a population is
motivated to use cessation apps [7]. The only information
available to identify the characteristics of potential users of a
smoking cessation app is evidence from the general literature
on the use of mobile apps. Research has shown that
demographics and personality characteristics are associated
with the adoption and use of mobile apps [24-30]. Income and
level of education are positively correlated with mobile phone
appropriation and adoption, whereas age is negatively correlated
with mobile phone appropriation and adoption. However, gender
is not correlated with appropriation or adoption [24,27]. We do
not know if these findings apply for potential users of mobile
cessation apps, which makes it difficult to predict the usefulness
of specific mobile app elements, such as a reward system, color
schemes, and gamification elements.

Recent findings show that the Big 5 personality traits [31] are
related to the adoption of certain categories of mobile apps [26]
or the use of a specific app such as Facebook [30,32]. The
purpose of this study is to characterize the potential end users
for a specific mHealth smoking cessation app, building on the
factors known from previous studies on general mobile apps.
However, because these are somewhat generic characteristics,
for this study, factors related to smoking behavior were added.

These specific characteristics include the level of nicotine
dependence, the number of previous quit attempts, and the
modes of cessation support used in the past. Such variables have
been shown to predict quit attempts in smokers and the
likelihood of sustaining abstinence and might therefore also
determine the decision to adopt and use a mobile cessation app.
In the context of the Integrated Change model (or I-Change
Model), these generic and smoking behavior-related
characteristics are predisposing factors, which are considered
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to be distal determinants affecting indirectly behavior through
more proximal cognitive determinants such as intention, attitude,
and self-efficacy expectancy. Although these proximal
determinants are generally considered more powerful predictors
of behavior on which the content of an app should be based,
distal determinants are particularly useful for defining the
segments of a population that should be targeted.

Research Questions
This study hypothesizes that the adoption of a mobile smoking
cessation app is associated with the personal characteristics of
smokers and ex-smokers. On the basis of evidence from past
research, we will explore the relationship between the intention
to use the app and several predisposing factors that are, in nature,
demographic (age, gender, educational level, residential area),
technology-related (personal innovativeness), or smoking
behavior-related (nicotine dependency, number of previous quit
attempts). We will also explore the relationship between the
attitude toward a mobile smoking cessation app and the
aforementioned predisposing factors.

Methods

Recruitment and Data Collection
This study used a quantitative approach by using a Web-based
questionnaire among smokers and ex-smokers from December
2015 to March 2016. The link to the questionnaire was
distributed during the entire period via different social media
(Twitter, LinkedIn, WhatsApp, etc), recruiting participants
through the digital snowballing method.

Before starting the questionnaire, the respondents read an
introductory text on the project and the context wherein the
questionnaire was taken. The participants were informed that
when they entered their name and email address at the end of
the questionnaire, they could be randomly selected to claim a
gift card.

The inclusion criteria for this study were that the participants
were able to access the Web-based questionnaire and that they
were smokers or ex-smokers. Smokers are defined as
respondents who smoked regularly at the time they completed
the questionnaire. Ex-smokers are defined as respondents who

smoked regularly but who have quit. There were no restrictions
placed on the quit date. Smokers who are currently attempting
to quit are registered as ex-smokers if their quit attempt lasted
longer than 24 hours at the time they completed the
questionnaire.

Measures
The questionnaire consisted of 8 constructs, which can be found
in Table 1. When available, we used validated scales used in
previous research on the adoption of mobile apps or cessation
behavior. The complete questionnaire can be found in
Multimedia Appendix 1.

Factor Analysis and Internal Consistency
The dependent variables were used on the scalar level. Factor
analysis was used to ensure that the measured scales are
unidimensional. The use of factor analysis is applicable, because
the sample size is larger than 500 [36]. Additionally, Cronbach
alpha was used to determine the internal consistency of the
items composing the scales for behavioral intention, attitude,
personal innovativeness, and the Fagerstrom Test of Nicotine
Dependence.

Univariate and Multivariate Ordinal Logistic
Regression
Due to the ordinal nature of the dependent variables, ordinal
logistic regression was used to measure the relationship between
the dependent and independent variables [37].The analyses were
performed with IBM SPSS statistics for Windows, version 23.0,
as the statistical package.

The associations between categorical independent and dependent
variables were tested with chi-square tests, followed by a
univariate ordinal regression model. Continuous variables were
also tested using a univariate ordinal regression model.

Variables associated with P<.05 were all entered in a
multivariate ordinal regression model. Subsequently, the
variables with the highest P value were deleted from the model
until the model fit decreased significantly.To prevent univariate
and multivariate models from becoming unstable or unreliable
because of empty cells, categories of categorical variables were
omitted or grouped together. In the Results section, these steps
are described in detail.

Table 1. Summary of study variables. N/A: not available.

ReferenceItem numberStudy variables

Independent variables

N/A1-2Current smoking status

[33]3-8Nicotine dependence

N/A9Number of quit attempts

N/A10Previous use of digital cessation support

[34]11-14Personal innovativeness of IT

N/A23-26Demographics

Dependent variables

[35]15-18Behavioral intention to use the cessation app

[35]19-22Attitude toward using the cessation app
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Results

Sample
A total of 955 respondents who met the inclusion criteria started
the Web-based survey, and 79.6% (760/955) respondents filled
out the complete survey. The questionnaire was constructed
such that research variables such as smoking characteristics,
the intention to use a mobile cessation app, and attitude toward
a mobile cessation app were at the beginning of the
questionnaire, whereas demographic information was at the end
of the questionnaire, allowing the respondents to be included
based on the inclusion criteria, regardless of the completion of
their questionnaire. Of the 955 respondents who started the
questionnaire, 73.6% (703/955) still smoked, and 26.4%
(252/955) respondents had stopped smoking. Analyses with
missing values were conducted on a list-wise deletion per
analysis. Tables 2 and 3 show the number of respondents per
variable.

A total of 898 respondents provided information about their
cessation attempt(s): 61.0% (583/955) claimed to have made
more than 1 attempt to quit smoking, 24.0% (229/955) made
only 1 attempt to quit, and 9.0% (86/955) respondents had not
yet made a quit attempt. Crosstabs of cessation attempts with
the current smoking status surprisingly revealed that of the 225
respondents who had stopped smoking, 13 respondents claimed
to have not made a quit attempt. This could be due to the
explanation of the question, which stated that a quit attempt had
to be done consciously and should have lasted longer than 24
hours. Because the questionnaire was distributed in a time period
that included New Year’s Day, the respondents might have been
in the process of their first quit attempt but not longer than 24
hours. Therefore, these respondents are treated as smokers,
without a quit attempt. The alternative would be to combine
this group of 13 respondents with the 229 respondents who
made 1 quit attempt, which would lead to a shift of 1% in the
ratios.

When asked about their previous experiences with digital
cessation support, 802 respondents provided information. A
total of 66.4% (634/955) indicated no previous experience with
digital cessation support. The most commonly used digital
cessation support was a Web-based self-management program
or cessation app, for 13.0% (124/955) respondents, followed
by looking up Web-based information about cessation, for 6.0%
(57/955) respondents, having digitally contacted a care
professional, 1.1% (10/955) respondents, and looking for
Web-based peer support (eg, through a Web-based forum), for
0.9% (9 /955) respondents.

Factor Analysis
Factory analysis was conducted to determine whether the
multi-item independent and dependent variables measured with
a Likert-scale were unidimensional. Although factor analysis
on ordinal variables has risks of over-dimensionalization [38],
considering the limited number of items (3-4) and the large
number of respondents, it is applied in this study.

All 4 items regarding behavioral intention (n=730) correlated
to at least .5, suggesting factorability [39,40]. The
Kaiser-Meyer-Olkin measure of sampling adequacy was .76,
which is above the suggested value of .6. Bartlett test of
sphericity was significant (P<.001). Communalities were all
above .5. Given these findings, factor analysis was deemed
suitable for these 4 items. Principal component analysis (PCA)
shows that the largest factor explains 72% of the variance, being
the only factor with an initial eigenvalue total higher than 1.
All items load onto a single component, with a minimum value
of .77. This leads to the conclusion that behavioral intention is
a unidimensional scale.

The items regarding attitude (n=730) correlate to at least .7,
except item 2 (min. .17). The Kaiser-Meyer-Olkin measure of
sampling adequacy was .76, which is above the suggested value
of .6. Bartlett test of sphericity was significant (P<.001).

Table 2. Descriptive characteristics of the study population (N=955).

Number of participants (%)CategoryVariable

719 (75.3)ScaleAge

719 (75.3)CategoricalGender

719 (75.3)OrdinalEducational level

719 (75.3)CategoricalResidential area

857 (89.7)OrdinalPersonal innovativeness

680 (71.2)OrdinalNicotine dependence (daytime smoking)

898 (94.0)CategoricalCurrent smoking status

898 (94.0)OrdinalNumber of quit attempts

802 (84.0)CategoricalPrevious use of digital smoking cessation support

730 (76.4)OrdinalBehavioral intention to use a mobile smoking cessation app

730 (76.4)OrdinalAttitude toward using a mobile smoking cessation app
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Table 3. Descriptive demographic characteristics of the study population (N=955). SD: standard deviation; PhD: Doctor of Philosophy.

TotalVariable

38.0 (13.6)Age, mean in years (SD)

Gender, n (%)a

470 (49.2)Female

245 (25.6)Male

4 (0.4)Invalid responses

Highest completed educational level, n (%)a

250 (26.2)Elementary school or secondary education

220 (23.0)Vocational degree

201 (21.0)Polytechnic education or university of applied science

48 (5.0)Scientific degree (Master’s and PhD)

aData missing of N=236.

Communalities were all above .8, except for item 2 (.1). These
findings suggest that factor analysis is deemed suitable, with
the indication that item 2 does not load onto the same factor as
the others. PCA confirms this point, showing that the first factor
explains 65% of the total variance, being the only factor with
an initial eigenvalue total higher than 1. All items load onto a
single component, with a minimum value of .90, except item 2
(.34). Item 2 is therefore eliminated from the scale measuring
attitude to preserve the unidimensional scale.

The personal innovativeness scale (n=857) consists of 4 items
that all correlate to at least.5. The Kaiser-Meyer-Olkin measure
of sampling adequacy was .80, which is above the suggested
value of.6. Bartlett test of sphericity was significant (P<.001).
Communalities were all above.5. Factor analysis was deemed
suitable based on these findings. PCA shows that the first factor
explains 65% of the total variance, being the only factor with
an initial eigenvalue total higher than 1. All items load onto a
single component, with a minimum value of.76. This leads to
the conclusion that personal innovativeness is a unidimensional
scale.

Research using confirmatory factor analysis on the Fagerstrom
Test of Nicotine Dependence indicates that the scale is best
modeled as 2 correlated factors with a cross-loading [39]. These
2 factors are a morning smoking factor and a daytime smoking
factor.

We performed exploratory factor analysis and found that the
Fagerstrom Test of Nicotine Dependence scale (n=680)
consisted of 6 items that loaded onto 2 different factors, with
initial eigenvalues of 2.4 and 1.1. The first factor consisted of
the following items (the rotated factor loadings are noted in
parentheses): How soon after you wake up do you smoke your
first cigarette? (.37), Which cigarette would you hate most to
give up? (.60), and Do you smoke more frequently during the
first hours after waking than during the rest of the day? (.45),
resulting in a morning smoking factor. The second factor
consisted of the following items: How soon after you wake up
do you smoke your first cigarette? (.72), On average, how many
cigarettes are you currently smoking each day? (.73), Do you
find it difficult to keep from smoking in places where it is not
allowed? (.39), and Do you smoke if you are so ill that you are
in bed most of the day? (.50), resulting in a “daytime smoking
factor” on which we will conduct our further analysis.

Internal Consistency
Both dependent variables show good internal consistency, as
shown in Table 4. The measure of attitude consists of 3 items,
after item 2 was deleted. Both variables are taken as scales in
the ordinal logistic regression analyses as follows: the scores
for each item are added together, dividing the total score by the
number of items and rounding the result to the nearest integer,
for example, 1.5 becomes 2, creating a scale with 5 categories.

Table 4. Cronbach alpha values for the scale variables.

Cronbach alphaNumber of itemsNumber of respondentsVariable

Dependent variables

.874730Behavioral intention to use

.913730Attitude toward using

Independent variables

.824857Personal innovativeness of Information Technology

.513680Morning smoking factor

.684680Daytime smoking factor
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The internal consistency of the independent variables of personal
innovativeness of Information Technology (IT), morning
smoking, and daytime smoking is shown in Table 4. The internal
consistency of the personal innovativeness scale is good,
whereas the internal consistency of morning smoking is
questionable and that of daytime smoking is acceptable. The
remainder of the analysis is therefore conducted based on the
daytime smoking factor, as this factor best captures nicotine
dependency [41,42], and morning smoking has a questionable
Cronbach alpha value of .51.

Univariate Ordinal Logistic Regression
Crosstabs between the dependent and independent variables
showed empty cells for the variables of educational level,
residential area, and previous use of digital cessation support
for both the dependent variables and the personal innovativeness
items 1, 3, and 4 on attitude . Empty cells in ordinal logistic
regression may cause goodness-of-fit predictors to become
unreliable. Univariate analysis of single personal innovativeness
items on attitude is therefore omitted. The variable educational
level was reduced to 4 categories to eliminate all empty cells:
(1) elementary school and secondary education, (2) vocational
degree, (3) polytechnic or university of applied science, and (4)
scientific degree or higher.

The variable residential area had only 1 empty cell, and the
parameter estimates showed no significant results at the level
of P<.05, making it unnecessary to reduce the number of
categories for either the dependent or independent variable. The
categories for the variable previous use of digital cessation
support are grouped into 2 groups: respondents who have used
digital cessation support (n=168) and respondents who have
not (n=634). Additionally, the categories of the dependent
variables were reduced from 5 to 3 to eliminate the remaining
empty cells: (1) agree, (2) neutral, and (3) disagree.

The results in Tables 5 and 6 should be interpreted as
corresponding to the coding of the questionnaire where favorable
outcomes (agree) were coded with low values and undesirable
outcomes (disagree) with high values. This means that an odds
ratio, OR <1 implies a positive correlation.

Table 5 shows that there is no significant effect for the odds
that males have a higher intention to use the cessation app than
females. For educational level, there is a significant effect that
smokers and ex-smokers with a lower educational level have a
higher intention to use the cessation app. For residential area,
no significant effects that smokers and ex-smokers living outside

the city limits have a higher intention to use the app than
smokers and ex-smokers living in a village or in a city were
found. The respondents who smoke but have the intention to
quit have a higher intention to use the cessation app than
ex-smokers. There is no evidence that not having the intention
to quit smoking is associated with the intention to use a mobile
smoking cessation app.

Table 6 shows that the associations found between the
independent variables and attitude are the same as the
associations between the independent variables and behavioral
intention.

Scale Ordinal Logistic Regression
As multiple items on the personal innovativeness scale and the
Fagerstrom Test of Nicotine Dependence showed significant
relationships with the dependent variables, ordinal logistic
regression is performed with the scale variables to determine
whether the results change.

Crosstabs for the personal innovativeness scale and both
behavioral intention and attitude show empty cells at the end
categories for the personal innovativeness scale. The personal
innovativeness scale is reduced to 3 categories: (1) low personal
innovativeness (ranging from 1 to 2.5), (2) average personal
innovativeness (ranging from 2.5 to 3.5), and (3) high personal
innovativeness (ranging from 3.5 to 5).

Multivariate Ordinal Logistic Regression
Multivariate ordinal logistic regression is performed with the
independent variables educational level, nicotine dependency
(daytime smoking), current smoking status, and number of quit
attempts and personal innovativeness for behavioral intention
as the dependent variable. Previous use of digital cessation
support, although significant, is omitted from the multivariate
analysis because the outcome measures were adjusted to reduce
the number of empty cells. Analysis on the dependent variable
of attitude includes the same independent variables, excluding
educational level because of an unacceptable goodness-of-fit.

Multicollinearity tests for both behavioral intention and attitude
as the dependent variable show that current smoking status has
a tolerance of 0.012 (behavioral intention) and 0.011 (attitude)
and variance inflation factor scores >10. The variable is
therefore omitted from the multivariate analysis on both
dependent variables because its predictability is largely
accounted for by the other variables.
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Table 5. Univariate ordinal regression analyses on behavioral intention. An odds ratio lower than 1 positively correlates with the independent variable.

Odds ratio (95% CI)Variable

1.00 (0.99-1.01)Age (n=715)

Gender (n=715)

0.94 (0.70-1.26)Male

1 (0)Female (base level)

Educational levela (n=711)

0.48 (0.30-0.76)Elementary + secondary education

0.51 (0.33-0.81)Vocational degree

0.52 (0.33-0.83)Polytechnic + university applied sciences

1 (0)Scientific education (base level)

Residential area (n=717)

1.73 (0.78-3.80)City

1.66 (0.73-3.76)Village

1 (0)Outside city/village limits (base level)

Personal innovativenessa (n=730)

0.31 (0.21-0.49)High

0.47 (0.33-0.67)Moderate

1 (0)Low (base level)

0.89 (0.77-0.89)Nicotine dependencya, daytime smoking; 0=low dependency (n=554)

Current smoking statusa (n=730)

0.21 (0.15-0.29)Smokes but intention to quit

1.29 (0.82-2.03)Smokes and no intention to quitb

1 (0)Quit smoking (base level)

Number of quit attemptsa (n=730)

3.38 (2.12-5.40)0

1.38 (1.00-1.90)1

1 (0)More than 1 (base level)

Previous use of digital cessation supporta (n=657)

0.48 (0.33-0.71)Has experience with digital cessation support; 0=has experience

1 (0)No experience (base level); 1=no experience

aP value <.05.
bNo significant results due to goodness of fit.
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Table 6. Univariate ordinal regression analyses on attitude. An odds ratio lower than 1 positively correlates with the independent variable.

Odds ratio (95% CI)Variable

1.00 (0.99-1.01)Age (n=715)

Gender (n=715)

0.92 (0.68-1.24)Male

1 (0)Female (base level)

Educational levela (n=711)

0.61 (0.38-0.98)Elementary + secondary education

0.60 (0.38-0.96)Vocational degree

0.58 (0.36-0.93)Polytechnic + university applied sciences

1 (0)Scientific education (base level)

Residential area (n=717)

1.24 (0.56-2.75)City

1.33 (0.58-3.06)Village

1 (0)Outside city/village limits (base level)

Personal innovativenessb (n=730)

0.24 (0.16-0.36)High

0.44 (0.31-0.63)Moderate

1 (0)Low (base level)

0.82 (0.76-0.89)Nicotine dependencyb, daytime smoking; 0=low dependency (n=554)

Current smoking statusb (n=730)

0.23 (0.16-0.32)Smokes but intention to quit

1.28 (0.82-2.00)Smokes and no intention to quitb

1 (0)Quit smoking (base level)

Number of quit attemptsb (n=730)

3.21 (2.02-5.12)0

1.67 (1.20-2.32)1

1 (0)More than 1 (base level)

Previous use of digital cessation supportb (n=657)

0.31 (0.18-0.51)Has experience with digital cessation support

1 (0)No experience (base level) 1

aNo significant results due to goodness of fit.
bP value <.05.

Tables 7 and 8 should be interpreted in the same manner as
Tables 5 and 6, with OR<1 meaning a positive correlation with
the dependent variable. Table 7 shows the outcome of the ordinal
logistic regression of the variables on behavioral intention,
which included 540 respondents. Educational level is the only
nonsignificant variable (P=.67 for polytechnic or university of
applied science, P=.262 for vocational degree, and P=.157 for
elementary school and secondary education, measured against
scientific education as the base level).

Table 8 shows the outcome of the regression with attitude as
the dependent variable (n=554). All independent variables
remain as unique predictors of the respondent’s attitude toward
the use of a cessation app. The respondents who score high on
personal innovativeness are the most positive toward the use
of a cessation app compared with respondents who score low
on personal innovativeness. The respondents who have not
made a quit attempt are more negative toward the use of a
cessation app compared with respondents who have attempted
to quit more than once.
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Table 7. Results of the multivariate ordinal logistic regression on behavioral intention (n=540). An odds ratio lower than 1 positively correlates with
the independent variable.

Odds ratio (95% CI)Variable

Educational level

0.64 (0.35-1.19)Elementary + secondary education

0.71 (0.39-1.29)Vocational degree

0.57 (0.31-1.04)Polytechnic + university applied sciences

1 (0)Scientific education (base level)

Personal innovativenessa

0.26 (0.16-0.40)High

0.40 (0.26-0.61)Moderate

1 (0)Low (base level)

0.83 (0.77-0.90)Nicotine dependencya, daytime smoking; 0=low dependency

Number of quit attemptsa

4.07 (2.37-7.01)0

1.67 (1.13-2.48)1

1 (0)More than 1 (base level)

aP value <.05.

Table 8. Results of the multivariate ordinal logistic regression on attitude (n=554). An odds ratio lower than 1 positively correlates with the independent
variable.

Odds ratio (95% CI)Variable

Personal innovativenessa

0.23 (0.14-0.36)High

0.39 (0.26-0.61)Moderate

1 (0)Low (base level)

0.84 (0.77-0.91)Nicotine dependencya, daytime smoking; 0=low dependency

Number of quit attemptsa

3.48 (2.04-5.94)0

1.75 (1.18-2.60)1

1 (0)More than 1 (base level)

aP value <.05.

Discussion

Potential Users of mHealth Cessation Apps
This study presents a conceptualization of the characteristics of
potential end users for a specific mHealth cessation app. By
providing a comprehensive overview of the characteristics that
influence mHealth app acceptance and behavioral intention
from a wide variety of disciplines relevant for health technology
acceptance behavior, we tried to provide more insight into the
specific variables that can play a role in the complex process
of peoples’ technology use for health-related reasons.

Our data were based on a large sample of Dutch smokers and
ex-smokers (n=955) in which several categories of variables
yielded interesting results. First, correlations were found

between the number of quit attempts, nicotine dependency,
previous use of digital cessation support, and personal
innovativeness on attitude toward using a cessation app and the
intention to use a cessation app. This shows that smokers, with
high dependency and experience with failed attempts, are aware
of the need to seek support in attempting to quit. First-time
quitters lack this awareness and may need to be targeted with
more persuasive messages from either human
(professional/private) or digital channels to help them become
aware of using an mHealth app for smoking cessation.

This study showed that no significant relationship between
demographic characteristics and attitude toward or intention to
use a cessation app exists. These findings are supported by a
similar study [7] that found similar results based on real
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cessation app data in Australia, the United States, and the United
Kingdom.

Second, examining smoking-related characteristics, we found
that the total number of quit attempts and the score on the
Fagerstrom test for daytime smoking positively correlated with
the attitude toward and intention to use a cessation app.
Therefore, it is believed that the findings of this study can
provide a basis for the further development of a model that may
deepen our understanding of the influence of several factors on
people’s use of mHealth apps.

Study Limitations
Despite the results indicating that the number of quit attempts
is positively associated with the intention to use and the attitude
toward a cessation app, the definition of “quit attempt” in this
study, though not uncommon [43,44], is chosen somewhat
arbitrarily. First, the respondents were instructed to count a quit
attempt when they did not smoke for over 24 hours. Second,
the respondents were counted as ex-smokers when they had not
smoked within the past 24 hours. Third, 13 respondents out of
225 provided inconsistent data on their current smoking status
and number of quit attempts, stating that although they quit
smoking, they did not make a quit attempt.

Moreover, due to some limitations of the dataset caused by
empty cells in the ordinal regression analysis, certain

correlations could not be analyzed. For example, although
personal innovativeness positively correlates with intention to
use and attitude toward using, whether there is a correlation
between personal innovativeness and the previous use of digital
support, which could explain the positive correlation with
intention to use and attitude toward using, could not be
established.

Another study limitation is that the respondents in this study
were mostly recruited through Web-based media, such as email
and social media. This might have created a sample biased
toward the use of digital means, such as a mobile cessation app.
The generalizability of the results is therefore limited.

Conclusions
This study showed that personal factors influence the adoption
of a mobile smoking cessation app. Demographics did not seem
to correlate with the intention to use or the attitude toward using
a mobile smoking cessation app. Personal characteristics related
to smoking or quitting behavior as well as personal
innovativeness correlated with the adoption of a mobile smoking
cessation app. This study provides useful insights into the
concept of an mHealth app for smoking cessation from a user
perspective. Future research could employ a study to investigate
the potential influence that personal characteristics have on the
adoption of mHealth apps to increase the satisfaction and
effectiveness of mHealth interventions.
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Abstract

Background: The early diagnosis of melanoma is associated with decreased mortality. The smartphone, with its apps and the
possibility of sending photographs to a dermatologist, could improve the early diagnosis of melanoma.

Objective: The aim of our review was to report the evidence on (1) the diagnostic performance of automated smartphone apps
and store-and-forward teledermatology via a smartphone in the early detection of melanoma, (2) the impact on the patient’s
medical-care course, and (3) the feasibility criteria (focusing on the modalities of picture taking, transfer of data, and time to get
a reply).

Methods: We conducted a systematic search of PubMed for the period from January 1, 2007 (launch of the first smartphone)
to November 1, 2017.

Results: The results of the 25 studies included 13 concentrated on store-and-forward teledermatology, and 12 analyzed automated
smartphone apps. Store-and-forward teledermatology opens several new perspectives, such as it accelerates the care course (less
than 10 days vs 80 days), and the related procedures were assessed in primary care populations. However, the concordance
between the conclusion of a teledermatologist and the conclusion of a dermatologist who conducts a face-to-face examination
depended on the study (the kappa coefficient range was .20 to .84, median κ=.60). The use of a dermoscope may improve the
concordance (the kappa coefficient range was .29 to .87, median κ=.74). Regarding automated smartphone apps, the major
concerns are the lack of assessment in clinical practice conditions, the lack of assessment in primary care populations, and their
low sensitivity, ranging from 7% to 87% (median 69%). In this literature review, up to 20% of the photographs transmitted were
of insufficient quality. The modalities of picture taking and encryption of the data were only partially reported.

Conclusions: The use of store-and-forward teledermatology could improve access to a dermatology consultation by optimizing
the care course. Our review confirmed the absence of evidence of the safety and efficacy of automated smartphone medical apps.
Further research is required to determine quality criteria, as there was major variability among the studies.

(J Med Internet Res 2018;20(4):e135)   doi:10.2196/jmir.9392
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Introduction

Background
The incidence of melanoma has increased in all Western
countries over the last 30 years and has increased 3 to 5 times
depending on the country [1,2], presently affecting 13.8 people
in North America, 14.6 in northern Europe and 35.1 out of the
100,000 people in Australia [1,2]. Melanoma 5-year survival
depends on the stage at the time of diagnosis, decreasing by
84% at a localized stage to 13% at the metastatic stage [2]. It
is therefore essential that clinicians and policy makers
concentrate their efforts to ensure early detection of the disease
[3]. Numerous factors associated with a delayed diagnosis are
patient-related [4-12]. Other factors are related to the opportunity
to consult a dermatologist rather than a general practitioner
[4,13]. However, various authors have reported difficulties in
obtaining an appointment with a dermatologist [12,14-17].

Many countries have tested the use of telemedicine in
dermatology as a way to increase access to health care services
when distance is a critical factor [18-26]. Telemedicine in
dermatology can be based either on videoconferences or on
store-and-forward teledermatology procedures.
Videoconferences, which allow a patient and a dermatologist
to be connected for a consultation, are time-consuming for the
dermatologist and may require an expensive setup [20,27].
Store-and-forward teledermatology procedures are based on
sending information and photographs to a dermatologist for a
deferred medical opinion [20].

Although smartphones have now revolutionized the daily life
of physicians in all Western countries [19,24,28,29], one issue
is to determine whether smartphone use has been assessed for
store-and-forward teledermatology procedures. As various apps
exist that provide scores, decision aids, and management advice,
an alternative both to videoconferences and to store-and-forward
teledermatology might be automated smartphone apps with no
need of a dermatologist opinion. An issue to be addressed is
whether such apps can help in the early diagnosis of melanoma.

Objective
We initiated a review focusing on the use of a smartphone in
sustaining melanoma early detection (either store-and-forward
teledermatology or automated apps). The aim was to report
evidence on (1) the diagnostic performance of the procedures,
(2) the impact on the patient’s medical-care course and delays
before the dermatological consultation, and (3) the limitations
of either store-and-forward teledermatology or automated apps.

Methods

This review was conducted according to the key steps required
for systematic reviews [30]. Considering that evidence might
be sparse, the literature review was based on a broad scope and
was not restricted to randomized controlled trials.

Study Identification and Selection
We conducted a systematic search of PubMed for the period
from January 1, 2007 (launch of the first smartphone) to
November 1, 2017. The keywords were as follows: [smartphone

OR cell phone OR remote OR telemedicine] AND [dermatology
OR skin disease OR melanoma OR skin neoplasm OR skin
abnormalities]. We also searched the reference lists of reviews
and studies identified during the initial search by hand. Abstracts
and full texts were reviewed independently by 2 reviewers (SH
and JR) for inclusion. Any disagreements on inclusion or
exclusion were resolved by consensus, and a third reviewer
(CR) was consulted to resolve any remaining disagreements.

Inclusion and Exclusion Criteria
In this manuscript, the term “smartphones” refers to mobile
phones that have an internet data communication system and a
digital camera (compared to mobile phones that would not have
these two specific devices). The inclusion criteria for the studies
included in this review were as follows: (1) photographs
concerning pigmented suspicious lesions, (2) photographs taken
or analyzed using a smartphone, (3) patients older than 18 years,
(4) studies written in French or English, and (5) abstracts
available.

The exclusion criteria were (1) no use of a smartphone, (2) the
research area was not related to melanoma early detection, (3)
dermatology teleconsultation in the form of a videoconference,
(4) study based on histology, (5) studies consisting of assessing
patients or caregivers’ preferences through interviews or
surveys, and (6) an editorial or a letter to the editor.

Considering that evidence might be sparse, the literature review
was based on a broad scope and the inclusion criteria were not
restricted to a “Patients Intervention Comparison Outcome”
presentation [30].

Data Extraction and Synthesis
Studies were critically appraised by 2 reviewers (SH and JR),
and discrepancies were resolved by consensus. The studies were
first classified by the type of procedure assessed (app or
store-and-forward teledermatology). Then the following data
were extracted, such as design, population of the sample,
whether the study had been conducted in the context of primary
care, whether it was a descriptive or comparative study, and
main outcome measures (Tables 1 and 2).

The main outcomes in studies focusing on store-and-forward
teledermatology were either (1) the diagnostic concordance
between the teledermatology procedure and the reference (the
kappa coefficient of concordance is a measure of agreement
between 2 raters, based on the following formula [(observed
probability–expected probability)/(1–expected probability)]) or
(2) the impact on the patient’s medical-care course and delays
before dermatological consultation. The proportion of
uninterpretable photographs was also reported.

The main outcomes in studies focusing on apps were sensitivity
(defined as the number of true positive assessments/number of
all positive assessments), specificity (defined as the number of
true negative assessments/number of all negative assessments),
and accuracy (defined as the number of correct
assessments/number of all assessments). The proportion of
uninterpretable photographs was also reported. When necessary,
the authors were contacted to obtain information not reported
in the studies.
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Analysis of Bias
We assessed the risk of bias using the quality assessment of
diagnostic accuracy 2nd edition (QUADAS-2) [55]. The
reporting of risk of bias focused on patient selection, index test,
reference standard, and flow and timing. For each item, signaling

questions helped to estimate whether the risk of bias was low
or high. Unclear was used if no information was available. The
applicability of the study intervention was also assessed using
QUADAS-2, focusing on patient selection, index test, and
reference standard.

Table 1. Studies based on store-and-forward teledermatology procedures (design, patients, comparison, and outcome). N/A: not applicable. RCT:
randomized controlled trial.

Main outcomesComparisonPopulation of samplePatients,

n (%)

DesignAuthors

Store-and-forward teledermatology without teledermoscopy

ConcordanceFace to facePatients at an elevated risk of melanomaN/AProspective studyBoyce et al, 2011 [31]

ConcordanceFace to facePatients from a melanoma screening
campaign

1 (0.7)Prospective studyLamel et al, 2011 [32]

ConcordanceFace to facePatients at an elevated risk of melanoma1 (1)RCTJanda et al, 2014 [33]

Store-and-forward teledermatology that included teledermoscopy

Secondary care
referral

Face to facePatients recruited in primary care centers22 (11.3)Quasi-experimentFord et al, 2015 [34]

ConcordanceFace to faceaPatients referred for an excision12 (17)Prospective studyBörve et al, 2013 [29]

DelaysTeledermatology
versus paper referral

Patients recruited in primary care centers55 (3.52)Quasi-experimentBörve et al, 2015 [35]

Feasibility and
delays

No comparisonPatients from a melanoma screening
campaign

1 (0.3)Descriptive studyHue et al, 2016 [36]

FeasibilityNo comparisonPatients at an elevated risk of melanomaN/ADescriptive studyJanda et al, 2013 [37]

ConcordanceFace to faceaPatients referred to the dermatologist6 (5)Prospective studyKroemer at al, 2011 [38]

ConcordanceFace to facePatients with a dermatological follow-up0 (0.0)RCTManahan et al, 2015 [39]

ConcordanceFace to faceaPatients from a melanoma screening
campaign

1 (0.05)Prospective studyMarkun et al, 2017 [40]

ConcordanceFace to facePatients with a dermatological follow-up2 (11)Prospective studyMassone et al, 2007 [41]

ConcordanceFace to facePatients with a dermatological follow-upN/AProspective studyWu et al, 2015 [42]

aFor these studies, suspicious lesions were referred for excision and histopathology results were analyzed as a secondary outcome in the study.
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Table 2. Studies based on automated smartphone apps (design, photographs and patients, comparison, and outcomes). N/A: not applicable.

Main outcomesComparisonPatients, N (characteristics)n (%)aDesignAuthors

Photographs issued from a database

AccuracybHistopathologyN/A29 (36)Case-control studyDo et al, 2014 [43]

AccuracybClinical evaluationN/A800 (26.67)Case-control studyDoukas et al, 2012 [44]

Sensitivity, SpecificityHistopathologyN/A93 (100)Descriptive studyFerrero et al, 2013 [45]

Sensitivity, SpecificityUnclearN/A46 (55)Case-control studyRamlakhan et al, 2011 [46]

Sensitivity, SpecificityHistopathologyN/A388 (29.85)Case-control studyWadhawan et al, 2011a [47]

Sensitivity, SpecificityHistopathologyN/A110 (31.7)Case-control studyWadhawan et al, 2011b [48]

Sensitivity, SpecificityHistopathologyN/A60 (31.9)Case-control studyWolf et al, 2013 [49]

Photographs taken of patients in real condition

Sensitivity, SpecificityTeledermatologistcN/A (referred for an excision)9 (28)Prospective studyDorairaj et al, 2017 [50]

Sensitivity, SpecificityFace to facec
N/A (with a dermatological fol-
low-up)26 (18.1)Prospective studyMaier et al, 2015 [51]

Sensitivity, SpecificityTeledermatologist
30 (with a dermatological follow-
up)1 (2)Prospective studyNgoo et al, 2017 [52]

Sensitivity, SpecificityFace to facec31 (referred to the dermatologist)2 (6)Prospective studyRobson et al, 2012 [53]

Sensitivity, SpecificityFace to facec
256 (referred to the dermatolo-
gist)6 (1.8)Prospective studyThissen et al, 2017 [54]

aIncluded photographs, proportion with melanoma.
bAccuracy=(True Negatives+True Positives)/(True Negatives+True Positives+False Negatives+False Positive).
cFor these studies, suspicious lesions were referred for excision and histopathology results were analyzed as a secondary outcome in the study.

Results 

Overview
In total, 1450 titles and abstracts were screened for eligibility,
utilizing the inclusion and exclusion criteria. A previous review
was identified [2] and the related studies from the references
list were included in this review. A total of 25 studies
[29,31-54,56] were included in the review (Figure 1). Of these,
15 studies had been published as original papers
[29,31,32,34-36,38-42,49,51,52,54], 5 were conference papers
[43,44,46-48] and 5 were research letters [33,37,45,50,53]. In
these, 12 studies had been conducted in European countries,
that is, Great Britain [34,53], Austria [38,41], Sweden [29,35],
Ireland [50], Germany [51], Switzerland [40], Greece [44], the
Netherlands [54], and France [36]; 7 in United States of America
[32,42,45-49]; 5 in Australia [31,33,37,39,52]; and one in
Singapore [43].

Store and Forward Teledermatology
A total of 13 studies assessed store-and-forward teledermatology
[29,31-42] (Table 1). There were 12 studies that specified the
smartphone model used, that is, 9 tested iPhones
[29,33-37,39,40,42] and 3 tested other brands of telephones
[32,38,41].

The study population were patients recruited in primary care in
9 studies, that is, either in the context of a screening campaign

[32,36,40] or during targeted screening focusing on patients at
an elevated risk of melanoma [31,33,37] or during opportunistic
screening conducted in general practice [34,35,38]. For the other
4 studies, the patients had already consulted a dermatologist
[29,39,41,42]. The prevalence of melanomas in the related
populations varied greatly, ranging from 0% [39] to 17.3% [29].

Ten studies compared the conclusion of the teledermatologist
with the conclusion of a dermatologist who conducted a
face-to-face examination (Table 1). There were 2 studies that
focused on feasibility without providing any comparison [36,37].
From the 13 studies conducted, 10 studies used a mobile
teledermoscope [29,34-42], whereas 3 studies only transferred
the pictures taken without the teledermoscope [31-33].

There were 7 studies that provided information on diagnostic
concordance for store-and-forward teledermatology based solely
on clinical photographs. The diagnostic concordance between
the conclusions of the teledermatologist and the dermatologist
(face-to-face) ranged from 62% [32] to 89% [41]. This
concordance was analyzed further using the kappa coefficient
[29,31,32,38-40,42], which ranged from .20 [40] to .84 [38].
Börve reported 58% concordance between the conclusions of
2 independent teledermatologists [29]. Focusing on whether the
patients could take pictures of their lesions themselves, Boyce
et al reported 69% concordance between the conclusion of a
dermatologist (face-to-face) and the conclusion of a
teledermatologist (κ=.23) [31].

J Med Internet Res 2018 | vol. 20 | iss. 4 |e135 | p.210http://www.jmir.org/2018/4/e135/
(page number not for citation purposes)

Rat et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Flowchart of studies identified in this systematic review focusing on the use of smartphones in the early detection of melanoma. IMRAD:
Introduction, Methods, Results, And Discussion.

For teledermatology based on pictures taken with a
teledermoscope, the diagnostic concordance between the
teledermatologist’s conclusions and the conclusion of a
dermatologist (face-to-face) ranged from 51% [29] to 97% [42].
The kappa coefficient varied from .29 [40] to .87 [42]. Massone
reported 94% concordance between the conclusions of 2
independent teledermatologists who analyzed photographs taken
using a teledermoscope [41]. Focusing on whether the patients
could take pictures of their lesions themselves, Manahan and
Wu reported concordance ranging from 90% [39] to 97% [42]
when the patient used a teledermoscope.

There were 4 studies that reported an acceleration in the
management of patients when malignancy was suspected
[29,34,36,40]. Börve reported reduced delays in obtaining an
appointment (delays shorter than 2 days compared with delays
longer than 80 days), a reduced delay for surgical management
(36 days vs 85 days), and a lower Breslow index at the time of
the diagnosis [29]. Hue reported that patients with a highly

suspicious lesion were asked to return within less than 10 days
[36]. There were 3 studies [35,36,40] that reported a decrease
(40%, 53%, and 74%, respectively) in the proportion of patients
referred to a dermatologist, whereas Ford reported a slight
increase in referrals (an increase of 2.11 per 1000 patients) [34].

The proportion of uninterpretable images due to their poor
quality was, on average, less than 20% [29,40,42]. Only
Massone et al (2007) reported a higher percentage of
poor-quality images of 70% [41]. However, only a minority of
authors provided information on the modalities for picture
taking. A total of 4 studies specified the size of the pictures
from 1024×766 to 2592×1224 pixels. Following contact with
the authors, the following information on the modalities were
collected, that is, the number of pictures could vary from 1 to
12 pictures per lesion [33,39], pictures were taken at a distance
of 10 to 30 cm from the skin [29,40], authors reported taking
one close-up picture and another of the surrounding area
[36,40,41], and specified the lighting conditions (“strong light”
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[39], “day light” [41], “maximal light” [29]), neutral background
[29,40], use of the zoom [41] or macro mode [40,41], and use
of the autofocus [29,38,41]). There were 4 authors who reported
the time required to take the picture that is, ranging from a few
seconds to less than 4 min [29,34-36]. The photographer was a
professional in most cases, that is, either a dermatologist
[29,38,41], a general practitioner [35], or another professional
[32,40]; however, 6 studies reported that the picture was taken
by the patient or a family member [31,33,37,39,42]. The notion
of encrypting data was not approached systematically. Following
individual contact, 8 authors reported encryption of the data,
either through the app or through anonymity
[29,31,32,34-36,39,40,42]. A total of 8 studies used email for
transferring the data [29,31,33-35,37,39,42], and 7 used an
encrypted platform [29,32,34-36,40,42].

Analysis of bias is provided in Table 3. The risk of bias related
to patient selection was high, as patients who participated were
either volunteers or chosen by doctors in consultation, but no
study was based on a random sample. In 2 studies, the same
dermatologist participated in both, the store-and-forward
teledermatology procedure and the face-to-face clinical
evaluation, with insufficient washout, so that the risk of bias
related to the test index was high. The final analysis of the
studies did not include all the recruited patients so that the risk
of bias of flow and timing was high. Applicability was good.

Automated Smartphone Apps
A total of 12 studies assessed the performance of automated
smartphone apps [43-54] (Table 2), that is, 1 study compared
the conclusions of an automated app with the conclusions of a
dermatologist who conducted a face-to-face examination [51],
1 study compared the conclusions of an automated app with the
conclusions of a teledermatologist [52], 7 studies analyzed the
images of an already classified data bank [43-49], and the 3 last
ones compared the conclusion of an automated app, both with
the pathological report (after excision of the lesion) and with
the conclusion of teledermatologists [50,53,54].

Among the 5 studies based on taking a photograph [51-54], 4
tested iPhones [51-54], 1 tested other brands of telephones [52],
and the brand of the telephone was not specified in the last study
[50]. The photographer was a dermatologist [53,54] or another
professional [50-52].

Participants who were recruited in studies assessing automated
smartphone apps were highly selected. Among the 8 studies
based on photographs issued from a database, the proportion
of melanoma ranged from 26.7% [44] to 100% [45]. Among
the 5 studies based on taking a photograph, 2 studies included
patients from a primary-care setting recruited during an
opportunistic screening campaign conducted in general practice

[53,54]. For the other 3 studies that included patients, the
patients had already consulted a dermatologist [50-52]. The
prevalence of melanomas in the related populations ranged from
1.8% [52,54] to 28.1% [50].

The performance of the automated smartphone apps were
assessed by referring either to their capacity to classify the
lesions at risk [43,45,47,49-54], or to their diagnostic capacity
[44,46,48] (Table 2). The references used could be either the
histology results in 5 studies [43,45,47-49], the
teledermatologist’s conclusion in 2 studies [50,52], or the
dermatologist (face-to-face) conclusion in 3 studies [51,53,54].
For 2 studies, the authors referred to histology-based diagnosis
without describing how they obtained the histopathological
conclusion [44,46].

A total of 5 studies assessed the apps used in real conditions
[50-54]. In 4 studies, the images came from medical [43,45,49]
or commercial [47,48] data banks, whereas no details on the
photograph data banks were provided for 2 studies [44,46]. The
sensitivity ranged from 7% to 87% [48,49], and the specificity
ranged from 9% to 100% [50,52]. Only 2 studies described the
area under the curve [44,48], providing a better comparison of
results. One study reported a kappa coefficient of concordance
between the opinion of the app and that of a dermatologist [52].

None of the studies that assessed automated smartphone apps
reported an impact on the patient’s medical-care course.

Analysis provided by automated smartphone apps were made
difficult by ulcerated, blood stained, speckled or tanned areas,
the presence of hair, or several lesions on the same photograph.
There were 5 studies that had a proportion ranging from 11%
to 30% of the lesions that could not be analyzed because of
technical problems other than the problems related to the quality
of the initial photograph [45,49-51,53]. There were 4 studies
based on apps which reported that the time required to analyze
the pictures was less than 10 seconds [44,46-48]. The notion of
encrypting data was not approached systematically. Following
individual contact, 2 authors [52-54] reported encryption of the
data, either through the app or through anonymity.

The analysis of bias is provided in Table 4. For studies based
on photographs from databank, references were unknown and
the risks of bias for patient selection were high. Applicability
related to the patient selection was highly concerning.
Automated apps had no information on the diagnosis so that
the risk of bias related to the test index was low. In 3 studies,
pictures were modified before intervention so that the
applicability related to the index test was not good. All the
photographs were not analyzed so that the risk of bias related
to flow and timing was high.
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Table 3. Studies based on store-and-forward teledermatology procedures. Risk of bias assessment according to quality assessment of diagnostic accuracy
2nd edition (QUADAS-2).

Applicability concernsRisk of biasAuthors

Reference
standard

Index testPatient selectionFlow and
timing

Reference
standard

Index testPatient selection

Store-and-forward teledermatology without teledermoscopy

LowLowLowHighLowLowHighBoyce et al, 2011 [31]

LowLowLowLowLowLowHighLamel et al, 2011 [32]

LowLowLowLowHighLowHighJanda et al, 2014 [33]

Store-and-forward teledermatology that included teledermoscopy

LowLowLowHighLowLowLowFord et al, 2015 [34]

LowLowHighLowLowLowHighBörve et al, 2013 [29]

LowLowLowHighLowLowHighBörve et al, 2015 [35]

LowLowLowHighLowLowHighHue et al, 2016 [36]

LowLowLowHighLowLowHighJanda et al, 2013 [37]

LowLowLowHighLowHighHighKroemer at al, 2011 [38]

LowLowLowHighLowLowHighManahan et al, 2015 [39]

LowLowLowHighLowHighHighMarkun et al, 2017 [40]

LowLowLowLowLowLowHighMassone et al, 2007 [41]

LowHighLowHighLowLowHighWu et al, 2015 [42]

Table 4. Studies based on automated smartphone apps. Risk of bias assessment according to quality assessment of diagnostic accuracy 2nd edition
(QUADAS-2).

Applicability concernsRisk of biasAuthors

Reference
standard

Index testPatient selectionFlow and
timing

Reference
standard

Index testPatient selection

Photographs issued from a database

UnclearLowHighUnclearUnclearLowHighDoukas et al, 2012 [44]

LowHighHighUnclearLowLowHighDo et al, 2014 [43]

LowLowHighHighLowLowHighFerrero et al, 2013 [45]

UnclearLowHighHighUnclearLowHighRamlakhan et al, 2011 [46]

LowHighHighHighLowLowHighWadhawan et al, 2011a [47]

LowHighHighHighLowLowHighWadhawan et al, 2011b [48]

LowHighHighHighLowLowHighWolf et al, 2013 [49]

Photographs taken of patients in real condition

LowLowHighHighLowLowHighDorairaj et al, 2017 [50]

LowLowHighHighLowLowHighMaier et al, 2015 [51]

LowLowLowHighLowLowHighNgoo et al, 2017 [52]

LowLowLowHighUnclearLowHighRobson et al, 2012 [53]

LowLowLowLowUnclearLowHighThissen et al, 2017 [54]

Discussion

Store-and-forward teledermatology opens several perspectives,
that is, it accelerates the care course, and various studies were
performed in primary care populations. However, the
concordance between the conclusion of a teledermatologist and

the conclusion of a dermatologist who conducts a face-to-face
examination depended on the study (the kappa coefficient range
was .20 to .84, median κ=.60). The use of a dermoscope may
improve the concordance (the kappa coefficient range was .29
to .87, median κ=.74). Regarding automated smartphone apps,
the major concerns are their low sensitivity, the lack of
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assessment in clinical practice conditions, and the lack of
assessment in primary care populations.

In a study recently published in Nature, Esteva et al reported
that an artificial neuronal network had a better capacity to
recognize melanomas than a dermatologist [56]. However, the
automated apps available on a smartphone in 2017 do not
provide such expertise. Our review shows that the existing
automated smartphone apps are unreliable. Some apps have a
low diagnostic sensitivity that may induce false negatives and
erroneously reassure patients who may then not consult a
specialist [50]. Certificates do not guarantee good diagnostic
performance [54]. Greater control by administrative authorities
is necessary [45,57,58].

This literature review suggests that teledermatology decreases
the delays in the management of melanoma lesions
[34-36,40,59], reduces the referrals to a dermatologist by
avoiding unnecessary consultations [35,36,40] and limits the
number of patients lost from follow-up [36,60]. Moreno-Ramirez
et al confirmed this point during an experimental
teledermatology program without a smartphone [61]. Other
authors have not been as optimistic and suggested that the many
false negatives and easy access to a dermatologist’s opinion
may increase the number of secondary consultations [34].

Large variations in the kappa concordance coefficient might be
related to the range of melanoma prevalence (depending on the
recruited population). On the one hand, this result should lead
to multiple studies in the general population to assess the
performance of the procedures in a primary care setting. On the
other hand, this review emphasizes that the publication of data
related to up-to-date technologies is a challenge in
teledermatology [20,62]; it is notable that up to 70% of the
photographs were of poor quality in a study performed in 2007
[41], whereas all photographs were interpretable in 2016 [54].

The importance of training the person taking the photograph
has been underlined [33,35-37,40], especially when a
dermoscope is used [63]. Today, it is surprising to note that no
standards for taking photographs exist [62,64]. Our review
identified a few characteristics related to the quality of the
photographs, such as several views of the same lesion, close-up
and distant pictures, use of the autofocus and macro mode, a
neutral background, and good lighting. The homogenization of
practices based on these quality criteria is required to obtain
better study reproducibility.

This review recalls that to give an opinion solely based on
photographs, whatever their quality, is a challenge for
dermatologists [29,41,63]. For example, the absence of palpation
is one of the limitations of teledermatology. Thissens’s study
noted the need to obtain supplementary clinical information
[54].

General practitioners and patients are likely to omit suspect
lesions [31,33,39]. This limitation, which has been described
in general practice [13,65], exists in teledermatology, that is,
general practitioners could miss up to 30% of melanomas [66].
Another difficulty is the omission of specific areas that are either
difficult to access, such as hair, wounds, or the ear [51,54], or
those considered sensitive (genitalia) [67,68].

Store-and-forward teledermatology is well-accepted by patients
and caregivers [59,69,70]. Patients report that one limitation of
the apps is the difficulty of not having any human contact [20].
For both procedures, a limitation is the loss of the face-to-face
patient-physician relationship, which may be critical since a
melanoma is diagnosed early, at a severe stage, or in the aging
population [59,69-71]. Positive perspectives may improve
compliance to referrals and possibilities for the patient to
participate actively in his or her health [24].

Confidentiality, security, and traceability of data exchange are
the major ethical and legal stakes [20,63,72]. Although the
abusive use of clinical photographs has become an increasing
preoccupation of health fund organizations [73], only 30% of
patients worry about the future of their photographs [74], and
our review reported that only slightly more than half of the
authors encrypted their data. Although 60% of specialists
continue to store photographs of their patients in their personal
mobile phones [72,74-77], one perspective could be to develop
recourse to encrypt the medical-image libraries [62].

This review is original because of its specific focus on (1)
melanoma early detection (mortality issues are not comparable
for other dermatological pathologies) [20,62,78,79], (2) a
primary care perspective (the sensitivity and specificity of a test
depend on the prevalence of the disease), and (3) the use of a
smartphone, that is, a tool implemented worldwide at low cost
(not comparable to other expensive videoconference procedures)
without limiting the study selection to apps [20,78-80].
However, this study had several weaknesses. First, this review
had a large scope because we hypothesized that evidence might
be sparse—the heterogeneity in study designs, the populations,
the end points, the references used, and the presentations of the
results made data comparison difficult. Second, the review was
only based on MEDLINE. Third, the selection bias was high,
and the prevalence of melanoma, which ranged from 0% to
100%, depended on the population studied. Fourth, the material
used differed from one study to the next and from year to year,
hence introducing a bias in evaluation.

Our review confirmed the absence of evidence of the safety and
efficacy of smartphone medical apps. In contrast, our review
found evidence that store-and-forward teledermatology using
smartphones may affect patients’ care courses, delays in
obtaining a dermatologist consultation, and patients’ referral to
secondary care. Further research is required to determine the
quality criteria, as there was major variability among the studies.
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Abstract

Background: Smoking in pregnancy is a major public health concern. Pregnant smokers are particularly difficult to reach, with
low uptake of support options and few effective interventions. Text message–based self-help is a promising, low-cost intervention
for this population, but its real-world uptake is largely unknown.

Objective: The objective of this study was to explore the uptake and cost-effectiveness of a tailored, theory-guided, text message
intervention for pregnant smokers (“MiQuit”) when advertised on the internet.

Methods: Links to a website providing MiQuit initiation information (texting a short code) were advertised on a cost-per-click
basis on 2 websites (Google Search and Facebook; £1000 budget each) and free of charge within smoking-in-pregnancy webpages
on 2 noncommercial websites (National Childbirth Trust and NHS Choices). Daily budgets were capped to allow the Google and
Facebook adverts to run for 1 and 3 months, respectively. We recorded the number of times adverts were shown and clicked on,
the number of MiQuit initiations, the characteristics of those initiating MiQuit, and whether support was discontinued prematurely.
For the commercial adverts, we calculated the cost per initiation and, using quit rates obtained from an earlier clinical trial,
estimated the cost per additional quitter.

Results: With equal capped budgets, there were 812 and 1889 advert clicks to the MiQuit website from Google (search-based)
and Facebook (banner) adverts, respectively. MiQuit was initiated by 5.2% (42/812) of those clicking via Google (95% CI
3.9%-6.9%) and 2.22% (42/1889) of those clicking via Facebook (95% CI 1.65%-2.99%). Adverts on noncommercial webpages
generated 53 clicks over 6 months, with 9 initiations (9/53, 17%; 95% CI 9%-30%). For the commercial websites combined,
mean cost per initiation was £24.73; estimated cost per additional quitter, including text delivery costs, was £735.86 (95% CI
£227.66-£5223.93). Those initiating MiQuit via Google were typically very early in pregnancy (median gestation 5 weeks,
interquartile range 10 weeks); those initiating via Facebook were distributed more evenly across pregnancy (median gestation
16 weeks, interquartile range 14 weeks).

Conclusions: Commercial online adverts are a feasible, likely cost-effective method for engaging pregnant smokers in digital
cessation support and may generate uptake at a faster rate than noncommercial websites. As a strategy for implementing MiQuit,
online advertising has large reach potential and can offer support to a hard-to-reach population of smokers.

(J Med Internet Res 2018;20(4):e146)   doi:10.2196/jmir.8525
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Introduction

Background
In developed countries, smoking during pregnancy is a leading
preventable cause of adverse prenatal outcomes, including
miscarriage [1], stillbirth [2,3], and prematurity [4]. It is also
associated with a wide range of infant health problems [5]. In
the United Kingdom, around 11% of women are estimated to
smoke throughout pregnancy [6], but rates rise considerably
with increasing social deprivation [6,7], standing at around 5
times higher in the most deprived women than in the least [7].
Children born to smokers are also more likely to become
smokers themselves [8]. Thus, smoking in pregnancy not only
puts great financial burden on health services but also
perpetuates and exacerbates health inequalities. Reducing its
prevalence is a public health priority [9].

Most pregnant smokers want to quit [10], and effective
interventions exist to help them [11,12]. Specialist Stop Smoking
Services in England offer free pregnancy cessation support with
proven efficacy [12]; however, uptake is low [13], with
convenience and concerns about being judged reported as
barriers to access [14]. In addition to addressing these barriers,
research efforts have also been focused on developing effective
and cost-effective “distance” alternatives that will appeal to
pregnant smokers and be used sufficiently to yield a public
health benefit. Self-help cessation support appeals to pregnant
smokers [15], and delivering self-help by mobile phone text
messaging may be helpful for this group, given its low cost,
convenience, anonymity, and wide reach potential, with mobile
phone ownership high across the socioeconomic spectrum [16].
Systematic review evidence shows that self-help cessation
interventions for pregnant smokers can be effective [17] and
that mobile phone–based cessation interventions are effective
for nonpregnant smokers [18].

MiQuit Intervention for Pregnant Smokers
We have developed a low-cost, tailored, text-messaging
intervention specifically for pregnant smokers (“MiQuit”) [19].
MiQuit is feasible to deliver and highly acceptable to pregnant
smokers [19], and a recent randomized controlled trial (RCT;
n=407) found that offering MiQuit in addition to usual care
shows promising efficacy and cost-effectiveness [20]. As MiQuit
is fully automated and user-initiated, women can start using it
without the need for any health professional involvement, thus
minimizing potential implementation costs. However, little is
currently known about the likely real-world uptake of MiQuit
should this become routinely available to pregnant smokers, or
what the best implementation strategies might be to maximize
its reach and initiate users into support as cost-effectively as
possible. The public health impact of an intervention depends
crucially on its real-world uptake, as well as its efficacy, but
evaluations of smoking cessation interventions have largely
neglected to estimate this [21].

Using the Internet to Offer Cessation Support
The internet has obvious potential as a tool for reaching pregnant
smokers and enrolling them into cessation programs, and
evidence suggests that a digital intervention may particularly
appeal to smokers offered cessation support through digital
media [22]. Interventions can be promoted to potential users on
the internet through commercial search-engine and banner-based
(pop-up) adverts, as well as noncommercial websites. A previous
real-world study in an antenatal setting estimated that 3% to
4% of pregnant smokers initiated MiQuit after a brief
promotional leaflet was placed into their maternity booking
pack without any introduction or endorsement from a health
professional [23]. If pregnant women will initiate MiQuit after
reading a brief leaflet, it seems likely that they may do so after
reading an online advert. Offering MiQuit to pregnant smokers
through search engines, in particular, might reach them earlier
in pregnancy than they would typically be targeted in antenatal
settings, thus maximizing the benefits of quitting to the fetus.
Search-based adverts could also present an opportunity to offer
support to women when they are motivated to quit, with cohort
evidence suggesting that repeated quit attempts may be made
throughout pregnancy [24]. As a tool for recruiting smokers
into research trials of digital interventions, studies of
nonpregnant groups [25-30] suggest that commercial online
advertising can achieve high participant yield rapidly [26,27]
and can recruit traditionally hard-to-reach smoker populations
at relatively low cost [29,30]. However, although studies
typically show similar participant characteristics and retention
rates for smokers recruited through online versus traditional
means [26-28], with the notable exception of younger age in
those recruited via social media [27], others have found lower
quitting confidence and lower study completion rates among
smokers recruited to trials via the internet [31].

We are aware of only 2 previous studies to explore real-world
uptake of digital smoking cessation support, rather than
recruitment rates to cessation trials, as a consequence of online
advertising, both of which targeted nonpregnant smokers
[32,33]. To our knowledge, no published studies have explored
uptake of cessation support among pregnant smokers via the
internet. In addition, we know little about the characteristics of
pregnant smokers who can be encouraged to take up digital
interventions over the internet. In this study, therefore, we
investigate whether pregnant smokers will initiate the MiQuit
intervention after seeing paid-for or free online advertising; in
addition, we monitor the costs incurred and, using a previously
obtained estimate for MiQuit efficacy [20], assess the extent to
which commercial online advertising might be cost-effective.
Finally, we document the extent to which users engage with the
support program, including the discontinuation rate, and describe
key characteristics, exploring differences between pregnant
smokers initiating MiQuit via different online routes.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e146 | p.221http://www.jmir.org/2018/4/e146/
(page number not for citation purposes)

Emery et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Methods

Design
This was an evaluation of the uptake of a digital
(text-messaging) intervention advertised on the internet. Uptake
rates of MiQuit were monitored while it was advertised via 4
concurrent online settings: 2 commercial websites and 2
noncommercial webpage links.

MiQuit Cessation Support for Pregnant Smokers
MiQuit provides a 12-week program of automated,
theory-guided, interactive support for quitting smoking in
pregnancy, delivered by text message. Support is tailored to 12
baseline user characteristics plus name, gestation, and smoking
status, the latter collected at 3 and 7 weeks by text message.
Tailoring characteristics include nicotine dependence, partner’s
smoking status, and confidence, motivation, and determination
to quit [19,20,23]. Women initiate MiQuit by texting a short
code number. They are then invited to complete 12 baseline
tailoring questions, including the option of setting a quit date,
either by text or by website. Those tailoring by website must
answer all other 11 questions. Those tailoring by text are given
the option of answering either 6 or 12 tailoring questions but
can stop responding at any point. If no tailoring questions are
answered using either route, then generic support is delivered.
MiQuit delivers 0-2 scheduled daily texts (“push” support),
including motivational messages; advice about quit attempt
preparation, managing cravings, or trigger situations; and
information about fetal development and how smoking affects
it. Those setting a quit date receive extra support oriented around
their nominated date. Users can access on-demand, “pull”
support for combatting cravings (“HELP”), returning to
abstinence after a lapse (“SLIP”), or for distraction (“QUIZ”).
The support lasts for 12 weeks unless discontinued prematurely
by the user sending a “STOP” message. MiQuit texts are free
to receive. Sending the initiation text and any subsequent texts
sent by the user are either free or cost the user’s standard text
message rate, depending on their phone “bundle.”

Web-Based Advertising Campaign

Overview of Advertising Methods
With the aim of reaching as many pregnant smokers as possible,
we chose 2 commercial advertisers with very large reach
potential: Google AdWords [34] (search-based) and Facebook
Ads [35] (banner). To identify UK websites most likely to
appear as a result of internet searches for smoking-in-pregnancy
keywords, 2 search engines (Google and Bing) were used to
identify the top webpages returned for the phrase “quit smoking
in pregnancy” and close variants. The National Health Service
(NHS) website (“NHS Choices”) and the National Childbirth
Trust (NCT) website, whose “smoking in pregnancy” webpages
[36,37] were consistently close to the top of the search results,
agreed to place free-of-charge, text-only links to MiQuit on
these webpages.

Advert Content
Key points made in the adverts were that MiQuit is smoking
cessation support by text message; MiQuit is for pregnant

smokers; MiQuit is NHS supported; and MiQuit is free to
receive. Separate adverts were created for each of the 4 online
settings, with input from a Patient and Public Involvement
representative, keeping the text as similar as possible between
adverts given their character or space limits (Multimedia
Appendix 1).

MiQuit Sign-Up Website
Clicking on any of the 4 adverts led directly to a MiQuit sign-up
website that provided further information about MiQuit and
how to initiate it. Each advert led to a separate website clone
with a different short code number, enabling us to isolate traffic
and initiations from each source. Those wanting to initiate
MiQuit had to navigate to the “sign-up” page, click on the
“sign-up” button, and submit a response to a question asking
where they first heard about MiQuit (“submissions”). The latter
acted as a check that women had not reached the website through
other means than our online adverts, such as through the
recommendation of a health professional. They were then
presented with the short code number on a webpage, with
instructions to text the word “QUIT” to the number to begin
support. The 4 short codes were not promoted anywhere outside
of the 4 cloned websites. To ensure that the websites would not
appear in the results of search engines, we added the “disallow”
command on the websites’ robots.txt file, which requests Web
robots not to scan the websites. This was checked periodically
to ensure the most commonly used search engines complied
with this request.

Commercial Advert Settings
Google AdWords displays a brief, 3-line, text-only advert when
advertiser-specified keywords are typed into Google Search.
Facebook Ads display a text and image banner advert,
unsolicited, to a specified demographic (eg, by age, gender,
location, and interests), potentially multiple times per person.
We added an image of a pregnant smoker, used elsewhere for
promoting MiQuit [23], to the text for the Facebook advert.
Detailed descriptions of Google and Facebook advertising can
be found elsewhere [29,30] but, with both, costs depend on
competition from other advertisers. We used a cost-per-click
option for both adverts. As we could find no similar studies
among pregnant smokers to inform how expenditure would
translate into initiations, we set a capped budget of £1000 for
each. We restricted both adverts to the United Kingdom, but
put no time of day or day of week limits on their scheduling.
Google keyword phrases specified were “smoking in
pregnancy,” “stop smoking in pregnancy,” “dangers of smoking
in pregnancy,” and close variants. Estimated search traffic was
relatively low for these; so, broad-match keywords, which
permit any combination of the words comprising the phrase,
were added to widen reach. On the basis of estimated search
traffic and click costs for our keywords (provided by Google),
we set a daily budget of £33 for the Google advert, hence a
campaign duration of 1 month. For Facebook, we restricted our
advert to females aged 16-45 years and specified “pregnancy”
and “childbirth” as interests. On the basis of the estimated click
costs for our target audience (provided by Facebook), we set a
daily budget of £10 for the Facebook advert, hence a campaign
duration of 3 months.
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Free Links
A brief, text-only advert was displayed, permanently for 6
months, on both the NCT and NHS Choices webpage on
smoking in pregnancy, under an “external links” section. These
had low screen visibility compared with the 2 commercial
adverts.

Procedure
The 4 adverts were run concurrently, beginning late May 2015,
either until their budget ended (commercial adverts) or for 6
months (free links). Initiations were permitted up to 3 months
after each advert ceased to be shown. The 2 commercial adverts
were monitored closely throughout the campaigns. The
performance metrics these supply (shown below) were compiled
on a weekly basis. Numbers of MiQuit submissions, initiations,
and discontinuations were compiled weekly for all 4 sources.

Measures and Analyses

Advert Performance and Uptake of MiQuit

The 2 commercial advertisers supplied a variety of reach and
cost metrics (Textbox 1). The 2 noncommercial websites, NHS
Choices and NCT, each provided the number of unique visits
to their smoking in pregnancy webpage, where our advert was
located. We used Google Analytics on the landing webpages
of the MiQuit sign-up website for these noncommercial adverts
to determine the number of clicks they received.

For all 4 cloned MiQuit websites, the MiQuit server recorded
the number of times the initiation short code was accessed
(submissions), whether submissions were from a desktop or
mobile phone, and the number of MiQuit initiations. As in
similar online uptake studies among nonpregnant smokers
[32,33], uptake rate was calculated as the percentage of MiQuit
initiations out of the total number of clicks on an advert to the
MiQuit sign-up website. Data are presented as frequencies and
percentages, with 95% Wilson CIs. For the commercial adverts,
we also estimated the number of initiations per individual
reached and calculated the cost per initiation. For the purposes
of analyses, it was assumed that each advert click, submission,
and initiation represented one individual, and that each Google
advert impression represented one individual reached. Facebook
provided the number of individuals reached by the advert
(“people served”), given that an individual can be targeted
repeatedly.

Estimated Cost-Effectiveness
We estimated the likely incremental cost per additional quitter
(also known as the “Incremental Cost-Effectiveness Ratio”) of
both initiating women into MiQuit via commercial online
advertising and delivering the support by summing the mean
commercial advert cost and mean cost of sending the texts in
this study (£0.035 per text at time of study), divided by the
incremental quit rate found in a recent RCT of the MiQuit
intervention (3.46%) [20]. In this RCT, pregnant smokers
(n=407) were recruited from 16 antenatal clinics in England via
face-to-face contact and, after responding to tailoring questions
by telephone to a researcher, were randomized to receive either
MiQuit added to usual NHS smoking cessation care or usual
care alone. The quit rate for prolonged, biochemically-validated
abstinence in the MiQuit group was 5.42% (1.96% for usual
care) and the odds ratio, adjusted for site and gestation, was
2.70 (95% CI 0.93-9.35) for MiQuit over usual care [20]. This
is the best estimate yet produced for the likely efficacy of
MiQuit, although it has limited precision. To determine the
impact of uncertainty, we bootstrapped 1000 times our
incremental quit rate and cost to estimate the 95% CIs for the
cost per additional quitter [38]. In addition, there was a fixed
annual running cost, shared across all users, of approximately
£760, consisting of a virtual reply number (£99), Web hosting
with domain name (£240), and short code (£420). This was not
included in the cost-effectiveness analysis as a per-person cost
could not be calculated: the annual number of users is currently
an unknown quantity.

User Engagement and Characteristics
MiQuit server data were used to assess engagement with the
support program, including rates of tailoring question
completion, quit date setting, use of “pull-support” features,
and discontinuations (sending a “STOP” message). Data are
presented as frequencies and percentages, with 95% Wilson CIs
presented for key measures (discontinuation rate and quit date
setting). Key behavioral characteristics of those initiating MiQuit
were taken from their responses to the tailoring questions,
answered by Web or text. Characteristics were compared
between those initiating MiQuit via different online sources,
where numbers permitted, using Mann-Whitney U tests
(continuous data) and Fisher exact tests (categorical data).

Textbox 1. Advert reach and cost metrics supplied by the 2 commercial advertisers.

• Impressions—number of times the advert was displayed.

• People served (Facebook only)—number of individuals the advert was displayed to.

• Impression share (Google only)—proportion of times the advert was displayed when a relevant keyword search was made. This shows the number
of impressions achievable given an unlimited budget.

• Clicks—number of times the advert was clicked on. A click took the user directly to the MiQuit sign-up website, so the number of clicks equates
to the number of website visits.

• Cost per click—mean cost incurred for a single advert click.

• Proportion of impressions and clicks by device type (desktop or mobile).

• Mean screen position (Google only)—mean location of advert impressions on the Google search results page (1=top of screen).
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Ethical Approval
Advice was sought from the National Research Ethics Central
Queries Service as to whether the study should be classed as
research requiring ethical review, and they confirmed that no
ethical review was required. The study was conducted in
accordance with the ethical principles that have their origin in
the Declaration of Helsinki, 1996; the Principles of Good
Clinical Practice; and the Department of Health Research
Governance Framework for Health and Social Care, 2005.
Participants were able to withdraw from the MiQuit support at
any time.

Results

Advert Performance and Uptake of MiQuit
Most commercial advert clicks came from mobile devices rather
than desktops (Google: 560/812, 69.0%; Facebook: 1883/1889,
99.68%). Of those who accessed the initiation short code, 94.1%
(301/320) did so from a mobile device (Google: 110/121, 90.9%;
Facebook: 184/187, 98.4%; NHS Choices: 1/4, 25%; NCT: 6/8,
75%).

Figure 1 shows the flow of the targeted populations, through
each online route, into initiation of MiQuit support. The Google
advert was shown 29,022 times in its 1-month duration. Given
our impression share of 70% for mobile-based searches and
50% for desktop-based searches, we estimated that over 46,000
Google searches had been made for our keywords, in the United
Kingdom, during this time. The mean position of the Google
advert from the top of the screen was 1.0 for mobiles and 1.2
for desktops (highly visible). The Facebook advert was shown
to 248,618 broadly targeted women during its 3-month duration
(mean 2.4 times each) and also had high visibility on screen
(Multimedia Appendix 1). In 6 months, approximately 40,000
unique visits were made to the NHS Choices and NCT
smoking-in-pregnancy webpages containing the MiQuit link,
but the proportions who scrolled down to where the links were
placed on these is unknown.

In total, 2754 individuals clicked on 1 of the 4 adverts to the
MiQuit sign-up website (Google n=812, Facebook n=1889,
NHS Choices n=33, NCT n=20). For Google, assuming 1 advert
impression per person, this amounted to 2.80% of those served
the advert (812/29,022) and, for Facebook, 0.76% of those
served the advert (1889/248,618). For the NHS Choices and
NCT websites, the numbers of clicks on the MiQuit links
amounted to 0.09% (33/38,352) and 1.43% (20/1402),
respectively, of the numbers of unique visits to the webpages
containing the link.

MiQuit was initiated by 93 individuals in total, with the 2
commercial campaigns each yielding 42 initiations and the free
links 9 in total. For our uptake rate calculation, the percentage
who subsequently initiated MiQuit after clicking on an advert
to the MiQuit website was 3.38% (93/2754, 95% CI
2.76%-4.12%); Google 5.2% (42/812, 95% CI 3.9%-6.9%),
Facebook 2.22% (42/1889, 95% CI 1.65%-2.99%); NHS
Choices 9% (3/33; 95% CI 3%-24%), NCT 30% (6/20; 95%
CI 15%-52%). One in 691 Google advert impressions resulted

in a MiQuit initiation (1 in 5919 women targeted by Facebook).
One in 12,784 visits to the NHS Choices webpage, and 1 in 234
visits to the NCT webpage, resulted in an initiation.

Commercial Advertising Costs and Estimated
Cost-Effectiveness
The Facebook campaign cost £1000, whereas the Google
campaign cost £1077, including £75 credited free to our account.
Table 1 shows a breakdown of these costs in terms of how far
MiQuit was accessed or activated. The mean cost per advert
click to the MiQuit website was £1.33 for the Google advert
and £0.53 for the Facebook advert. Both campaigns yielded
equal initiations for their budget. Cost per MiQuit initiation was
£25.64 via Google, £23.81 via Facebook, and £24.73 across
both campaigns. Table 1 also shows the estimated cost per
additional quitter of initiating pregnant smokers into MiQuit
via commercial online advertising. Using the cost per initiation
of the commercial adverts (£24.73) plus the mean cost of
sending the MiQuit texts to those initiating support here (£2.73)
gave a point estimate of £793.64 per additional quitter to both
initiate and deliver the support. The mean cost per additional
quitter from the bootstrap was £735.86 (95% CI
£227.66-£5223.93).

Engagement and Disengagement With MiQuit
A total of 53 of the 93 initiators in this study (57%, 95% CI
47%-67%) set at least 1 quit date with MiQuit during the
program, including at baseline. Moreover, 63 (68%) of the
initiators chose to answer all 12 tailoring questions by website
(with quit date noncompulsory). Of those who chose to answer
by text message instead (n=27), 16 (59%) responded to at least
the first 6 questions. Only 3 initiators (3%) answered no tailoring
questions and received generic support. “Pull” support features
(“HELP,” “SLIP,” and “QUIZ” requests) were used by 35 (38%)
initiators.

A total of 34 of the 93 initiators in this study (37%, 95% CI
27%-47%) stopped the 86-day program prematurely (mean days
into program 18.6, SD 21.3). Although not formally tested,
discontinuation rates, tailoring question completion rates, and
use of interactive program features did not appear to differ
between those taking up MiQuit via the 4 different online routes.

Characteristics of Those Initiating MiQuit
Table 2 shows key characteristics of those who initiated MiQuit
via online advertising (n=93) and statistically compares those
who initiated MiQuit via Google versus Facebook; numbers
were insufficient to compare data from the 2 free links (shown
combined). Readiness to quit smoking appeared high among
initiators in this study, with 70 out of 93 (78%) seriously
planning to quit within the next 2 weeks. Gestation differed
substantially between women who initiated support via Google
versus Facebook; no other characteristic differed significantly
between them. Those from Google were typically very early in
pregnancy, with 49% reporting a baseline gestation of 4 or 5
weeks (median 5 weeks; interquartile range [IQR] 10); those
from Facebook were distributed more widely across pregnancy
(median 16 weeks, IQR 14, Mann-Whitney U test P<.001).
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Figure 1. Flow diagram: MiQuit advert reach and initiation of support.

Table 1. Costs and estimated cost-effectiveness of the commercial online adverts.

Estimated cost per additional quitteraCost per:Advertising campaign

MiQuit initiationShort code obtained
Advert click, leading to the
MiQuit website

£741.04£25.64 (n=42)£8.90 (n=121)£1.33 (n=812)Google AdWords (spend £1077)b

£688.15£23.81 (n=42)£5.35 (n=187)£0.53 (n=1889)Facebook Ads (spend £1000)

£714.74£24.73 (n=84)£6.74 (n=308)£0.77 (n=2701)Both campaigns (spend £2077)b

aOn the basis of an incremental quit rate of 3.46% in the MiQuit randomized controlled trial (RCT) [20] (prolonged, validated abstinence).
bIncluding £75 credited free to our account by Google as a welcome offer.
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Table 2. Baseline characteristics of pregnant smokers initiating MiQuit via online advertising.

P valuebFree links (total)a (n=9)Facebook Ads (n=42)Google AdWords (n=42)Total (n=93)Baseline characteristic

<.001  Gestation (weeks)

7.1 (4.1)16.7 (8.5)9.1 (7.2)12.3 (8.5)Mean (SD)

6 (4, 8)16 (10, 24)5 (4, 14)9.5 (5, 18)Median (1st Q, 3rd Q)

4, 174, 322, 282, 32Min, max

9 (100)40 (95.2)41 (97.6)90 (96.8)Valid n (%)

.30  Are you seriously planning to quit? n (%)

7 (78)28 (72)35 (83)70 (78)Within the next 2 weeks

2 (22)7 (18)6 (14)15 (17)Within the next 30 days

0 (0)3 (8)0 (0)3 (3)Within the next 3 months

0 (0)1 (2)1 (2)2 (2)No

9 (100)39 (93)42 (100)90 (97)Valid n (%)

.36Confidence to quit for remainder of pregnancy, n (%)

2 (25)13 (35)6 (17)21 (26)Not at all

3 (38)7 (19)8 (23)18 (23)A little

2 (25)12 (32)15 (43)29 (36)Moderately

1 (13)4 (11)6 (17)11 (14)Very much

0 (0)1 (3)0 (0)1 (1)Extremely

8 (89)37 (88)35 (83)80 (86)Valid n (%)

.33  Cigarettes per day now, n (%)

0 (0)1 (3)5 (14)6 (8)1-3

1 (13)9 (25)6 (17)16 (20)4-5

2 (25)12 (33)9 (26)23 (29)6-10

2 (25)8 (22)9 (26)19 (24)11-15

2 (25)6 (17)4 (11)12 (15)16-20

1 (13)0 (0)2 (6)3 (4)21+

8 (89)36 (86)35 (83)79 (85)Valid n (%)

.24Heaviness of Smoking Indexc , n (%)

1 (13)12 (33)6 (17)19 (24)Very low

3 (38)12 (33)18 (51)33 (42)Low to moderate

3 (38)12 (33)9 (26)24 (30)Moderate

1 (13)0 (0)2 (6)3 (4)High

8 (89)36 (86)35 (83)79 (85)Valid n (%)

.30  Partner’s smoking status, n (%)

5 (63)22 (69)16 (53)43 (61)Smoker

3 (38)10 (31)14 (47)27 (39)Nonsmoker or no partner

8 (89)32 (76)30 (71)70 (75)Valid n (%)

aData for NCT (n=6) and NHS Choices (n=3) were combined because of small numbers.
bFacebook vs Google P value. Tested via Mann-Whitney U (continuous) or Fisher Exact test (frequencies).
cHeaviness of Smoking Index was based on the sum of scores from 2 items of the Fagerström Test of Cigarette Dependence [39]: cigarettes per day
(1-10=score of 0, 11-20=1, 21-30=2, >30=3) and time to first cigarette after waking (>1 hour=0, 31-60 min=1, 6-30 min=2, within 5 min=3). A combined
score of 0-2=very low dependence, 3=low to moderate dependence, 4=moderate dependence, and 5-6=high dependence.
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Discussion

Principal Findings
When a low-cost, text messaging, pregnancy smoking cessation
support program (MiQuit) was advertised via the internet, with
no other form of promotion or recommendation, an overall
uptake (initiation) rate of 3.4% was seen among those who
clicked on any of the 4 adverts to the MiQuit website.
Commercial adverts, which yielded the vast majority of
initiations in this study, cost, on average, £24.73 per initiation.
Although the initiation rate was higher among those who reached
the MiQuit website via free webpage links, the total number of
initiations generated through these was much lower than the
number of initiations generated by commercial advertising and
occurred over a longer time frame. Behavioral characteristics
appeared similar for those initiating MiQuit from different online
sources. User engagement appeared high as over half of
initiators set a quit date with the system, and approximately
two-thirds continued with MiQuit until the end of the 12-week
program.

Strengths and Limitations
To our knowledge, this is the first study to explore the feasibility
of using free and paid-for online advertising to reach pregnant
smokers and promote their uptake of cessation support. We
have shown that a significant minority of pregnant smokers are
willing to initiate an automated text messaging intervention
when offered this via the internet; given the high reach of the
internet, this could translate into substantial numbers of pregnant
smokers supported to quit. Unlike many previous evaluations
of online advertising [25], we were able to trace the source of
all those who arrived at the MiQuit website and all who initiated
support, allowing us to compare uptake rates for different online
strategies. By quantifying each step of the uptake process, from
viewing an advert through to initiating support, we have
explored a spectrum of engagement [40] with the offer of
support and identified steps where barriers to uptake might be
removed. Importantly, we tracked individuals’behavior beyond
support initiation, investigating their engagement with the
program (quit date setting, use of “pull” support messages,
tailoring question completion) as well as discontinuations
(sending a “STOP” message). We were also able to use previous
RCT data, with assumptions, to estimate the likely
cost-effectiveness of MiQuit if implemented via commercial
online adverts.

There are several limitations to this study, including some
general challenges for real-world uptake studies. As with many
studies recruiting people to interventions without person
involvement, we cannot be sure that those who took up support
were the intended group (ie, pregnant smokers), although our
adverts and website made it clear that MiQuit is for pregnant
smokers and almost all provided their gestation. It is also
possible that adverts were clicked on out of curiosity by those
who were neither pregnant nor smoking, particularly among
women targeted by banner adverts on Facebook, or that adverts
were passed on to others (eg, friends) by those originally
targeted. In addition, it proved difficult to estimate the numbers
of pregnant smokers exposed to each advert as a denominator:

the number of pregnant smokers shown our Facebook advert is
unknown and it is probable that not all Google searches for our
keywords were made by pregnant smokers. Nonetheless, the
high number of keyword searches made within the United
Kingdom in a month (over 46,000) suggests that there may be
many opportunities for engaging with this population on the
internet. Given the low visibility of the 2 free links, our use of
the number of visits to the webpages on which these were placed
as a denominator may have greatly underestimated the
proportions initiating MiQuit out of those exposed. Difficulties
in specifying accurate and comparable denominators have been
noted previously in uptake studies [23,41]. However, to health
providers, having accurate information on the numbers of
MiQuit initiations and on the cost of providing this is of the
greatest importance.

It is important to be aware of assumptions inherent to the
cost-effectiveness estimates presented. Our cost-effectiveness
analyses assumed that, when initiated via the internet, MiQuit
would have a similar quit rate to that observed in women
recruited to an RCT from antenatal clinics. However, we found
differences in characteristics between women in this study and
those recruited to the RCT (discussed below), and it is possible
that the intervention could vary in effectiveness for different
groups of women. Both Facebook and Google had relatively
opaque criteria used to determine their advertising charges;
there is no guarantee that similar charges would be made for
identical adverts in the future. Charges depend on concurrent
competition from other advertisers, so are unlikely to replicate
exactly from one campaign to another even if all other
parameters are held constant. It is probably best to view our
cost-effectiveness estimates as indicative rather than definitive;
however, optimization of this type of “programmatic”
advertising would likely reduce costs significantly.

Findings in Context
Compared with pregnant smokers who were recruited to a large
RCT of MiQuit via antenatal clinics in a previous study [20],
women who initiated MiQuit via online advertising in this study
had higher readiness to quit, with 78% (vs 32% RCT) seriously
planning to quit within the next 2 weeks and 57% (vs 19% RCT)
sending a quit date to MiQuit during the program, including at
baseline. This suggests that online initiators may be more likely
to make a quit attempt [42,43]. Conversely, online initiators
appeared to be more nicotine-dependent than RCT recruits, with
34% (vs 14% RCT) classed as “moderate” or “high”
dependence, and this appears to be a key determinant of failure
to quit during pregnancy [43-46]. It is, therefore, possible that
quit rates might be lower among individuals who engage with
MiQuit via the internet compared with those who did so after
being recruited to a trial in an NHS setting, but this is currently
speculative. Others have not found heavier smoking among
online recruits [31].This is an important avenue for future
evaluation: MiQuit could have different effects depending on
how it is implemented and, therefore, who makes use of it.
Previous research has found high readiness to quit in smokers
recruited to RCTs by search-based [29], but not banner, online
advertising methods [28]; however, in this study, readiness to
quit was similar between those initiating MiQuit via Google
and Facebook.
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A total of 37% of initiators in this study stopped the 12-week
program prematurely (sent a “STOP” message). This was
notably higher than the discontinuation rate among trial
participants, where 13% randomized to the MiQuit condition
discontinued the support [20], though more similar to the
discontinuation rate when MiQuit was offered in an NHS
real-world context, by leaflet (46%) [23]. It is possible that those
receiving MiQuit as part of an RCT felt obliged to continue
with it because of being a trial participant and receiving human
contact as part of their involvement. Previous MiQuit research
highlights that discontinuations are made for a variety of
reasons, most of which are not related to irritation or
dissatisfaction [19], and a separate study indicates that
discontinuation can be an indicator of increased engagement in
smoking cessation behavior [47]. In other ways, online initiators
appeared more engaged with MiQuit than RCT participants,
with 3 times as many sending a quit date to the system and
almost twice as many (38% vs 21%) sending a “pull” support
message.

Although our Facebook advert generated activations throughout
pregnancy, those who initiated MiQuit via Google were often
early in gestation (around 50% within their first 5 weeks).
Adverts attached to internet search engines may, therefore, be
a useful way to reach women when they are first pregnant and
looking for support, and could potentially maximize health
benefits by encouraging abstinence for more of their pregnancy.
Currently, the earliest used cessation interventions tend to target
pregnant smokers at their antenatal booking appointment, at
around 8-12 weeks’ gestation.

We have shown that uptake of MiQuit via online advertising is
feasible; our previous real-world study showed uptake of MiQuit
to be feasible when offered via leaflets in maternity booking
packs without health professional promotion. This suggests that
there are promising routes to initiating pregnant smokers into
support systems such as MiQuit, without the need for health
professional involvement, in both clinical and nonclinical
settings. We are aware of no other studies that have investigated
using the internet for offering real-world cessation support to
pregnant smokers, although 2 previous studies have explored
this among nonpregnant smokers in the United States [32,33].
Our overall uptake rate (3.4%) was lower than that found among
all smokers offered a national Web-based cessation program
via commercial search-based and banner online adverts (6.8%)
[32]; however, it was similar to the uptake rate found when
banner adverts were used to promote Web-based cessation
support specifically to Latino smokers, another hard-to-reach
group (2.8%) [33]. Our average cost per initiation (£24.73)
compares favorably with costs reported to initiate general
smokers into real-world digital cessation support commercially
via the internet (mean $35) [32] and very favorably with costs
reported to initiate a hard-to-reach group via online banner
methods (mean $209.34) [33]. Facebook may be more
cost-effective than other banner-based methods for targeting
specific populations, given that adverts can be restricted to a
particular demographic [48].

Using an efficacy estimate of MiQuit from a previous RCT, we
estimated a cost per additional quitter of £735.86 to initiate
pregnant smokers into MiQuit through paid adverts, including

text message delivery costs but excluding development costs.
We did not include a formal cost-utility analysis here, and the
caveats discussed in our limitations must be noted, but this is
encouraging compared with costs reported for other smoking
cessation interventions that are effective and cost-effective in
pregnancy. For example, financial incentives are highly
cost-effective, with a cost per additional quitter of £1127 [49].

Of those who clicked to the MiQuit website, a much greater
percentage (11.6%) obtained the short code to initiate MiQuit
than subsequently texted it to do so (3.4%). Obtaining the short
code required a number of extra steps after clicking on an advert
and landing on the MiQuit website, suggesting that these women
were serious about taking up MiQuit. There may thus be
potential for increasing uptake substantially, at no extra
advertising cost, by ameliorating the drop-off between clicking
to accept the support and texting to initiate it. Having to text a
short code may be a barrier to initiating support for a number
of reasons, including lack of credit among pay-as-you-go phone
users, suspicion of hidden charges, and needing to act outside
of the website; enabling women to sign up anonymously without
the need to text a short code might increase uptake. Website
content, tone, and appearance are also potential targets; clearly
labeling the website as an NHS service might also reduce
women’s barriers to sending an initiation text.

A definitive evaluation is planned for MiQuit. If it is shown to
be effective, as our earlier trial suggests is likely [20], then an
assessment of its efficacy in an online setting may be warranted.
In this study, free-of-charge webpage links yielded relatively
few initiations but might have performed better if given greater
visibility. High initiation rates were found for women clicking
from these links, suggesting that they were well targeted despite
having lower reach than the commercial adverts, and pregnant
smokers may have been more likely to initiate MiQuit if
reaching it from a recognized health source. There may therefore
be scope for future work to promote MiQuit via such websites.
Future work could aim to minimize search engine–based
advertising costs by investigating which specific “smoking in
pregnancy” keyword phrases are associated with support
initiations; this is possible if support is initiated by a webpage
click rather than an external action such as texting a short code.
Finally, it is important to establish whether uptake of text-based
cessation support among pregnant smokers affects their uptake
of traditional cessation support or whether it attracts those who
would otherwise try to quit alone, if at all.

Conclusions
Commercial online advertising appears to be a promising
method for initiating pregnant smokers into text message–based
cessation support. Free and commercial adverts prompting
pregnant smokers to click to a sign-up website resulted in an
initiation rate of 3.4%. Search-based commercial advertising
was able to reach women earlier in pregnancy than interventions
delivered in clinical settings seem able to achieve, and those
who initiated support in this study had high readiness to quit.
Commercial online advertising to pregnant smokers is likely to
be cost-effective and can probably be made more so. Given that
pregnant smokers’ uptake of traditional support is low, it is
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important to find successful strategies for offering them effective alternatives.
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Abstract

Background: The postnatal period poses numerous challenges for new parents. Various educational programs are available to
support new parents during this stressful period. However, the usefulness of educational programs must be evaluated to ascertain
their credibility.

Objective: The aim of this descriptive, qualitative study was to explore the views of parents of newborns with regard to the
content and delivery of a mobile health (mHealth) app–based postnatal educational program.

Methods: A qualitative semistructured interview guide was used to collect data from 17 participants who belonged to the
intervention group of a randomized controlled trial. The intervention, a 4-week-long access to a mHealth app–based educational
program, was evaluated. The interviews were conducted in English and at the participants’ homes. Thematic analysis was used
to analyze the data. The Consolidated Criteria for Reporting Qualitative Research checklist was used to report the findings.

Results: The interviews revealed 4 main themes: (1) positive features of the mHealth app, (2) advice from midwives, (3)
experiences gained from using the mHealth app, and (4) recommendations for the future. The participants evaluated the educational
program to be a good source of information that was tailored to the local context. The different modes of delivery, including
audio and video, accentuated the accessibility of information. The parents evaluated that the facilitator of the featured communication
platform, a midwife, provided trustworthy advice. Belongingness to a virtual community beyond the hospital endowed the parents
the confidence that they were not alone and were supported by other parents and health care professionals.

Conclusions: According to the parents, the mHealth app–based educational program was helpful in supporting a multi-ethnic
sample of parents during the postnatal period. This insight indicates that the program could be implemented in a wide community
of parents in the postnatal period. The helpfulness of the educational program is a testament of the potential benefits of using
telemedicine among new parents postnatally. Resources can also be dedicated toward extending the duration of access to the app
beyond 1 month and developing relevant content for parents across the perinatal period.

(J Med Internet Res 2018;20(4):e119)   doi:10.2196/jmir.9188
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Introduction

Background
The postnatal period is a trying period for new parents as they
adapt to the rigorous demands of parenthood [1]. During this
period, parents seek to acquire new skills and find new ways of
restoring balance in their lives [2]. Mothers experience
challenging issues relating to health of the baby, breastfeeding,
and varied sleeping patterns, which may lead to a myriad of
emotions comprising self-doubt [3], anxiety disorders [4], and
postpartum depression [5-8]. Although maternal morbidities
have been extensively documented, fathers also experience high
levels of stress while caring for the baby and adapting to their
new role as a father [9]. Ineffective management of these stress
levels could lead to depression [10], which may have adverse
implications on child development, mother-infant interaction,
as well as conjugal and family relationships [6,11]. Therefore,
mitigating the development of such affective conditions in new
parents through effective postnatal care and support is important.

Current Status of Postnatal Care
Postnatal care is crucial in enhancing maternal and child
well-being; however, studies have established that postnatal
care from hospitals is suboptimal [12-14]. Most health services
provide early discharge, that is, reduced postnatal length of stay
for new mothers to reduce health care costs while sustaining
the quality of care [15]. However, this practice has raised some
concerns in relation to postnatal education by health care
professionals, maternal confidence in transitioning to the home
setting, breastfeeding, and postnatal depression [14,16,17]. New
mothers also expressed great dissatisfaction with the quality of
postnatal care, including insufficient time for queries to be
asked, information overload within a short period of time, and
an inadequate amount of midwifery care [18,19].

With current research showing the need to improve the quality
of postnatal care, various interventions that aim to address
parental concerns have been developed. Such interventions
include domiciliary visits, clinic visits, and telephone follow-ups
[20]. Home visits may be effective in providing tailored care
and increasing patient satisfaction [12]. However, these
measures are less feasible for health care services to adopt and
implement due to logistics, such as manpower and cost [20].
Furthermore, clinic follow-up visits and telephone follow-ups
usually take place on a monthly basis, which may not be solely
sufficient in providing assistance to new parents during their
transition to parenthood [21].

Use of Technology in Postnatal Care
The use of technology has become a cost-effective avenue to
deliver quality health care [22]. The application of information
technology in enhancing an individual’s access to health care
has been regarded as a promising innovation that might
revolutionize health care [23]. With the advancements of
technology over the decades, controlling technological
innovations is important to enhance the efficiency and continuity
of care during the postnatal period, thereby enhancing the
satisfaction of the postnatal care provided [24]. Available
literature on the use of mobile health (mHealth) apps in the

postnatal period is scarce [24-27]. In addition, such literature
is focused on service utilization and limited to
low-middle-income countries [25-27]. The development and
evaluation of mHealth app–based educational programs are
encouraged from stakeholder and user perspectives [25-27].

Therefore, this qualitative study evaluated the mHealth
app–based educational program catered for multi-ethnic new
parents in Singapore. The focus was on exploring the parents’
perceptions of the content, strengths, and suggestions for
improvements of the program.

Methods

Procedures and Participants
A descriptive qualitative study design was used. Semistructured
interviews were conducted following the Consolidated Criteria
for Reporting Qualitative Research. Participants were recruited
from an intervention group of a randomized controlled trial
[28]. The randomized controlled trial aimed to test the
effectiveness of the mHealth app–based educational program
among new parents. The participants were randomly divided
into 2 groups, that is, control (receiving standardized care) and
intervention (receiving educational program via the mHealth
app and standardized care). English-speaking parents were
invited to participate based on their parenting self-efficacy
scores after the intervention. Parents with high and low parenting
self-efficacy scores were purposively invited to participate in
the process evaluation interviews. However, all the participants
from the intervention group had parenting self-efficacy scores
above the median score of 20 [28]. Therefore, all participants
(50 couples, 2 fathers, and 1 mother) who completed the
intervention (n=103) were approached, and 21 participants (5
couples, 7 fathers, and 4 mothers) agreed to participate
subsequently. Moreover, 4 participants (3 fathers and 1 mother)
subsequently refused to participate for varied reasons, such as
being overseas or busy. Finally, 17 participants (5 couples, 4
fathers, and 3 mothers) were interviewed. Data saturation was
achieved with 15 participants, and 2 additional interviews were
conducted to ensure that no new findings emerged from the
interviews.

Intervention
Participants in the intervention group gained access to the
Home-but not Alone mHealth app–based educational program
for 4 weeks after discharge from the hospital with routine care.
Routine care comprised care and support provided by nurses
and midwives throughout the participants’hospital stay, as well
as a follow-up appointment with their obstetricians [12]. Various
elements of the mHealth app–based educational program include
a discussion forum that enabled parents to relay photographs
or messages and have their queries and concerns addressed by
a midwife once within 24 hours; an extensive information
resource comprising audios, videos, and PDF documents on
new born, maternal, and paternal care; and daily notifications
received by the parents regarding their babies’ important
milestones and needs. Asynchronous mode of communication
was used by the midwife to answer parental inquiries once a
day. The educational program follows a conceptual framework
based on Bandura’s self-efficacy theory [29]. The intervention
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sought to be a form of social support in enhancing parenting
self-efficacy and emotional well-being through reducing
depressive symptoms and increasing overall parenting
satisfaction. The conceptual framework is presented in the study
protocol [30].

Data Collection
After 4 weeks of access to the mHealth app–based educational
program, parents were spoken to via a telephone call and were
asked to participate in a qualitative semistructured face-to-face
interview. The purpose was to understand their perceptions and
feedback regarding the content, mode of delivery, and the
effectiveness of the intervention. As both parents were given
the opportunity to utilize the mHealth app, they were both
eligible and invited for participation in the interview. Parents
were informed that all interviews would be audiorecorded. A
written, informed consent was obtained for their participation
in the interviews. Finally, 5 couples, 4 fathers, and 3 mothers
(n=17) participated in the interview. The interviews were
conducted by the coauthor who was trained to conduct these
interviews by the corresponding author. The interviews occurred
at the participants’ homes, and the participants were reminded
of the interview 1 day in advance via a text message. The
interviews lasted between 30 and 45 min with an average time
of 35 min and were carried out in English. For couples, both
fathers and mothers were interviewed at the same time as most
of them requested it to be that way; however, they were
reminded throughout the interview to remain objective and share
their personal accounts of using the mHealth app. Anecdotal
notes on observational data were collected, and both fathers and
mothers shared equally about their experiences in using the
mHealth app. Data collection lasted from May to July 2016.

A semistructured interview guide was developed to evaluate
the perceptions of the educational program delivered via the
mHealth app. The guide was developed with reference to the
conceptual framework of the main study [30] and was evaluated
by an obstetrician, 2 midwives, and a couple from the pilot
study. Probing questions were created to attain a comprehensive
perspective on the effectiveness of the mHealth app. Table 1
represents the interview guide. One pilot interview was
conducted to test the interview guide and the interview process,
which was excluded from the final data analysis. All 17
interviews were audiorecorded and transcribed verbatim.

Ethical Considerations
Ethical approval was acquired from the Institutional Review
Board (National Health Group Domain Specific Review Board,
Ref: 2015/01250) of the study hospital. Relevant information
about the research study was comprehensively explained to the
participants. Following which, written informed consent was

obtained from each participant. Participation in this research
was strictly voluntary, and confidentiality was adhered to.

Data Analysis
Thematic analysis was performed, in which the entire dataset
was reviewed and the following 3 phase analysis were used: (1)
preparation of data for analysis, (2) generation of initial codes,
and (3) development of respective themes and subthemes.

The coauthor interviewed the participants and transcribed the
audio data verbatim without editing any grammatical errors,
which is useful in retaining distinct features of the participants’
language, keeping it relevant to the local context [31]. The final
transcripts were examined several times to gain familiarity with
the dataset. The 2 authors were independently involved in the
analysis of the content, development of the codes, and revelation
of the eventual themes. An initial understanding of the content
of the entire dataset was established.

Subsequently, the color-coding method was used to identify
different concepts, forming the initial codes. These excerpts
were then extracted and placed into a tabular format, entailing
themes and subthemes within a new document. The authors
reviewed the themes for likeness and differences before deciding
the overarching themes. To achieve confirmability and
objectivity in the analysis of data, the various themes and
subthemes were discussed extensively through several meetings
between the 2 authors. Any discrepancy was discussed with the
third author. The field notes were often referred to, and constant
comparative analyses were performed. Member checking was
also established with the participants after each interview by
allowing them access to their transcripts to ensure that the
intended meanings behind their verbatim quotes were accurately
captured. The final findings were shared with the participants,
and they had no further inputs on the derived themes and
subthemes.

Rigor
To enhance credibility and trustworthiness of the study,
reflexivity was maintained throughout the data collection and
analysis [32]. Field notes were taken to capture nuances in
nonverbal responses from the participants and to enhance the
authenticity of the verbal quotes. The coauthor maintained a
diary and constantly self-reflected before and after the interview
to maintain accuracy in reporting the participants’ emic views
during the data collection. The purpose of these reflections was
to consciously acknowledge one’s values, assumptions, and
goals toward the study topic so that the researchers can clarify
their belief systems and subjectivities toward participants’
responses. A semistructured interview guide was developed
based on a theoretical framework and was evaluated by the
experts and the parents.
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Table 1. Process evaluation semistructured guide. mHealth: mobile health.

Probing questionNumber

What were some of the education or services that you received in the hospital to better prepare you for participation in your baby’s care?1

What other types of services have you participated in or received apart from those provided in the hospital?2

Did you find the Home-but not Alone mHealth app useful?

Probe: If yes, how? If no, why not?

3

What are the strengths of the Home-but not Alone mHealth app?

Probe: Do you think the duration of the access to the mHealth app was sufficient?

4

What were the main difficulties that you faced while using the Home-but not Alone mHealth app?

Probe: Can you describe any technical difficulties you might have faced? What would you want to improve about the app?

5

Do you think it was appropriate to introduce the mHealth app after childbirth?

Probe: Would you want to have the app made available for your future babies? Do you think such an app should be made available during
pregnancy too?

6

Do you think use of the Home-but not Alone app has enhanced your parenting confidence?

Probe: If yes, how? If no, why not?

7

Do you think use of the Home-but not Alone app has enhanced your parenting satisfaction?

Probe: If yes, how? If no, why not?

8

Were you satisfied with the added support you received in terms of the mHealth app?

Probe: If yes, how? If no, why not?

9

Did you feel emotionally supported and stable with the additional support you received from the mHealth app?

Probe: If yes, how? If no, why not?

10

Would you recommend the use of the Home-but not Alone mHealth app to others?11

Results

Sample Characteristics
A total of 5 couples, 4 fathers, and 3 mothers were interviewed.
Their ages ranged between 26 and 42 years. Among them, 41%
(7/17) were Chinese, 29% (5/15) were Malay, 6% (1/17) were
Indian, and 24% (4/17) were of other ethnicities. The majority
were degree holders and full-time employed staff at various
organizations. The majority (13/17, 86%) of participants had a
monthly household income of more than SG $6000. Nearly half
of the participants attended antenatal classes before delivery,
and 71% (12/17) experienced a normal vaginal delivery. All
the participants were married. A description of the participants’
characteristics is displayed in Multimedia Appendix 1.

Four major themes emerged from the thematic analysis of the
interviews: (1) positive features of the mHealth app, (2) advice
from the midwife, (3) experiences gained from using the
mHealth app, and (4) recommendations for the future. The
themes and subthemes are summarized in Textbox 1.

Theme 1: Positive Features of the mHealth App
Most of the parents found that the mHealth app was a good
informational resource that catered to the local context and
new-generation parents, and that the information provided was
tailored to individualized needs, easy to access, and allowed
the recap of information.

Subtheme 1: Good Informational Resource
Many parents utilized the mHealth app as a point of reference
to clarify any doubts they faced when performing routine baby

care tasks. The participants compared the mHealth app with a
library, regarding it as a useful informational tool in preparing
them for any issues that they might potentially experience during
the first few weeks:

It’s like a library for me…I can just view it to see
what new parents face at this point of time.
[Participant 3]

Subtheme 2: Cater to Local Context and New Generation
Parents
Many parents discerned the mHealth app to contain localized
information. Thus, the app is more contextually relevant as
opposed to other global apps. These data include the matrices
used (cm and kg vs feet and pounds) and the discussion of
common issues babies encounter (Asian vs Caucasian):

I think the app is better, because, I say, even the
matrix uses cm and kg...I would say the app is more
appropriate and suitable for Asian mummies,
especially in Singapore. [Participant 8]

Subtheme 3: Tailored to Individualized Needs
The parents felt that being able to acquire answers from the
midwife and having their queries answered through the
discussion forum provided a clearer and more individualized
answer compared with the standard answers found on web:

Yes, [any answer found] on web is vague and very
generic [in their] answer. For example, each baby
should be gaining this certain amount of weight when
you are pregnant, so you like, okay, [but] when you
go to the doctor, [you realize,] oh no, your baby is
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not gaining as much as what [the] web recourses
have been saying…but with this app, we received
focused answers to our queries. [Participant 11]

Subtheme 4: Various Features—Audio, Video, Push
Notifications, and Discussion Forum
The mHealth app catered to the participants’ individual
preferences of learning styles through the different modes of
educational materials. Some mothers found the audio files more
convenient while breastfeeding. Others perceived the videos to
be an easier way to learn hands-on skills. A good mix of both
theory (PDF files and audios) and practical (videos and the
discussion forum) learning existed, which the parents could
benefit from:

...but you know when you breastfeed, sometimes you
feel tired, you want to [be] lying down, but
breastfeeding and lying down is sometimes [a]
problem. So, I realized that there are audios for each

of the PDF file. So, I just stuck my earphone [in], and
listened to it. [Participant 8]

Subtheme 5: Easy to Access and Allows Recap and
Recall
Majority of the parents expressed that the interface of the
mHealth app was user-friendly, making it easy to acquire
necessary information through their phones. Many participants
also revealed that the mHealth app facilitated their recapping
and recalling of essential information required in taking care of
their baby:

...because, when you learn at the hospital, you only
see [it] one time. If you watch the video, you can
recap. [Participant 7]

Theme 2: Advice From the Midwife
The participants underlined the advice given by the midwife to
be reliable, reassuring, prompt, and that it also facilitated their
decision-making process.

Textbox 1. Themes and subthemes of the findings.

Positive features of the mobile health (mHealth) app

1. Good informational resource

2. Cater to local context and new generation parents

3. Tailored to individualized needs

4. Varied features: audio, video, push notifications, and the discussion forum

5. Easy to access and allows recap and recall

Advice from the midwife

1. Reliable guidance

2. Reassuring advice

3. Prompt replies

4. Facilitation of the decision-making process

Experiences gained from using the mHealth app

1. Provides continuity of care

2. Is like a friend

3. Integrates a community of people who are undergoing a similar phase in their lives, that is, parenthood

4. Enhances confidence

5. Enhances satisfaction

6. Receptiveness

Recommendations for future

1. Reduce technical hiccups and enhance technical aspects

2. Extend the duration of use of the mHealth app

3. Encourage engagement with the mHealth app

4. Widen educational topics
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Subtheme 1: Reliable Guidance
Nearly all the participants felt that they can easily trust the
advice provided by the midwife as opposed to acquiring
information on web where sources may not be as credible:

...being able to get the response you knew you could
trust such as a midwife…Er…giving us advices, you
could trust that. [Participant 10]

Subtheme 2: Reassuring Advice
The advice given by the midwife often left parents reassured
and empowered to overcome the issues they encountered. The
participants could even resonate with the advice given for
queries other than that of their own:

I think the best part about it is the personal
touch…from the midwife herself. When you ask
questions, and know that the midwife will always reply
with a ‘you’re doing good mummy keep it up!’
[laughs] Yea, so I think it is encouraging…even
though it is not me who sent the question. But when
you read [it]…you know? That’s nice. [Participant
17]

Subtheme 3: Prompt Replies
The participants were also content with the efficiency of the
midwife’s replies to their queries, which were useful in
alleviating their worries within a relatively short period of time:

The questions we were asking also, they were
answered very promptly. I think that was quite
amazing. I think it was…not even within 24 hours,
but I think within 12 hours…we will get a reply also…
[Participant 12]

Subtheme 4: Facilitation of the Decision-Making Process
Several parents felt that the midwife provided detailed
explanations, thereby giving them improved understanding of
their situation. This initiative allowed them to make informed
decisions regarding the care of their baby:

...after seeking midwife’s advice, that’s when I
decided to bring the baby for his jaundice
check…because of the answers that have been given
to us, lah. So, it reassured me to seek help.
[Participant 3]

Theme 3: Experiences Gained From Using the mHealth
App
The experiences gained by most participants entailed the
continuity of care received, the integration of a community of
people undergoing a similar phase in their lives, and the
increased confidence and satisfaction of taking care of their
babies.

Subtheme 1: Provides Continuity of Care
The continuous support received by the parents via the mHealth
app was gratifying because it facilitated easy transition from
the hospital setting to their home. Many participants also felt
comforted and secure in having their queries answered by other
experienced parents:

I think what is good about the app is [that] you have
the mothers and fathers for users, user-based
answering the questions, but then in 9 out of the 10,
the moderator [midwife] comes on and either clarifies
all the answers other people [have] given, and adds
an extra professional part as well. [Participant 9]

Several parents felt that the app acted as a support mechanism
between the doctor’s follow-up sessions, which typically lasted
between a week to a month, thus providing comfort and
reassurance to the parents regarding their concerns:

I really feel that…not to worry…too much. Because
you can only meet the doctor at [a] certain point in
time, right? So, in the meantime, we didn’t have any
information. So we were glad that we had the
message. [Participant 5]

Subtheme 2: Is Like a Friend
The mHealth app was described as a friend to new parents by
providing much-needed support during their transition phase,
reassuring them that they were not alone:

I say, “friend”…Because sometimes you were alone,
then…I went to the mobile app a lot to see what other
mums said. [Participant 14]

Subtheme 3: Integrates a Community of People
Undergoing a Similar Phase in Their Lives, That Is,
Parenthood
The majority of the parents emphasized that the mHealth app
helped them to realize that the issues they were facing were
commonly experienced by many parents, thereby putting their
problems into perspective and allowing them to feel better. Most
participants appraised the expediency of learning from the
experiences of other parents that were shared within the
discussion forum or by using their own experiences to help
answer other parents’ queries:

So when we have this app and you know there’s
another parent…the person answering is really
answering related directly to the question. And the
question is linkable to us…We felt others are also
going through the same things…So I think that was
the most helpful about the app. [Participant 17]

The participants exhibited mutual empathy, which is known to
augment prosocial behaviors, such as supporting one another.
This value was commonly manifested in the form of multiparous
parents being willing to share their past experiences to alleviate
the worries and concerns of their primiparous counterparts:

I have been through this…I know how it feels to be a
new mother…So, if I [can] confirm [that] I know the
answer, then I will try to help out by answering the
queries. [Participant 13]

Subtheme 4: Enhances Confidence
The educational materials and having their queries answered
by the midwife reassured many participants that they were doing
the right thing for their baby:
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Because when I asked the question and then I’ve got
[a] response [that] I was comfortable knowing, doing
the right thing. I can continue that way, and you feel
more confident when you are making [the] right
decisions. [Participant 10]

Subtheme 5: Enhances Satisfaction
Many parents expressed a sense of satisfaction in relation to
their parenting role with the support from the mHealth app and
felt they were more adept in playing their parenting role:

Er…I think, with the increased confidence level, then
you’ll be more satisfied…Because you feel you
understand your child better! And you know when
this happens…you know roughly what to do.
[Participant 17]

Subtheme 6: Receptiveness
All the participants were receptive to using the mHealth app in
the future if they have another child and were forthcoming to
recommend this mHealth app to their friends who were
expecting:

The Home-but not Alone, I am going to recommend
because [it is] very focused on [the] first month of
the support. We need it. [Participant 5]

Theme 4: Recommendations for Future
Many parents disclosed that certain technical hiccups should
be resolved and enhancements should be added in the mHealth
app. In addition, the duration of use of the mHealth app needs
to be extended, the usability of the mHealth app has to be
promoted, and additional educational topics included.

Subtheme 1: Reduce Technical Hiccups and Enhance
Technical Aspects
Some participants felt that the language in the video was not
clearly audible due to the enunciation and suggested for the
addition of subtitles. The majority of the parents highlighted
the need to add notifications to their queries because checking
repeatedly for any replies to their raised queries was
time-consuming. Furthermore, many participants found locating
specific information within the discussion forum very tedious
because questions were not organized into topics:

Yea, because now I only look based on the latest post,
but not what is actually relevant…I will have to open
each one [discussion thread] to read and see if there’s
anybody talking about breastfeeding. [Participant 14]

Subtheme 2: Extend the Duration of use of the mHealth
App
Participants felt the need to extend the duration of the mHealth
app by introducing the mHealth app during the antenatal period,
preferably during the third trimester to prepare themselves:

I think during the third trimester…Yea…towards the
third trimester, I think you’re more ready and
prepared to actually absorb all the knowledge.
[Participant 4]

Most participants also conveyed their interest in using the
mHealth app for more than a month after the baby was born
and requested for information to be provided for important
milestones within the first 6 months of their baby’s growth,
such as at 3 and 6 months:

I think maybe the first six months…Because it’s the
first vital…you know…stages! After that, I think they
can start crawling, recognizing you proper[ly], so it
shouldn’t be so much of a problem. [Participant 17]

Subtheme 3: Encourage Engagement With the mHealth
App
Participants felt the need to promote members of the group to
be active users of the mHealth app and to ask questions. They
believed that the number of questions asked translated into how
much they can learn from:

...but I think it would have been even more useful if
more people shared…because different people had
their [own] way of coping. [Participant 12]

Subtheme 4: Widen Educational Topics
Fathers faced concerns regarding their roles in supporting their
wives emotionally during this time and requested for such
relevant topics. Many parents also felt that the current topics
found in the mHealth app mostly catered to first-time parents.
They felt that the mHealth app would be more beneficial if it
included topics relevant to multiparous parents, such as dealing
with older siblings and babies:

...because some of the other topics I have already
read about or did research on my first baby. But, now
that it is my second baby, it might be useful to have
some topics for parents that are already parents.
[Participant 16]

Discussion

Principal Findings
The participants reported numerous strengths of the app. Many
parents expressed that it was convenient and found that it
encapsulates a wide range of educational information, which
allowed for an easy search and retrieval of information
independently. Such information was useful as a general
informative resource or for more explicit information that may
address their specific concerns. A previous research [33] found
that mothers preferred midwives to provide information in a
nondirective form to allow them the opportunity of making
informed decisions independently. Similarly, the app facilitated
parents in their decision making to a certain extent and
encouraged them to act autonomously. This function is in
accordance with Bandura’s theory of self-efficacy [29], in which
learning independently and building one’s own experiences is
one way to attain the mastery of such experiences, thereby
augmenting parenting self-efficacy [24].

The multifaceted approach regarding the delivery of information
through PDF, video, or audio files augmented the expediency
of the app and enhanced parenting self-efficacy. Mothers were
able to breastfeed and listen to audio recordings, and the parents
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reported that they were only able to observe demonstrations on
baby care tasks once within the hospital; hence, the videos came
in as a handy tool for recapping and recalling practical tasks as
opposed to written information. A previous study acknowledged
that the memory for visual depictions is greater than that for
verbal or written content [24]. Moreover, the learning theory
[34] asserts that learning is more enhanced when the content is
organized as opposed to being fragmented. Moreover, according
to Bandura [29], vicarious encounters can instill in parents a
belief that they too have the ability to carry out the task at hand,
which can lead to great parenting self-efficacy.

The participants also expressed their satisfaction toward the app
in that it provided a means of access to support from a health
care professional. Receiving guidance from a health care
professional is a vital facet in parents developing a sense of
security during the postnatal period [24,35]. The answers to
their queries by the midwife were regarded as trustworthy,
prompt, and reassuring. This finding corroborates with a
previous study that regarded midwives as a point of reference
when making decisions [2]. It implies the usefulness of
asynchronous communication in alleviating concerns for new
parents in their transition into parenthood.

The app was also beneficial in creating a community in which
parents could learn from the issues and concerns brought up by
other parents as well as receive advice from those with
experience. As previously noted [33], mothers found sharing
their experiences with one another and gaining reassurance and
support beneficial. Although sharing with a professional would
generate a clinical or scientific reasoning on what was being
physically experienced by them, sharing with other mothers
produced a communal response of the emotional experience
itself. Although advice from other experienced parents was
easily available, it was constantly reviewed by the midwife and,
in case of any discrepancy, the advice was corrected. In general,
experienced parents’ advice was appropriate and practical, and
overall, parents also appreciated a conducive milieu to express
their concerns and felt validated.

The app was successful because most participants no longer felt
alone but emotionally supported by both the midwife and other
parents. Sharing their experiences with other parents who are
undergoing similar encounters can create a sense of belonging
within a particular community as well as enhance their social
support. Both factors are essential in enhancing parents’
psychological well-being [23]. Similarly, previous studies
[36,37] demonstrated that the midwife offers emotional support
to parents as opposed to providing support that is solely
informative or didactic, which is commonly observed among
health care professionals. The finding that parents can feel
supported through the mHealth app implies that personal
encounters or direct communication is no longer the only way

for individuals to gain emotional support; moreover, with the
rise in the utilization of technology and social media,
information technology might be an alternative means of
extending emotional support [23].

All participants demonstrated their keenness to use the app in
future childbearing or to recommend it to their friends who
might be expecting, showing their receptiveness and satisfaction
toward using this app. This receptivity may be attributed to the
essence of anonymity that comes with using information
technology, enabling parents to ask questions openly without
feeling embarrassed about their uncertainty [24].

The participants felt more confident in performing parenting
tasks because they felt adequately guided through the videos
and the support they received from the midwife and other
parents. Most participants also expressed that the midwife was
very encouraging and reassuring in her feedback, which instilled
in them the confidence to perform the tasks at hand. According
to Bandura’s theory of self-efficacy [29], verbal persuasion is
another way to enhance self-efficacy. Individuals who are
continually reminded that they harness the ability to become
proficient at various tasks will be more likely to muster up the
courage and effort to work toward achieving it [34,38].

Strengths and Limitations
This study is the first to evaluate the technology-based postnatal
educational program qualitatively among the multiethnic parents
in Singapore. The qualitative approach provided the in-depth
perspectives of new parents in receiving the mHealth app–based
educational program. This study also has few limitations. It may
not be representative of the entire population because a high
proportion of the participants were of high economic status
(employed, educated, and had high income). In addition, the
study focused only on English-speaking parents. Future studies
should include multilingual participants with differing
socio-economic backgrounds. Moreover, only parents’
perspectives were captured in the usefulness of the program.
Future research could explore the views of the involved
midwives or health care professionals regarding the feasibility
or acceptability of such a program in their professional practice.

Conclusions
Technological advancement and social media usage provide the
impetus for health care to invest in the development of
information technology to render accessible and efficient care.
This research provides insights into the use of technology in
providing support to new parents during the postnatal period.
Specifically, it details parents’ perceptions on the content and
effectiveness of the mHealth app on their satisfaction and
well-being. Future studies should continue to evaluate the use
of information technology, especially across the perinatal period.
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Abstract

Background: Given the concerns about bullying via electronic communication in children and young people and its possible
contribution to self-harm, we have reviewed the evidence for associations between cyberbullying involvement and self-harm or
suicidal behaviors (such as suicidal ideation, suicide plans, and suicide attempts) in children and young people.

Objective: The aim of this study was to systematically review the current evidence examining the association between
cyberbullying involvement as victim or perpetrator and self-harm and suicidal behaviors in children and young people (younger
than 25 years), and where possible, to meta-analyze data on the associations.

Methods: An electronic literature search was conducted for all studies published between January 1, 1996, and February 3,
2017, across sources, including MEDLINE, Cochrane, and PsycINFO. Articles were included if the study examined any association
between cyberbullying involvement and self-harm or suicidal behaviors and reported empirical data in a sample aged under 25
years. Quality of included papers was assessed and data were extracted. Meta-analyses of data were conducted.

Results: A total of 33 eligible articles from 26 independent studies were included, covering a population of 156,384 children
and young people. A total of 25 articles (20 independent studies, n=115,056) identified associations (negative influences) between
cybervictimization and self-harm or suicidal behaviors or between perpetrating cyberbullying and suicidal behaviors. Three
additional studies, in which the cyberbullying, self-harm, or suicidal behaviors measures had been combined with other measures
(such as traditional bullying and mental health problems), also showed negative influences (n=44,526). A total of 5 studies showed
no significant associations (n=5646). Meta-analyses, producing odds ratios (ORs) as a summary measure of effect size (eg, ratio
of the odds of cyber victims who have experienced SH vs nonvictims who have experienced SH), showed that, compared with
nonvictims, those who have experienced cybervictimization were OR 2.35 (95% CI 1.65-3.34) times as likely to self-harm, OR
2.10 (95% CI 1.73-2.55) times as likely to exhibit suicidal behaviors, OR 2.57 (95% CI 1.69-3.90) times more likely to attempt
suicide, and OR 2.15 (95% CI 1.70-2.71) times more likely to have suicidal thoughts. Cyberbullying perpetrators were OR 1.21
(95% CI 1.02-1.44) times more likely to exhibit suicidal behaviors and OR 1.23 (95% CI 1.10-1.37) times more likely to experience
suicidal ideation than nonperpetrators.

Conclusions: Victims of cyberbullying are at a greater risk than nonvictims of both self-harm and suicidal behaviors. To a lesser
extent, perpetrators of cyberbullying are at risk of suicidal behaviors and suicidal ideation when compared with nonperpetrators.
Policy makers and schools should prioritize the inclusion of cyberbullying involvement in programs to prevent traditional bullying.
Type of cyberbullying involvement, frequency, and gender should be assessed in future studies.
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Introduction

Cyberbullying
Bullying is an aggressive, intentional act carried out by a group
or an individual repeatedly and over time against a victim who
cannot easily defend himself or herself. Traditionally, bullying
could be direct—physical, verbal, or relational (eg, social
exclusion)— or indirect (eg, rumor spreading) [1]. However,
with the advent of electronic communication (eg, social media
and instant messaging) via the internet and mobile phones,
cyberbullying has emerged. This can be similarly defined, with
the addition that it occurs via electronic forms of contact [2].
As the harassment of victims takes place electronically, the
manner and timings in which they are targeted, as well as how
they cope in response, and the proximity of relationships
between victims and perpetrators, are uniquely different
compared with traditional bullying. Cyberbullying victimization
tends to occur at a later age, around 14 years, when children
spend more time on their mobile phones [3] and social
networking sites [4]. Perpetrators of cyberbullying have a degree
of anonymity not possible in traditional bullying, and the
potential exposure and embarrassment of the victim is on a
larger scale. It is possible to victimize a peer within their own
home or elsewhere at any time of day or night, and should they
remove themselves from the site, the messages often accumulate.
This presents new challenges for individuals, families, schools,
professionals, researchers, and policy makers.

The adverse impact of bullying on children and young people’s
lives, be they victim, perpetrator, or both, has long been
recognized [1]. Being bullied is often associated with mental
health problems (including depressive symptomatology),
self-harm (SH), and suicidal behaviors [5-9]. A meta-analysis
[7] found that traditional bullying was associated with general
anxiety, with an odds ratio (OR) of 2.55 (95% CI 1.28-3.83),
and depression, with OR 6.22 (95% CI 3.11-9.33). School
bullying (less than weekly) has been shown to be associated
with suicidal ideation (OR 2.79, 95% CI 1.64-4.75) and suicide
attempt (OR 2.66, 95% CI 1.58-4.47) [9]. Some studies have
found over 85% of those involved in cyberbullying are also
involved in traditional bullying and have suggested that health
issues associated with cyberbullying involvement are mediated
through traditional bullying [10]. The reported prevalence of
cyberbullying involvement varies widely across countries. This
reflects societal factors, stigma, and also differing interpretations
of “repeatedly and over time.” Estimates indicate that between
15% and 35% of young people have been victims of
cyberbullying and between 10% and 20% of individuals admit
to having cyberbullied others [11].

Previous Literature on Cyberbullying and Self-Harm
and Suicidal Behaviors
Four previous systematic reviews [12-15] have demonstrated
an association between cyberbullying involvement and SH or

suicidal behaviors. They included a maximum of 5 studies each;
8 in total between them with only 6 studies eligible for
meta-analysis [11,16-22]. The study by Daine et al [12], which
included 2 papers on this topic, concluded that cyberbullying
involvement was one of the most significant negative aspects
of the influence of the internet on SH but that this was an area
of research still in its infancy. Given the rapid expansion of
evidence in the field, the apparent rise in prevalence of SH [23],
and the changing nature of electronic communication in young
people, it is timely to reassess the literature.

The aim of this study was to systematically review the current
evidence examining the association between cyberbullying
involvement (as victim, perpetrator, or both) and SH and suicidal
behaviors in children and young people (younger than 25 years).
Where possible, we aimed to meta-analyze data on the
associations.

Methods

Search Strategy
A protocol for this review was registered with PROSPERO (ID:
CRD42017056487). This review was conducted in compliance
with the guidelines for Meta-Analyses and Systematic Reviews
of Observational Studies [24] and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines [25].

A literature search was conducted for all studies published in
English between January 1, 1996, and February 3, 2017. The
databases searched included the Cochrane Library, Medical
Literature Analysis and Retrieval System Online, PROSPERO,
PsycINFO, PubMed, and Scopus. Additional searches were
conducted in health improvement sources (eg, Health Evidence
Canada), topic-specific websites (eg, American Association of
Suicidology), and meta-search engines (Google). Gray literature
was further explored by contacting experts in the field for any
unreported or ongoing studies.

The following terms were searched in free text or keywords:

“Automutilation,” “Distress*,” “Emotion*,” “nssi,”
“((oneself or myself or self) adj2 (cut* or harm* or
hurt* or kill or injur* or mutilat*)),” “(psychological
adj (stress or distress)),” “SIB', 'Suicid*,” “Aol,”
“Askfm,” “Bebo,” “blog*,” “chat room* OR
chatroom*,” “cyber*,” “discussion forum,”
“e-communi*,” “e-material*,” “Facebook,”
“google*,” “hashtag,” “image sharing,” “Instagram,”
“instant messag*,” “internet*,” “live chat,” “live
journal*,” “meme,” “MSN,” “Myspace,” “on line OR
online,” “photo sharing,” “Pinterest,” “podcast*,”
“social network*,” “spam*,” “troll*,” “Tumblr,”
“tweet*,” “Twitter,” “video sharing,” “vine,”
“virtual*,” “vlog*,” “web*,” and “YouTube.”

The following terms were searched alongside the following
database subject headings:
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Medical subject headings: “self-injurious behavior,”
“stress, psychological,” “blogging,” “electronic mail,”
“internet,” “social media,” “social networking,”
“bullying,” “adolescent,” “child,” “students,” and
“young adult.”

Health Management Information Consortium:
“attempted suicide,” “self harm,” “suicide pacts,”
“suicide,” “bullying,” “cyberspace,” “internet,”
“internet websites,” “intranet,” and “world wide web.”

PsycInfo: “attempted suicide,” “self destructive
behaviour,” “self injurious behavior,” “suicidal
ideation,” “suicide prevention,” “cyberbullying,” and
“adolescent attitudes.”

Excerpta Medica dataBASE: “automutilation,”
“suicidal behaviour,” “suicide,” “bullying,” “internet,”
“social network,” “adolescent,” “child,” and “young.”

Study Selection

Inclusion and Exclusion Criteria
Included studies were those which examined any association
between cyberbullying involvement (victimization or
perpetration) and SH or suicidal behaviors and included
empirical data in a sample aged younger than 25 years. The
criteria used to determine eligibility for inclusion in the study
were based on the study by Daine et al [12]. These are shown
in Multimedia Appendix 1.

Screening
A stepwise screening process was performed independently by
two researchers (AJ and AG). Initially, title and duplication
manual screening was conducted. Titles with no relevance to
the study were excluded. Any disagreements between reviewers’
categorizations were put forward for abstract review. In the
second stage, the remaining titles and abstracts were screened.
Reference lists of review articles and included articles were
manually screened for relevant studies. Studies were forwarded
to the third stage of full-text article screening if they met the
inclusion criteria or a decision could not be made on title and
abstract alone. Any disagreements were resolved by consensus
with a third reviewer (AM).

Included papers that investigated cyberbullying involvement
(victimization or perpetration) and SH or suicidal behaviors and
reported empirical data in a sample under the age of 25 years
were forwarded for detailed analysis of their methodology and
content.

Study Quality and Data Extraction
The quality of included papers was assessed independently by
two reviewers (AG and AM) using the Critical Appraisal Skills
Programme [26]. This program assesses multiple aspects of
each paper in detail, including study design, representativeness
of sample, bias, aspects of data collection, use of validated
outcome measures, and whether conclusions reflect results. A
quality rating of low, medium, or high was obtained using these
quality standards as per Daine et al [12].

A data extraction sheet, developed by Daine et al [12], was
adapted and used to record specific findings; identify themes;

and ascertain potential biases, limitations, and weaknesses. Data
were extracted independently by two reviewers (AG and AM).
In particular, data on the type of bullying involvement (victim
or perpetrator) and types of outcome measures were recorded.
The latter were measures of SH, suicide, and other suicidal
behaviors including suicide attempts and suicidal ideation, as
recorded in the study. SH was defined as an intentional act of
nonfatal self-injury or self-poisoning, regardless of intent or
motivation [27]. Suicidal behaviors included thoughts of suicide
or suicidal ideation, suicide plans, and suicide attempts [28].
Other outcomes such as mental health problems and traditional
bullying were only extracted if it was possible to distinguish
their relationship to cyberbullying involvement and SH or
suicidal behaviors. Any disagreements at this stage were
resolved by consensus with a third reviewer (AJ). Data were
stored in Statistical Package for the Social Sciences (SPSS)
version 22 (IBM Corp).

Prevalence
All available data were collected on the prevalence rates of
cybervictimization for the total study population. Weighted
prevalence rates were then calculated based on the differing
populations of each study [29]. Individual study weights were
calculated using each study population total with respect to the
sum total of all study populations eligible for inclusion.
Subsequently, it was possible to calculate a simple weighted
average for the overall prevalence. Studies that did not include
data on prevalence or where the prevalence was based on one
sex only were excluded from the overall weighted calculation.

Meta-Analysis
Studies with outcomes relating to SH, suicidal behaviors, suicide
attempts, and suicidal ideation were assessed for suitability for
meta-analysis. Decisions on the appropriateness of meta-analysis
were based on consistency of outcome measures and level of
heterogeneity between studies.

The common effect size index, the log of the OR, was used in
the meta-analysis. Other types of effect sizes were transformed
into this before the analysis. Inclusion criteria for the effect size
index were based on the recommendations of Borenstein et al
[30]. Reanalyses of raw data or conversions were performed
only when necessary. Studies that did not include measures of
precision with their results, that is, a corresponding CI or P
value, were excluded from meta-analysis as these are required
to calculate corresponding variances [31]. Final results were
transformed from the log of the OR to the OR for presentation.
The OR is here defined as the ratio between the odds of an
individual who is involved in cyberbullying having experienced
SH or suicidal behaviors and the odds of an individual who is
not involved in cyberbullying having experienced SH or suicidal
behaviors.

Where a study presented more than one effect size eligible for
a meta-analysis, the most appropriate measure to maintain
homogeneity of outcomes was included, for example, “suicide
attempt” was chosen over “suicide attempt requiring medical
treatment.” However, where it was not possible to make such
a distinction between two eligible outcomes (eg, female and
male populations), the effect sizes were combined as an average
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based on the recommendations of Borenstein et al [30]. If a
study presented results in such a way that it was not possible to
disaggregate outcomes of interest from other measures not
considered in this review (eg, combined with mental health
problems or with other forms of bullying), then the study was
excluded from meta-analysis. Where two or more studies based
on the same study population were eligible for meta-analysis,
the study with the greatest sample size was included. Where a
study presented results in terms of a range of frequencies (eg,
“rarely,” “sometimes,” and “often”), the best average fit was
chosen, that is, “sometimes” would be chosen over “rarely” or
“often” for inclusion. Further details of the method are available
in Multimedia Appendix 2.

Meta-analysis was performed using Matlab R2015a. The
DerSimonian and Laird random-effects model was employed.
Forest plots, summary effect sizes, CIs, P values, and measures

of heterogeneity in the form of the Q- and I2-statistics were

calculated. The I2-statistic was interpreted as per Higgins et al

[32]: low (25%≤I2<50%), moderate (50%≤I2<75%), and high

(I2
 ≥75%).

Meta-regressions, sensitivity analyses, and funnel plots were
conducted to assess the effects of potential confounders, where
relevant, and publication bias, where the number of eligible
studies allowed for a robust assessment. The methods used are
described in Multimedia Appendix 2.

Results

In total, 153 citations were identified by all electronic searches.
A flowchart of the results of the search strategy and screening
process is detailed in Figure 1.

Description of Included Studies
A total of 33 articles were eligible for inclusion in the review
and forwarded for data extraction, comprising 26 independent
studies and 156,384 individual participants. In total, 19 studies
were from the United States; 7 from Canada; 1 each from
Belgium, the Netherlands, Taiwan, Hong Kong, South Korea,
and Australia; and 1 study that was conducted based on data
from a combination of 24 different European nations [33]. All
papers were based on observational studies: 28 cross-sectional
based on survey data, 3 case-control studies, 1 cohort study
[34], and 1 ecological study [33]. Multimedia Appendix 3
summarizes the aims, quality ratings, and findings of the
included articles.

Study Populations
Of the 26 independent studies (33 articles), 20 were based on
unique populations, whereas 6 independent studies (13 articles)
had populations shared by at least one other article. Those
articles that shared study populations were as follows: Schenk
et al [22,35]; Bauman et al [18] and Romero et al [36]; Alavi
et al [37] and Roberts et al [38]; Cénat et al [39] and Hébert et
al [40]; Hay and Meldrum [16] and Hay et al [41]; and Messias
et al [42], Reed et al [43], and Kindrick et al [44]. Further details

of these study populations are available in Multimedia Appendix
4.

Excluding duplicate populations [35-37,39,41,43,44], the total
number of unique participants was 156,384, with a mean of
6015 and median of 2243 individuals per study. Most studies
included both female and male participants (often not reported
separately). However, 2 studies included one sex only [36,45].
The youngest reported mean participant age was 12.5 years
[34], whereas the oldest was 20.0 years [22,35].

Cyberbullying Involvement
Cybervictimization was analyzed in 25 included studies
[16,17,20,22,33,34,37-44,46-56]; 7 studies examined both
cybervictimization and cyberbullying perpetration [11,
18,19,21,36,45,57], and 1 study investigated cyberbullying
perpetration, but also included those who were both victims and
perpetrators [35]. Inclusion in one of these groups was most
commonly assessed by a participant’s yes or no response to a
single question. For example, 7 studies used a question from
the Youth Risk Behavior Survey: “During the past 12 months,
have you ever been electronically bullied? (include being bullied
through email, chat rooms, instant messaging, websites, or
texting).” A total of 29 studies were based on self-report
questionnaires, 2 on researcher-completed ones [33,52], and 2
on retrospective reviews of patients’ medical records [37,38].

Only 4 studies [11,19-21] reported the medium through which
cyberbullying (victimization and perpetration) occurred. The
three most commonly experienced forms of victimization
reported by Hinduja and Patchin [11] were as follows: “email”
(18.3%), “instant message” (16.0%), and “MySpace” (14.2%),
whereas the most common forms of perpetration were as
follows: “posted something online about another person to make
others laugh” (23.1%), “sent someone a computer text message
to make them angry or to make fun of them” (13.7%), and “took
a picture of someone and posted it online without their
permission” (12.1%). Goebert et al [20] reported wide ranges
of the medium of cybervictimization used across different Asian
and Pacific Islander ethnic groups, for example, “text”
(18.5%-27.8%). No direct associations could be calculated
between medium of cyberbullying involvement and the SH or
suicidal outcomes because of the way the data were collected
and presented. Multimedia Appendix 5 displays the measures
used in all 33 studies.

The findings of Elgar et al [49] and Kodish et al [50] suggested
that the health consequences of cybervictimization are not
completely attributable to its co-occurrence with face-to-face
bullying. Similarly, the correlations reported in Fu et al [33]
between cybervictimization and unnatural child deaths were
independent of traditional bullying.

Prevalence of Cybervictimization
On the basis of 20 eligible studies (116,433 individuals), 12.6%
(95% CI 12.4%-12.7%) of individuals had experienced
cybervictimization. Weighted prevalence and prevalence by
study are shown in Multimedia Appendix 6.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart displaying the different stages of the screening
process.

Outcomes
Measures of SH were assessed in 19 articles (14 independent
studies), suicidal behaviors in 32 articles (25 independent
studies), suicide attempts in 16 articles (12 independent studies),
and suicidal ideation in 27 articles (20 independent studies).
One study [52] measured “thoughts of self-harm.” No studies
included death by suicide as an outcome, but 1 study [33]
explored the association between cybervictimization and
unnatural child death, which included suicides, accidental
deaths, and death by assault. Outcomes and measures used are
included in Multimedia Appendix 5.

Associations Between Cyberbullying Involvement and
Self-Harm and Suicidal Behaviors
A total of 25 articles reported a positive association or negative
influence of cyberbullying involvement (victimization or

perpetration) on SH and suicidal behaviors; 3 [33,40,53] found
negative influences in analyses in which the cyberbullying, SH,
or suicidal behaviors measures had been combined with other
measures; and 5 [19,21,36,52,56] found no significant
association (2 of these articles [19,21] reported the proportion
of cyber victims who had experienced SH and suicidal
behaviors, but not that of nonvictims, meaning that no
association could be determined).

Six meta-analyses were conducted (Table 1). Figure 2 displays
the forest plots of the meta-analyses relating to
cybervictimization, and Figure 3 displays those relating to
cyberbullying perpetration. Further details of the measures
included in all meta-analyses are available in Multimedia
Appendix 4.
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Table 1. Results of all meta-analyses performed. OR: odds ratio.

I2 (%)P QQT 2P zzln OR (95 % CI)OR (95 % CI)nkMeasureCyberbullying
group

94.28<.001174.920.30<.0014.760.85 (0.50-1.21)2.35 (1.65-3.34)85,96711Self-harmVictimization

92.22<.001256.940.15<.0017.450.74 (0.55-0.94)2.10 (1.73-2.55)116,61621Suicidal behaviorsVictimization

94.75<.001171.480.39<.0014.410.94 (0.52-1.36)2.57 (1.69-3.90)85,54110Suicide attemptVictimization

90.48<.001157.620.17<.0016.390.76 (0.53-1.00)2·15 (1.70-2.71)103,77416Suicidal ideationVictimization

72.14.00614.360.02.032.190.19 (0.02-0.37)1.21 (1.02-1.44)40625Suicidal behaviorsPerpetration

23.35.273.910.00<.0013.750.21 (0.10-0.32)1.23 (1.10-1.37)38114Suicidal ideationPerpetration

Cybervictimization and Self-Harm
A total of 11 independent studies [11,16,18,20,42,48,50,54,55]
(n=85,967) were eligible for meta-analysis of the association
between cybervictimization and SH (Figure 2). A total of 7
articles were rated high quality, and 4 were rated medium. The
meta-analysis produced OR 2.35 (95% CI 1.65-3.34).

Cybervictimization and Suicidal Behaviors
An empirical association between cybervictimization and
suicidal behaviors was identified in 32 articles. Of these, 11
were of high quality, 16 medium, and 5 low. Regression
coefficients ranged from beta=.15 (P<.01) for suicide risk [50]
to beta=.97 (P<.001) for suicidal behavior [51]. ORs ranged
from 1.73 (95% CI 1.26-2.38) for suicide attempt [54] to 6.32
(95% CI 1.44-8.69) for suicidal ideation [47]. Schenk et al [22]

(medium quality) applied a χ2 goodness-of-fit producing

χ2
2138=9.1 (P=.03) when the frequencies of suicidal planning

and attempts between cyber victims and controls were compared.
Five papers found no significant association between
cybervictimization and measures of suicidal behaviors
[19,21,36,52,56].

A total of 21 studies [11,16-18,20,22,34,38,39,
42,45-52,54,55,57], with 116,616 participants, were included
in the meta-analysis (Figure 2). Of these, 9 studies were rated
high quality, 11 medium, and 1 low [38]. A number of studies
were excluded from meta-analysis as a subsample of another
study or for being ineligible [19,21,35-37,40,41,43,44,53,56].
The meta-analysis produced OR 2.10 (95% CI 1.73-2.55).

Cybervictimization and Suicide Attempt
A total of 10 studies [11,17,18,20,42,48-50,54,55] with 85,541
participants were eligible for inclusion in meta-analysis for this
association (Figure 2). Of these, 7 studies were rated high quality
and 3 as medium quality. The summary effect size of the
association between cybervictimization and suicide attempt was
OR 2.57 (95% CI 1.69-3.90).

Cybervictimization and Suicidal Ideation
A total of 16 studies [11,16,17,22,34,38,39,42,46,47,49] with
103,774 participants were included in the meta-analysis for this
association (Figure 2). Of these, 7 studies were rated high
quality, 7 medium quality, and 2 low quality. The summary

effect size for this meta-analysis was OR 2.15 (95% CI
1.70-2.71).

Cyberbullying Perpetration and Suicidal Behaviors
The association between cyberbullying perpetration and suicidal
behaviors was examined in 6 papers [11,18,35,36,45,57] (5
independent studies [11,35,36,45,57] with 4062 participants).
Of the 5 studies included in the meta-analysis, 1 study was rated
high quality, 3 medium, and 1 low. Combination of effect sizes
was again applied where appropriate. The summary effect size
for this association was OR 1.21 (95% CI 1.02-1.44).

Cyberbullying Perpetration and Suicide Attempt
Three articles [11,18,36] examined this association. One [11]
found an OR of 1.49 (P<.05). Bauman et al [18] reported a
direct effect of beta=.14 (P<.05) for males only, whereas a study
based on a subsample of its population [36] found no significant
effect. Meta-analysis was not conducted for the association
between cyberbullying perpetration and suicide attempt as only
2 studies would be included.

Cyberbullying Perpetration and Suicidal Ideation
A total of 4 studies [11,35,36,57], with 3811 participants, were
included in this meta-analysis. Of these, 1 was rated high quality,
2 medium, and 1 low. A summary effect size of OR 1.23 (95%
CI 1.10-1.37) was produced for this association.

Heterogeneity between studies was both high and statistically
significant in all cybervictimization meta-analyses.
Heterogeneity was moderate and significant for the association
between cyberbullying perpetration and suicidal behaviors, but
nonsignificant for that of suicidal ideation. All calculated values

of I2 are displayed in Table 1.

Further Analyses
Two meta-regressions were performed: the first, for prevalence
of traditional victimization against effect size for
cybervictimization and suicidal behaviors, returned a
standardized coefficient of beta=−.84. The second was for
prevalence of traditional victimization against effect size for
cybervictimization and suicidal ideation, producing a coefficient
of beta=−.89. Both results were significant to the P<.001 level.
This means that with increasing prevalence of traditional
victimization comes a decrease in study effect size for the
association between cybervictimization and suicidal behaviors,
as well as that of cybervictimization and suicidal ideation.
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Figure 2. Forest plot of cybervictimization meta-analyses. OR: odds ratio.
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Figure 3. Forest plot of cyberbullying perpetration meta-analyses. OR: odds ratio.

A sensitivity analysis was conducted based solely on articles
using a school-based sample. When compared with the results
of the original meta-analyses, no significant difference was
observed. We also conducted a sensitivity analysis based on
articles that reported cybervictimization and traditional
victimization separately, or which controlled for traditional
victimization in their analyses. For each of the four
cybervictimization meta-analyses, this produced greater ORs
than those of the original meta-analyses, for example, SH
produced OR 3.09 (95% CI 2.36-4.04) compared with OR 2.35
(95% CI 1.65-3.34), whereas suicidal behaviors produced OR
2.35 (95% CI 1.56-3.54) compared with OR 2.10 (95% CI

1.73-2.55). Fewer articles were included in each meta-analyses
when restricted in this way (k=5 for SH, k=8 for suicidal
behaviors, k=5 for suicide attempt, and k=6 for suicidal
ideation).

Funnel plots were created for the cybervictimization and suicidal
behaviors meta-analysis and cyberbullying perpetration and
suicidal behaviors meta-analysis. These displayed no clear signs
of publication bias.

More details regarding the results of the meta-regressions and
sensitivity analyses, as well as figures for the funnel plots are
available in Multimedia Appendix 4.
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Discussion

Principal Findings
A total of 26 independent studies (33 articles) were included in
this review covering a population of 156,384 children and young
people younger than 25 years. A total of 20 independent studies
(25 articles) found positive associations (negative influences)
between cyberbullying victimization and SH or suicidal
behaviors, or between cyberbullying perpetration and suicidal
behaviors. One article [33] found an association (negative
influence) between cybervictimization and unnatural child death
(which included suicide). Two further articles [40,53], where
the cyberbullying, SH, or suicidal behaviors measures had been
combined with other measures, found negative influences. No
significant associations were reported in 5 articles
[19,21,36,52,56]. No positive influences of cyberbullying
involvement were reported.

These associations were quantified in 6 meta-analyses: those
who have experienced cybervictimization are 2.35 times as
likely to SH, 2.10 times as likely to exhibit suicidal behaviors,
2.57 times more likely to attempt suicide, and 2.15 times more
likely to have suicidal thoughts than nonvictims. Cyberbullying
perpetrators were 1.21 times more likely to exhibit suicidal
behaviors and 1.23 times more likely to experience suicidal
ideation than nonperpetrators.

These findings were comparable with those found for traditional
victimization in previous studies. One meta-analysis [13]
reported ORs of 2.23 (95% CI 2.10-2.37) for the association
between traditional victimization and suicidal ideation and OR
2.55 (95% CI 1.95-3.34) for suicide attempt. Another recent
meta-analysis [58] also reported elevated odds of suicidal
ideation and suicide attempt for victims of traditional bullying,
with ORs of 1.77 (95% CI 1.56-2.02) and OR 2.13 (95% CI
1.66-2.73), respectively.

Only 5 of our eligible articles [17,33,42,48,50] presented results
for cyberbullying independently of traditional bullying, with
the relative contributions of both types of bullying impossible
to determine in the majority of cases because results for
cyberbullying involvement did not preclude the simultaneous
occurrence of traditional bullying. We performed sensitivity
analyses based on those articles that reported cyberbullying or
traditional victimization separately or those that controlled for
traditional victimization. In each case, ORs were greater than
those of the original related meta-analyses, this suggests that
cybervictimization could have a greater effect on SH and
suicidal behaviors than does traditional victimization. It should
be noted, however, that these sensitivity analyses were based
on significantly fewer articles. Other evidence was also found
suggesting that the effect of cybervictimization on SH and
suicidal behaviors acted independently of its co-occurrence with
traditional bullying [33,49,50], as well as some evidence of a
cumulative effect [17,42,44,56] on SH and suicidal behaviors
for the two types of bullying, although this was not seen in all
studies [50]. We performed a meta-regression that showed that
effect size decreased for cybervictimization and suicidal
behaviors as the prevalence of traditional victimization
increased. This was also seen for effect sizes in

cybervictimization and suicidal ideation. This suggests that
cybervictimization has a large effect on its own, but is less
important when there are higher levels of traditional
victimization present. It is possible that cyberbullying, which
enables perpetrators to remain anonymous, has changed and
extended the characteristics of both victims and perpetrators.
Individuals who, in the nonvirtual world, were unlikely to be
victimized as they were able to respond in person may be more
vulnerable online where perpetrators may not be identified and
are possibly emboldened in a way that they would not be
face-to-face. Two recent cross-sectional studies have tried to
shed some light on this issue, with one [59] finding that only
1% of adolescents reported being pure cyber victims, whereas
the other [60] found traditional bullying to be far more common
than cyberbullying, which should be taken into account when
interpreting our findings.

Twenty-five new articles were identified since the previous
systematic reviews and meta-analyses [12-15]. Van Geel et al
[13] found that cybervictimization was more strongly related
to suicidal ideation (OR 3.12, 95% CI 2.40-4.05) than in our
meta-analysis; however, we included 13 more studies. Across
studies, the weighted cybervictimization prevalence was
calculated as 12.6% (95% CI 12.4%-12.7%). This is lower than
estimates reported in some individual studies [11] of between
15% and 35%. A recent review of cyberbullying highlighted
that variability in reported prevalence across studies was
dependent on time frames and frequency of cyberbullying used
in questions [61].

Limitations
All included studies were observational in design and prone to
bias (eg, recall and ecological fallacy). No conclusions can be
drawn regarding causality and temporality from cross sectional
or case-control studies. Indeed, the possibility of reverse
causality (ie, that SH or suicidal behaviors influence
cyberbullying involvement) is currently not accounted for in
the literature because of these limitations in study design.
However, such study designs are appropriate, as manipulation
of the level of exposure to cyberbullying involvement would
be unethical [12]. We were unable to calculate the prevalence
of both cyberbullying perpetration, SH, and suicidal behaviors
because of a lack of relevant information.

Definitions of cyberbullying varied across studies. Few authors
conducted their analyses by frequency of cyberbullying
involvement. There is a lack of agreement among researchers
as to the exact concept being researched, that is, electronic
bullying (email and texts) and online internet harassment, as
well as levels of repetition required and intentions of
perpetrators. This has been highlighted in a recent review of
cyberbullying [61] as the reason why such a broad range of
instruments are used to assess cyberbullying. Although these
issues may reflect the changing nature of communication
technology and its use by young people, it does have an impact
on case ascertainment. Future studies should do more to clarify
the type of bullying under consideration, including expanding
on the different mediums and modes of cyberbullying. For
example, by making it clear if texts, social media, or emails are
received (medium) and whether these were sent or received by
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just one individual or by an entire group (mode). This would
allow for more precise analysis of whether these aspects had
differential effects on outcomes, enabling those working in
bullying prevention programs to equip children and young
people with more closely tailored strategies for dealing with
cybervictimization. We excluded one study [62] that asked
“Have you ever felt hurt by a message you have seen on the
internet or on a mobile website?” as it did not necessarily imply
that the individual had “felt hurt” more than once, nor that the
message was directed toward them.

Validated questionnaires were rarely used to determine SH and
suicidal behaviors. Often these were assessed through the
response to a single question from self-report surveys. Even
where a more detailed methodology was employed, SH and
suicidal status were often dichotomized, with all levels of
severity grouped together (attempts, plans, and thoughts) to
create outcomes such as suicidality and suicidal behaviors
[35,45,50,51]. This will have had an impact on effect sizes. In
particular, we were unable to distinguish the severity of suicidal
ideation. Similarly for the SH and suicidal behavior
meta-analyses, where it was not possible to isolate a single
measure from two or more eligible measures, we computed a
combined average with corresponding variance
[11,17,18,42,46,49,54,55]. Although the pragmatic approach
we employed was in keeping with both methodological guidance
[30] and the literature [35,45,50,51], we acknowledge it may
have had an impact on effect sizes in these meta-analyses and
may appear reductive. It should be noted however that this was
done for only a small proportion of papers per meta-analysis.
We also computed a combined average when included studies
presented results for females and males separately [18]. Only
1 ecological study assessed deaths [33] and found that countries
with higher rates of cybervictimization were more likely to have
higher incidence of unnatural child death, which included
suicide. However, causality cannot be inferred from this type
of study design, and there may be many other influences on
deaths, including suicide. Few articles employed any statistical
strategies to reduce bias because of confounding factors. Only
4 articles [22,35,47,53] used matching or propensity scoring
while conducting their analyses, and this should be taken into
account while interpreting our findings.

Sex differences in SH and suicidal behaviors are well recognized
[63], yet, only 6 papers examined this with regard to
cyberbullying [18,34,39,41,43,56], with conflicting results. We
were unable to allow for the effects of other confounders in our
meta-analyses (eg, past history of mental disorders or traditional
bullying or suicidal behaviors), as these were either not reported,
or reported in a way that did not allow us to distinguish them.
Similarly, current traditional bullying involvement or mental
health issues were presented in such a way that we could not
distinguish whether individuals were suffering from more than
one outcome (eg, whether cyber victims were suffering from
both SH and mental health problems) or often one or more type
of bullying. That we were unable to fully account for these two
important factors in our analysis should be considered as perhaps
the biggest limitation of our review. However, this is a reflection
of current literature that should be addressed in future, ideally
longitudinally designed, studies.

Some studies were excluded from certain meta-analyses where
it was not possible to calculate the standard error for the effect
size given the data presented [18,56]. As expected, the
random-effects model indicated that variation in effects between

studies existed. The high degree of heterogeneity (I2) observed
between studies may reflect the varying victimization
populations (case definitions and ascertainment), settings, and
methodologies used in the calculation of individual effect sizes.
Sensitivity analysis was performed for articles in which
school-based samples were used. This revealed no significant
change in effect sizes or heterogeneity across any of the
outcomes examined and suggests that there exists some
unexplained variance other than setting in this instance.

Heterogeneity of studies was particularly high for articles
examining cyberbullying perpetration, and the quality of
research was lower than that of cybervictimization. Only 8
articles investigated cyberbullying perpetration, with just 1 rated
as high quality. It should be noted that the high degree of
heterogeneity between studies (for both cybervictimization and
perpetration) is a major limitation of the review. We
acknowledge that the interpretation of summary OR statistics
can be problematic. ORs and the relative risk diverge only when
there are large effects (a twofold or threefold increase in risk)
for groups already at a large initial risk. However it should be
noted that where this occurs the interpretation is the same: these
are large effects. We have presented CIs with our summary
measures to address this issue.

We used funnel plots to investigate whether there were any
signs of publication bias in our review. These gave no indication
of bias, though it must be noted that the plot for cyberbullying
perpetration was based on a low number of articles (k=5).
However, despite conducting an extensive search, we cannot
rule out the effects of publication bias on our results, and we
only included English language studies. We attempted to address
this by the breadth of our search; we identified many new studies
compared with previously published reviews.

Implications
This study highlights the significant impact that cyberbullying
involvement can have on children and young people.
Cybervictimization is a risk factor for SH and suicidal behaviors
as is, to a lesser extent, cyberbullying perpetration for suicidal
behaviors and ideation. Cyberbullying involvement should be
considered by policy makers who implement bullying prevention
(in addition to traditional bullying) and safe internet use
programs. School, family, and community programs that
promote appropriate use of technology are important. Prevention
of cyberbullying should be included in school antibullying
policies, alongside broader concepts such as digital citizenship,
online peer support for victims, how an electronic bystander
might appropriately intervene, and more specific interventions
such as how to contact mobile phone companies and internet
service providers to block, educate, or identify users. Suicide
prevention and intervention is essential within any
comprehensive antibullying program and should incorporate a
whole-school approach to include awareness raising and training
for staff and pupils.
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A strong link between being a cyber victim and a perpetrator
was found in some studies [18,36,45] This duality can
particularly put males at higher risk of depression and suicidal
behaviors [18]. These vulnerabilities should be recognized at
school so that cyberbullying behaviors are seen not as
disciplinary issues but as an opportunity to support vulnerable
young people. Antibullying programs and protocols should
address the needs of both victims and perpetrators. School
exclusion might contribute to an individual’s sense of isolation.
The relationship between cyber victims and suicidal behaviors
appears robust. It may be that the persistent and pervasive nature
of cybervictimization may lead to feelings of hopelessness,
which are associated with suicidal behaviors in adolescents [64].
Students who are cybervictimized are less likely to report and
seek help than those victimized by more traditional means
[65,66]. Therefore it is important for staff to encourage
help-seeking in relation to this issue.

Clinicians working with children and young people and
assessing mental health issues should routinely ask about
experiences of cyberbullying. The impact of cyberbullying
should be included in the training of child and adolescent mental
health professionals. Children and young people involved in
cyberbullying should be screened for common mental disorders
and SH.

The quality of study design, methods, and reporting in future
studies needs improvement. Only a third of included articles
(11 of 33) were rated as high quality, with 17 rated medium and
5 rated low. Validated psychometric instruments should be used
to assess the suicidal status of individuals wherever possible to
increase reliability and the ability to make comparisons across
populations. More detailed analysis of the medium of
cyberbullying (eg, via phones or instant messaging) should be
explored to investigate any differences in populations and
impact. The ability to distinguish media would support the
development of targeted prevention strategies.

Finally, researchers should investigate the mechanisms by which
mental disorders such as anxiety and depression mediate the

link between cyberbullying involvement and SH and suicide.
One study [18] found that depression mediated the link between
cybervictimization and suicide attempts for females only,
whereas perpetration was a direct predictor of suicide attempts
for males only. This suggests that gender specific strategies for
prevention and intervention may be helpful. Further research
exploring the mechanisms of these associations is required. For
cyberbullying perpetrators, a statement intended as a joke with
no harm intended, may have unforeseen consequences with
resultant guilt [18]. This association could be explored more
deeply in mixed-methods and qualitative studies to gain a deeper
understanding. Our review included no such studies. Future
studies could also collect information from parents, peers, and
teachers.

It is important to identify protective factors for children and
young people exposed to cyberbullying. Although some studies
[49] explored the moderating effects of social support (family
and peers) on cyberbullying and mental health problems, no
studies explored this in relation to SH and suicidal behaviors.
Other protective factors may include aspects of resilience, such
as internal locus of control and self-esteem [11].

Conclusions
In conclusion, our review suggests that cyber victims are at
greater risk of both SH and suicidal behaviors and, to a lesser
extent, perpetrators of cyberbullying are at greater risk of
suicidal behaviors than those with no cyberbullying
involvement. The evidence base in this field has grown rapidly,
but it is clear that the quality of future studies needs
improvement. This research area would benefit from a clear
definition of cyberbullying, assessed in longitudinal studies
using validated assessments of SH and suicidal behaviors.
Cyberbullying type, frequency, and gender should be explored.
This is important to support policymakers, teachers, parents,
clinicians, and others working with young people to make
informed decisions in the safeguarding of children and young
people.
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Abstract

Background: On December 6 and 7, 2017, the US Department of Health and Human Services (HHS) hosted its first Code-a-Thon
event aimed at leveraging technology and data-driven solutions to help combat the opioid epidemic. The authors—an
interdisciplinary team from academia, the private sector, and the US Centers for Disease Control and Prevention—participated
in the Code-a-Thon as part of the prevention track.

Objective: The aim of this study was to develop and deploy a methodology using machine learning to accurately detect the
marketing and sale of opioids by illicit online sellers via Twitter as part of participation at the HHS Opioid Code-a-Thon event.

Methods: Tweets were collected from the Twitter public application programming interface stream filtered for common
prescription opioid keywords in conjunction with participation in the Code-a-Thon from November 15, 2017 to December 5,
2017. An unsupervised machine learning–based approach was developed and used during the Code-a-Thon competition (24
hours) to obtain a summary of the content of the tweets to isolate those clusters associated with illegal online marketing and sale
using a biterm topic model (BTM). After isolating relevant tweets, hyperlinks associated with these tweets were reviewed to
assess the characteristics of illegal online sellers.

Results: We collected and analyzed 213,041 tweets over the course of the Code-a-Thon containing keywords codeine, percocet,
vicodin, oxycontin, oxycodone, fentanyl, and hydrocodone. Using BTM, 0.32% (692/213,041) tweets were identified as being
associated with illegal online marketing and sale of prescription opioids. After removing duplicates and dead links, we identified
34 unique “live” tweets, with 44% (15/34) directing consumers to illicit online pharmacies, 32% (11/34) linked to individual drug
sellers, and 21% (7/34) used by marketing affiliates. In addition to offering the “no prescription” sale of opioids, many of these
vendors also sold other controlled substances and illicit drugs.

Conclusions: The results of this study are in line with prior studies that have identified social media platforms, including Twitter,
as a potential conduit for supply and sale of illicit opioids. To translate these results into action, authors also developed a prototype
wireframe for the purposes of detecting, classifying, and reporting illicit online pharmacy tweets selling controlled substances
illegally to the US Food and Drug Administration and the US Drug Enforcement Agency. Further development of solutions based
on these methods has the potential to proactively alert regulators and law enforcement agencies of illegal opioid sales, while also
making the online environment safer for the public.
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Introduction

National Opioid Crisis
It is estimated that 90 Americans die daily by overdosing on
opioids, a staggering figure highlighting the human toll of this
public health crisis that continues to escalate [1]. Since the year
2000, an estimated 300,000 lives have been claimed by the
opioid epidemic, which has expanded beyond nonmedical use
of prescription opioids into transition of use to heroin addiction
and deaths occurring from illicitly manufactured synthetic
opioids (such as fentanyls and their analogues [2-5]).
Additionally, the US Centers for Disease Control and Prevention
(CDC) estimates that the annual economic losses from this crisis
equate to US $78.5 billion because of the costs of health care,
addiction treatment, the criminal justice system, and lost
productivity [6,7]. Rising death tolls and growing economic
burden (with CDC reporting a quadrupling of deaths attributable
to prescription opioids since 1999) have prompted certain state
jurisdictions and President Donald Trump to declare the opioid
crisis a public health emergency [8,9].

Responses to tackle the opioid epidemic have occurred at both
the state and federal level, largely focused on actions aimed at
reducing inappropriate prescribing, expanding opioid treatment
and prevention programs (including access to the opioid
antagonist and rapidly reversing overdose drug naloxone),
establishing prescription drug monitoring programs, preventing
drug diversion, and even the use of litigation against
pharmaceutical companies [5,8,10-13]. These approaches largely
fit into the five major priority areas outlined by the US
Department of Health and Human Services (HHS) to combat
the opioid crisis, which include improving access to treatment
and recovery services, promoting use of overdose-reversing
drugs, strengthening public health surveillance, enhancing
research on pain and addiction, and supporting better practices
for pain management. These strategic goals are being carried
out through investments in science, training, various mitigation
strategies, community-based activities, efforts to change
prescribing and management practices, and policy making
[13-15].

Seeking to further catalyze efforts around HHS’five-part opioid
strategy through technology and innovation, on December 6
and 7, 2017, the agency hosted an Opioid Code-a-Thon event
that brought together over 300 participants to develop
data-driven solutions to combat the opioid epidemic in three
challenge tracks (treatment, usage, and prevention tracks; see
Table 1) [16]. The Code-a-Thon, the first of its kind for HHS,
also involved partnership with several data science providers,
organizations, and platform sponsors, including Socrata,
Tableau, IEEE Standards Association, and Google. The event
provided participants access to a hosted data portal that included
deidentified datasets from HHS, federal, state, and local
governments, and the private industry (eg, datasets such as CDC

WONDER—Multiple Causes of Death, Medicare Part D
Prescribing Data—Centers for Medicare & Medicaid Services,
National Survey on Drug Use and Health—Substance Abuse
and Mental Health Services Administration, and Medical
Expenditure Panel Survey—Agency for Healthcare Research
and Quality), which were used by participants to build data
visualizations, interpret data in new ways, build analysis tools,
and propose broader solutions.

In total, over 50 teams competed and pitched their ideas through
two rounds of judging, with nine selected for a final round of
presentations. In the end, three winners were awarded prizes of
US $10,000 each to further develop and implement their
solutions [16]. The coauthors of this paper, comprising an
interdisciplinary public-private team with members from UC
San Diego—School of Medicine and Jacobs School of
Engineering, the CDC, and IBM, participated as team Ryan
Haight, as part of the prevention track (a track that asked for
solutions designed to predict and analyze the supply and
movement of legal and illicit opioids) and were selected as one
of nine finalists (for recorded video of Code-a-Thon presentation
visit the HHS YouTube video [17]). In this paper, we describe
the opioid challenge we addressed, the methods and solution
we used to address the challenge, the results of our analysis,
and provide a discussion on our approach to move this
innovation forward in an attempt to address the digital dangers
of opioid abuse via social media and illicit online sellers.

Opioid Challenge: Illicit Online Marketing of Sale of
Opioids Direct-to-Consumer via Twitter
We named our Code-a-Thon team after an 18-year old
adolescent from San Diego, California, who overdosed and died
after purchasing the prescription opioid Vicodin from a no
prescription internet seller in February 2001 [18,19]. The death
of Ryan Haight eventually led to passage of federal legislation,
the 2008 Ryan Haight Online Pharmacy Consumer Protection
Act (RHA), aimed at curbing illegal diversion of controlled
substances by making it a federal crime to purchase, sell, or
import controlled substances online without a valid prescription
as currently enforced by the US Drug Enforcement Agency
(DEA) [18].

However, since the enactment of RHA, internet technologies
have experienced rapid growth, with an estimated 84% and 65%
of adult Americans using the internet and social media
respectfully [20]. Furthermore, a survey conducted by the US
Food and Drug Administration (FDA) of adults who had made
purchases online found 23% had purchased a prescription
medication online [21]. Reflecting this trend of increasing
internet adoption and use of internet for health
information–seeking and e-commerce, online pharmacies have
also rapidly proliferated with an estimated 30,000 legitimate
and illegal sites (though it is estimated that 96% of these sites
fail to adhere to legal and safety requirements) in existence
[22-24].
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Table 1. Summary of US Department of Health and Human Services (HHS) Opioid Code-a-Thon challenge tracks.

Winning teamDescriptionTrack name

Visionist Inc, solution to assess unmet need for takeback
programs at pharmacies

Solutions used to better predict and analyze the supply and
movement of legal and illicit opioids

Prevention track

Origigami Innovations, developed model for real-time
tracking of overdoses

Solutions to improve access to effective treatment and recov-
ery services

Treatment track

Visionist Inc, solution to assess unmet need for takeback
programs at pharmacies

Solutions to help identify at-risk populations and their under-
lying risk characteristics of opioid misuse or abuse

Usage track

Of these tens-of-thousands of cyber-pharmacies, the internet
security firm LegitScript estimates that approximately 9% sell
controlled substances, with a separate report by the National
Association of Boards of Pharmacy (NABP), which reviewed
more than 11,000 online pharmacy websites, estimating that
13% illegally dispensed controlled substances [22,25,26].
Results from these studies also confirm findings from US
government investigations, including a 2004 study by the US
Government Accountability Office (GAO), where investigators
were able to purchase OxyContin, Percocet, and Vicodin from
no prescription online pharmacies, and a recent bipartisan report
detailing how Senate investigators were able to easily purchase
fentanyl online and have product shipped through the mail
[27-29].

Supplementing reports from the FDA, NABP, the GAO, and
Senate investigations, a number of published research studies
have also found that prescription opioids are readily marketed
and sold online, both pre and post RHA [30-35]. This includes
recent studies establishing a link between illicit online
pharmacies that use social media channels (primarily Twitter)
to market and directly sell opioids and other controlled
substances (including fentanyls) [34-37]. Growing social media
popularity among consumers and the fact that social media
platforms are generally less regulated compared with other parts
of the Web, such as indexed search engine results, may be
driving these trends (eg, in 2011, Google was fined US $500
million by the US Department of Justice for knowingly allowing
illegal ads for fraudulent pharmacies, including those selling
controlled substances, and has since instituted certain policies
for prevention [38]). The connection between illicit access and
social media is particularly concerning given that many social
media platforms are popular among young adults (a recent 2017
study reported that 30.85% of young adults used Twitter), a
population at specific and increasing risk to prescription opioid
addiction [39,40]. This clear risk to patient safety and the need
for technology-based solutions has also recently caught the
attention of the US Congress, with bipartisan letters from
senators Chuck Grassley and Diane Feinstein sent to Google,
Microsoft, Yahoo!, and Pinterest on February 15, 2018, warning
them of the how their platforms are facilitating the online sale
of illicit narcotics [41].

Hence, recognizing the need for innovative solutions leveraging
advances in infoveillance, big data, machine learning, and Web
forensic analysis, our team developed a method to detect
marketing and sale of controlled substances via Twitter by online
sellers. The main component of our solution was its use and
establishing the viability of a proof-of-concept protocol for an
unsupervised machine-learning algorithm to detect illicit online

opioid seller tweets. We also created a prototype wireframe of
a Web application to detect, classify, and report results for
potential use by stakeholders such as the DEA, FDA,
pharmaceutical manufacturers, and consumer patient safety
groups.

Methods

Overview
The analysis for this study was conducted in two distinct phases
including (1) Code-a-Thon challenge assessment and (2) “big
data” analysis using machine learning of a Twitter dataset. We
describe the design of our prototype Web application solution
with a wireframe demo in the Results and Discussion section.
The first phase involved coordinating with one of the coauthors
of this manuscript, who is currently a CDC Entrepreneur in
Residence, to scope out an appropriate challenge problem that
fit the specific objectives and appropriate track of the
Code-a-Thon (ie, addressing an under recognized threat in illegal
opioid supply and access), identify the relevant datasets needed
to address the challenge (ie, collecting a Twitter dataset
associated with opioids precompetition), and organize team
registration and logistics associated with Code-a-Thon
participation. The second phase comprised data analysis
conducted during the Code-a-Thon as described below. As this
study involved the collection and analysis of existing publicly
available data, it did not require institutional review board
approval, nor was that required for participation in the
Code-a-Thon.

Data Collection and Analysis
After determining the challenge problem in partnership with
CDC, we proceeded to collect messages (ie, tweets) published
on Twitter over a period of approximately 20 days from
November 15, 2017 to December 5, 2017 (the day before the
start of the Code-a-Thon). The public streaming application
programming interface (API) available from Twitter was used
with certain preselected keywords that were a combination of
International Nonproprietary Names and brand names of
commonly abused opioids. Our final keyword list contained the
terms codeine, fentanyl, hydrocodone, oxycodone, Oxycontin,
Percocet, and Vicodin.

Upon commencement of the competition, we used a machine
learning–based protocol to isolate word groupings associated
with tweets that mentioned marketing and purported sale of
prescription opioid drugs as has been carried out in prior studies
by the first and second author [34,35,37]. To identify relevant
tweets related to our challenge problem (ie, “signal” data) in
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large volumes of Twitter data (in the hundreds of thousands)
vs nonrelevant data (ie, “noise” that contains opioid-related
keywords but do not relate to online promotion or sale), the
application of machine learning is critical to achieve scale and
comprehensive analysis in a reasonable time frame compared
with approaches solely using manual annotation by human
coders.

Specifically, unsupervised methods such as topic models prove
to be useful in obtaining a summary of the underlying themes
present in large text corpora. As we wanted to use methods that
are able to capitalize on all the volume of our data collection,
we chose unsupervised topic modeling–based methods over
other approaches, such as those primarily based on analyzing
hashtag co-occurrences [42]. We used a model called the biterm
topic model (BTM) designed to detect themes and patterns in
corpora of short texts (such as tweets), which we have previously
used to examine prescription drug abuse behavior and online
marketing and access (see Figure 1 for summary of this
methodology) [35,43]. BTM was chosen because it is
specifically designed to work in scenarios where the length of
the documents or messages are short.

BTM (in its “learning” phase) first detected a preconfigured
number of themes from the filtered dataset of tweets containing
prescription opioid keywords. This produced a set of topics (or
word groupings) that are thematic summaries of the contents
of the entire set of tweets. The resulting word groupings are
used to inform the next steps in the methodology—which are
either identification of themes to detect signal associated with
illegal marketing and sales of prescription opioids and to
eliminate noise (discarding tweets that are deemed as “noisy”
to isolate signal tweets) and then reapplying BTM on the smaller
subset that has been filtered for noise until thematic saturation
is achieved.

However, to ensure that BTM was the most appropriate method
for this study, we also performed experiments with three other
topic models: (1) Latent Dirichlet allocation, (2) Nonnegative
Matrix Factorization, (3) and Kernel k-means. After each run
of each model, we calculated both the cluster purity and
perplexity scores for each of the topics and obtained the average
across all clusters. The cluster purity measures how tightly knit
each cluster of documents is, and hence, a higher purity is better.
The perplexity measures how good a language model is at
predicting words with a lower perplexity score being an
indication of a good language model. On the basis of these tests,
BTM scored higher across both metrics for different cluster
numbers. Hence, we felt confident that using BTM for this
particular data source had high performance compared with
other topic models.

Once the learning phase of BTM produced a set of themes (or
word groupings), each of the themes was manually annotated
to identify “signal” themes clearly associated with prescription
opioid marketing, distribution, and sale. Those themes that were
marked as relevant (eg, a theme that would typically marked as
being “relevant” is one with a combination of words including
“[prescription opioid drug name],” “buy,” “cheap,” “price,” and
“discount,” where these adjectives and “selling arguments” are
identified as used by online sellers) were then extracted for
further analysis to identify specific characteristics of the seller
or marketplace by retrieving the tweets that were highly
correlated with them using what is called the “inference” phase
of BTM [44]. Within this subset of tweets, any false positives
were first manually eliminated by two of our coauthors (TM
and EK) by discarding those tweets whose content did not have
a clear indication that the tweet was about the sale or promotion
of a prescription opioid.

For example, as we narrowly focus on tweets purportedly
offering online sale of opioids, only those tweets with hyperlinks
contained in the message of the tweet or other contact
information were considered. This produced a narrower group
of tweets that contained hyperlinks to external websites or
contract information for analysis. Hyperlinks were further
manually coded to determine if the link was still active (ie, still
redirecting to an external website vs a “dead” link that failed to
redirect to a working website or produced an error code),
whether it marketed or purported to directly sell an opioid
product, and classified according to the nature and type of seller
(eg, illicit online pharmacy, individual seller, or marketing
affiliate) [24]. TM and EK coded for false positive tweets and
the characteristics of links or websites independently and
achieved a high intercoder reliability for results (k= 0.94).
Discrepancies were resolved through reevaluation and
consensus.

For all “signal tweets” that were specifically categorized as
illegal online pharmacies, we also cross-referenced the URLs
of these websites with LegitScript’s external database that
includes a legal classification. LegitScript legal classification
is based on its own assessment of whether the website is (1)
“rogue”: vendor engaged in illegal, unsafe, or misleading
activity, (2) “unapproved”: vendor with a problem of regulatory
compliance or risk in one or more jurisdictions, (3) “unverified”:
not subject to LegitScript review or monitoring, or (4)
“legitimate”: passed LegitScript certification criteria [34,45].
LegitScript classification queries offer another layer of
verification regarding an online pharmacy’s legal status and can
help to confirm that the sites present high risk to consumers.
We also reviewed WHOIS data to determine the internet
protocol (IP) address and registered owner location for links
classified as online pharmacies.
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Figure 1. Summary of study methodology. API: application programming interface.

Results

Main Results
We collected data for approximately 20 days, resulting in a total
of 213,041 tweets used for our analysis. The number of
preconfigured themes was set to 100 during our BTM learning
phase. During our first run of BTM on the entire dataset, we
observed that a significant number of the word groupings were
related to fentanyl, all of which were news-related themes (see
examples in Table 2). This can be attributed to the high volume

of news events surrounding illicit fentanyl before the time of
the competition during the data collection phase. News
essentially adds noise to the dataset (ie, it does not contain
conversations related to online sales)—hence, we discarded
fentanyl from the data and were left with approximately 117K
tweets. Applying BTM on this smaller dataset gave clear signals
of certain selling argument word groupings with words such as
“buy,” “online,” “cheap,” “free,” “shipping,” and the name of
a prescription opioid. This demonstrates that fentanyl-related
tweets added noise to the dataset by suppressing signal data
(see examples in Table 3).
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Table 2. Some example themes that were obtained from the first round of biterm topic model (BTM).

Word groupingsExample theme

fentanyl, deaths, dangers, nations, drugs, china, learn, surge, dealsExample theme—1

fentanyl, man, police, charges, faces, arrest, brockton, bust, CalgaryExample theme—2

fentanyl, overdose, suspected, teen, life, drugs, dead, death, VancouverExample theme—3

Table 3. Some example themes that were obtained from the data after fentanyl-related tweets were removed (italics denotes relevant “signal” theme).

Word groupingsExample theme

cannabis, legalization, respect, completely, opinions, varying, meritsExample theme—1

drug, war, opposition, benches, friends, conservative, political, dead, propsExample theme—2

buy, online, pill, free, cheap, find, shipping, genericExample theme—3

Signal Twitter Data Analysis
Using the inference phase of BTM, we retrieved tweets that
were most correlated and second most correlated to selling
argument word groupings 0.32% (692/213,041). Of the total
692 tweets retrieved, 68.8% (476/692) contained hyperlinks.
After manually coding tweets associated with these hyperlinks,
we removed all duplicates (eg, retweets and identical tweets)
and also any tweets with dead links. From these tweets, 23
unique Twitter user accounts were identified, with one account
generating over 100K total tweets (containing both relevant and
nonrelevant content) in 1 year, a characteristic common to social
bot or spam accounts, a component of data analysis important
in determining the source of content and whether it is biased
[46]. All the other accounts examined had approximately 1000
tweets/year or lower and appeared to be human operated Twitter
accounts. These user accounts generated a total of 34 live tweets
with hyperlinks (followed by an estimated 1800 Twitter users
during the duration of the data collection period). These tweets
were then classified into one of three online seller categories:
(1) an online pharmacy (defined as a website that purports to
be an online pharmacy storefront, operates an e-commerce
shopping cart where products can be checked out, paid and
shipped directly to a consumer); (2) an individual seller or drug
dealer (defined as a user offering the direct sale of prescription
opioids via email, phone, or other direct contact solicitation);
and (3) a marketing affiliates (defined as a website that hosts
links to other websites that directly sell controlled substances;
see Multimedia Appendix 1). Of the live hyperlinks coded at
the Code-a-Thon, 44% (15/34) were online pharmacies, 32%
(11/34) were individual sellers, 21% (7/34) were marketing
affiliates, and 1 was purportedly from the Twitter handle of the
darknet site AlphaBay (operated via the Tor network) linking
to a reddit community page. The authenticity of the final result
is questionable given that AlphaBay was shut down by law
enforcement officials in July 2017.

The first category of 15 coded tweets consisted of 10 distinct
live hyperlinks to illicit online pharmacies (see select examples
in Multimedia Appendix 1, example A). All of these websites
sold opioids with “no prescription” in combination with other
drug products including other controlled substances (eg,
barbiturates, Xanax, Ketamine, fentanyl patch, and codeine
cough syrup), nonopioid prescription drugs therapeutic classes

(eg, injectable steroids; antidepressants; weight loss drugs
including Sibutramine, which has been removed from several
markets; hormones; contraception; and erectile dysfunction
drugs), recreational drugs (eg, cannabis), and some sites that
also sold illicit drugs (eg, bath salts, MDMA, cocaine, heroin,
and methamphetamines). One site purportedly accepted payment
via cryptocurrencies bitcoin and ether (the cryptocurrency for
the blockchain platform Ethereum). When cross-referencing
for LegitScript status, 40% (6/15) were identified as “rogue,”
with the remaining having no information available (ie, likely
not detected or included in LegitScript’s database). Some online
pharmacy tweets also used interesting selling arguments,
including advertising Black Friday sales in reference to the day
after Thanksgiving holiday in the United States, when retail
discount sales are heavily marketed. Interestingly, when
examining purported geographic location of IP addresses and
website registered owners, the majority reported addresses in
the United States.

The second category of 11 tweets appeared to originate from
individual sellers using Twitter accounts that advertised the
direct sale of opioids using hashtags (eg, #buy, #sell,
#buypainmeds, #drugsforsale, #opioids, #painmeds, and
#[controlled substance names]) and generally included contact
information for the seller including an email address (in most
cases a Google gmail account) and a phone number to call, text,
or contact via the messaging application WhatsApp (phone
numbers were mostly US 10-digit phone numbers, though phone
numbers for UK country code +44 were also observed,
indicating that these individuals may be located in these
countries; see Multimedia Appendix 1, example B.) These
tweets generally included pictures of prescription opioids and
other drugs shown in an individual’s hand or displayed next to
a pill bottle. Some Twitter individual accounts also linked to
an external webpage (including WordPress domains), blogs, or
online classified ad services. The sellers generally included in
their tweets or external webpages a list of all drugs they offered
to sell, often comprising a mix of controlled substances, other
prescription drugs, and illicit drugs.

The third category consisted of seven tweets that included links
to marketing affiliate websites and networks that were hosted
on their own distinct domains or used other blog sites (eg,
blogspot). These sites did not directly sell opioids but included
information on how to purchase illegally from other sites and
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hosted hyperlinks that redirected traffic directly to an online
pharmacy engaged in that activity (see Multimedia Appendix
1, example C). One of these sites included a frequently asked
questions page that stated, “No, we are not sell any pills or
medication. We are only provide medical information” and
included several Web banners or advertisements to illicit online
sellers, including one that used a fake banner claiming it was
FDA approved.

Web Application Wireframe Prototype Solution
In parallel with our Twitter data collection and analysis and to
better demonstrate the potential real-world application of our
BTM methodology to detect, classify, and report online
pharmacies marketing the sale of controlled substances, we
developed a wire frame solution using the prototyping tool for
Web and mobile apps, Justinmind [47]. We based our conceptual
model of our Web app solution on simplicity, streamlined
navigation, and user interaction with a task focus. The Web app
wireframe was designed to implement three primary functions:
(1) data collection and detection of tweets marketing the sale
of opioids online using BTM assisted by human interpretation,
(2) HTML classification of websites to determine if they are
illicit online pharmacies, and (3) automating a script to report
to the FDA and DEA about detection of illicit online pharmacy
for further regulatory action (see Figure 2 with screenshots of
the justinmind wireframe solution developed and as presented
during the Code-a-Thon). Targeted end users for the wireframe
solution, which could operate as a hosted Web application or
software, include pharmaceutical manufacturers, government
agencies and regulators (FDA, DEA, and state Boards of
Pharmacy), nongovernmental groups (NABP), consumer
advocacy groups (the Alliance for Safe Online Pharmacies,
ASOP, and the Center for Safe Internet Pharmacies), and
potentially a modified version for the public to report suspect
websites.

The first component of this solution included a webpage with
a query function that included a date range for data collection
and the ability to enter prescription opioid keywords for filtering
of tweets from the public streaming API. The second page
exports tweets filtered for selected keywords and then
specifically outputs signal tweets highly correlated with selling
arguments associated with online pharmacies. This step could
also include an output of Twitter handles or accounts that have
interacted with this high-risk content (eg, Twitter users that are
followers, have retweeted, or favorited identified signal tweets)
for possible targeted countermarketing, health communication
regarding potential risk, and also generate data for potential
social network analysis. The third page would then output
screenshots of hyperlinks associated with signal tweets for
human inspection, while also reporting the IP geographic
location of the website (using WHOIS data) and the LegitScript
legal classification of the URL if available (LegitScript operates
a fee-based API for their information). This page would also
include a “report” button under each website screen capture.
User selection of violating websites would generate a final page
detailing what URLs had been reported to the FDA and DEA
using an automated script that would fill in the necessary
information fields on the FDA’s “Reporting Unlawful Sales of
Medical Products on the internet” webpage [48] and the DEA’s
“Report Submission Form for Suspected Unlawful Sales of
Pharmaceutical Drugs on the internet [49]. This prototype was
presented during our finalist presentation at the Code-a-Thon,
but because of time considerations, was only a click-thru but
not fully functioning demo. However, illicit online pharmacy
website results generated in this study were reported to both the
DEA and FDA by manually filling out the online reporting
tools. Once this information is reported, DEA and FDA exercise
their own discretion on how to pursue enforcement against
potential violations of federal law.

Figure 2. Design elements and screenshots of prototype wireframe solution.
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Discussion

Principal Findings
Similar to prior studies that have examined the use of Twitter
by illicit online sellers to market and sell prescription opioids,
our primary finding indicates that the overall volume of tweets
directly engaged in this illegal activity is relatively low
compared with the entire corpus of tweets collected that
contained common opioid substance abuse product keywords
[34,35,37,43]. This indicates that though this activity presents
clear risk to the consumer and could contribute to diversion of
opioids via convenient online access, the occurrence of these
tweets are not widespread compared with other more commonly
occurring conversations, including news reports about the opioid
crisis, tweets about opioid abuse behavior self-reported by users,
and other content that includes opioid keywords but which we
would classify as noise per the aims of this study. However,
some interesting results emanating from this study also provide
us with key information on emerging trends regarding social
media–enabled opioid abuse and methodological considerations
when attempting to identify this type of content.

First, a major strength of this study compared with prior studies
that conducted analysis on larger volumes of data was the short
duration and immediate processing of the data collection and
analysis (data collection was over a period of 2 weeks and
immediately following it was the analysis over a 48-hour
period). More specifically, previous studies involved a data
collection and analysis process that was separated by more than
1 year [35,37,43,50]. By collecting and analyzing data
immediately, fewer dead links where URLs were no longer
active or website landing pages were no longer being used by
owners were detected. Hence, our study demonstrates that a
near real-time infoveillance approach, which collects and
analyzes data over a short duration (eg, less than 30 days) can
result in better detection and higher quality data related to illegal
activities of online pharmacies and sellers. This approach could
inure benefits to regulators and law enforcement officials, as
Twitter accounts, illegal websites, and marketing affiliates could
have their content taken down more quickly to mitigate potential
exposure to consumers and accompanying patient safety risk.
This would allow for proactive detection, particularly important
given that illicit online pharmacies do not maintain a consistent
presence on the internet and often change URLs frequently
[24,51,52].

Immediate data coding and analysis also allowed us to detect
our second category of tweets characterized as individuals who
market and sell prescription opioids via open solicitations that
had not been detected in prior studies. These digital drug dealers
openly tweet that they can sell prescription opioids and other
illicit substances directly to the public and that they can be
contacted through a simple email or phone number. Oftentimes,
they purport to validate availability of drugs offered by including
a picture of their products included in the tweet and also use
hashtags (#) to curate and target their marketing messages. These
digital sellers sometimes represented themselves as individuals
and in other cases as a company (primarily a name that
represented itself as a pharmacy or pharmaceutical company).

These results are alarming as they represent a potential new
strategy where traditional “street” dealers may simply use
Twitter in an effort to broadly market and extend their services
to a wider and more diverse customer base that they would
otherwise not have access to. The range of followers for these
accounts varied, with observed ranges as few as 24 followers
to as high as 989 followers, though generally these accounts
were observed to have less than 100 followers. At the time of
this writing, many of these accounts were still active on Twitter.

Additionally, a tweet we detected linked to a reddit community
associated with the now defunct AlphaBay dark Web storefront
leads us to unanswered questions and areas for future research.
Specifically, this tweet raises the question of examining the
interaction between social media, the open or clear Web
accessible to the public, the dark Web accessed by clients such
as tor or Onion, and illegal access to opioids. Other studies
examining popular dark Web store fronts have shown that
controlled substances and illicit drugs are actively sold on these
sites to both consumers and potentially at wholesale to other
distributors or dealers [53-55]. Hence, future studies should
expressly examine the interaction between these different online
ecosystems to determine their role in drug diversion and
consumer purchasing.

Finally, we note that in addition to certain limitations, this study
has some inherent weaknesses given that it examined a single
social media platform: Twitter. According to the Pew Research
Center, Twitter ranks at only #7 out of 8 popular social media
platforms, with approximately 24% of US adult user share
(compared with #1 YouTube at 73% and #2 Facebook at 68%),
though use increases to 45% among users aged 18 to 24 year
[56]. Hence, to get a more complete view of how controlled
substances are marketed and sold to consumers online, future
studies adopting machine-learning approaches used here for
Twitter combined with the use of other methods, including deep
learning (primarily for image recognition) and multiple
modalities (such as simultaneously looking at additional data
features), will need to be tailored to the types of data and user
interactions occurring on other social media platforms (such as
Instagram and Facebook) [57]. Additionally, lessons from prior
studies that have examined how the internet has been used to
circumvent the ban on purchasing illicit substances and how it
has been used by minors to purchase alcohol and tobacco will
also be informative to future technology-based and regulatory
efforts against this illegal online opioid activity [58-63].

Limitations
There are certain limitations associated with the study results
generated and as reported in the Code-a-thon. Specifically, our
sample of tweets was filtered for a select group of commonly
abused prescription opioid drugs using their International
Nonproprietary Names and brand names. For example, we did
not collect street or slang names of these drugs (eg, oxy, roxies,
percs, and vikes), as our prior studies that have examined both
types of keywords indicated that illicit online pharmacies do
not use these nonspecific words for marketing or sales, and most
uses of street drug names are user behavioral–related [43].
However, further confirmatory analysis is needed to validate
that online pharmacies consistently do not use street name terms
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for selling purposes. Additionally, we first cleaned the dataset
before analysis to exclude non-English language tweets, which
may further limit the generalizability of our sample of tweets
containing opioid keywords. Furthermore, there are other
strategies outside of topic modeling that can be used to learn
about topical dynamics and trends in social media data, such as
examining word and hashtag co-occurrences [42,64]. We chose
not to use hashtag analysis as only one percent of all tweets in
our dataset had hashtags in the content and less than one percent
of signal tweets relevant to illicit online pharmacies used
hashtags. For signal data that either included a direct hyperlink
to an online pharmacy or marketing affiliates that redirected to
live websites, content analysis was reviewed at a specific point
of time after the tweets were collected and analyzed using BTM.
Though tweets were coded right after the data collection was
completed, it is possible that the content residing on hyperlinked
content and/or the online pharmacy’s website or domain may
have changed from the exact date of data collection as websites
often update and change content. Additionally, our exclusion
of “fentanyl” from our analysis may have removed content
related to the illicit online sale of fentanyls via online
pharmacies, user forums, and individual drug sellers but was
necessary to further refine our results to detect signal tweets
with clear selling argument word topic groups. A recent study
by the first and second author conducted on an older 2015
fentanyl Twitter dataset can inform future analysis examining
this drug class specifically [37]. The validity of WHOIS
geographic data for online pharmacies reviewed is also unclear.
Though many online pharmacies listed an IP address or
registered owner address in the United States, their actual server
location and/or physical business location or registration could
be falsely entered or masked by a privacy internet service
provider company. Finally, we note that the RHA and DEA
explicitly have rules and regulations that make it illegal to
purchase controlled substances online and have no clarifying
guidance or exemptions in relation to conducting test purchases
for research purposes. As researchers reside in US jurisdiction,
we were unable to actually purchase controlled substances from
online pharmacies and test them for authenticity.

Conclusions
This study and our participation in the HHS Code-a-Thon
established the viability of an important methodology to detect
illicit online sales of opioids that are marketed via Twitter.

Importantly, the machine-learning approach, which represents
the core technology for our proposed solution and
proof-of-concept deployed during the Code-a-Thon, is scalable
and can be done relatively quickly following big data collection.
This allows us to more rapidly detect illicit online sellers and
classify their marketing characteristics. In fact, the vast majority
of online sellers detected in this study remain active on social
media and the Web at the time of this writing. Though the
machine-learning component of this study is relatively mature,
with testing of this algorithm and approach now published in
four separate studies, the translation of the innovation to an
easy-to-use, accessible, and largely automated solution is still
at an early stage [34,35,37]. Though our prototype wireframe
demonstrates the potential extension of the BTM
machine-learning algorithm into a Web application that could
be used by key stakeholders such as the FDA and DEA, it does
not have the functionality or integration of different data sources
to be considered a minimally viable product (MVP). To take
this next step, funding with the primary aim of translating this
research into MVP phase and eventual production and scale-up
is needed (such as our recent award of an NIH NIDA 2017
“Start a SUD Startup” challenge, which provides small awards
for startups related to substance abuse disorders with the aim
of transitioning companies to a successful NIDA Small Business
Innovation Research grant; see [65] for a recorded video
discussing Code-a-Thon solution submitted as part of NIH
NIDA 2017 “Start a SUD Startup” challenge grant).
Additionally, we would need to automate data collection and
backend analysis of Twitter data with integration via a Web
application or software, while also developing solutions using
natural processing language to automate classification of
hyperlinks suspected as engaged in the sale of prescription
opioids, techniques that have been explored in prior studies
[23,66,67]. Finally, automated scripts that generate information
needed for standardized reporting of results to the FDA and
DEA via their online Web forms would also need to be
developed. Despite these challenges, results from this study are
useful and can inform regulators, law enforcement, public health
officials, and the public about current and changing trends
regarding supply, access, and distribution of illicit opioids.
Technology, such as the big data and machine-learning
approaches used in this study, will be critical components of
any strategy to combat the opioid epidemic, an approach that
HHS through its Code-a-Thon has begun to catalyze.
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Abstract

Background: Consumer health information technology can improve patient engagement in their health care and assist in
navigating the complexities of health care delivery. However, the consumer health information technology offerings of health
systems are often driven by provider rather than patient perspectives and inadequately address patient needs, thus limiting their
adoption by patients. Consideration given to patients as stakeholders in the development of such technologies may improve
adoption, efficacy, and consumer health information technology resource allocation.

Objective: The aims of this paper were to measure patient interest in different health system consumer health information
technology apps and determine the influence of patient characteristics on consumer health information technology interest.

Methods: Patients seen at the Cleveland Clinic Neurological Institute were electronically surveyed on their interest in using
different consumer health information technology apps. A self-efficacy scale, Patient Health Questionnaire-9 depression screen,
and EuroQol 5 dimensions health-related quality of life scale were also completed by patients. Logistic regression was used to
determine the influence of patient characteristics on interest in consumer health information technology in the categories of
self-management, education, and communication.

Results: The majority of 3852 patient respondents had an interest in all technology categories assessed in the survey. The highest
interest was in apps that allow patients to ask questions of providers (3476/3852, 90.24%) and to schedule appointments (3211/3839,
83.64%). Patient interest in consumer health information technology was significantly associated with greater depression symptoms,
worse quality of life, greater health self-efficacy, and smartphone ownership (P<.001 for all listed).

Conclusions: Patients should be viewed as active stakeholders in consumer health information technology development and
their perspectives should consistently guide development efforts. Health systems should consider focusing on consumer health
information technologies that assist patients in scheduling appointments and asking questions of providers. Patients with depression
should also be considered for targeted consumer health information technology implementation. Health self-efficacy is a valid
predictor of consumer health information technology interest and may play a role in the utilization of consumer health information
technologies. Health systems, broadly, should put forth greater effort to understand the needs and interests of patients in the
consumer health information technology development process. Consumer health information technology design and implementation
may be improved by understanding which technologies patients want.

(J Med Internet Res 2018;20(4):e128)   doi:10.2196/jmir.7766
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Introduction

Background
Health care is undergoing enormous transformation in pursuit
of achieving the triple aim: enhanced individual experience of
care, improved health of populations, and reduced per capita
costs of care [1,2]. Consumer health information technology
(CHIT) has been defined in a number of ways [3-5] but has
recently been well described by Tao et al as consumer-centered
electronic tools, technologies, apps, or systems that are
interacted with directly by health consumers to provide them
with data, information, recommendations, or services for
promotion of health and health care [6]. Such technologies are
a key component of the patient-centered transformation of health
care systems [5,7,8].

Implementation of CHIT is often driven by provider perspectives
and available technologies rather than by the examined needs
and motivations of users [5,9]. Of the largest 100 US hospitals,
66 provide mobile apps, but only 2% of patients at these
hospitals are using them—an indication that health systems
inadequately address the interests of patients in the CHIT design
process [10]. Despite benefits in transparency and access
associated with freely allowing patients to view their health
data, health systems provide only limited data [11]. Focus groups
have demonstrated that patients have innovative and useful
perspectives as to how CHIT can improve health and ease
patient workload [12-14]. Consumer perception of benefit,
convenience, and integration into daily life is necessary for the
successful implementation of CHIT and should be incorporated
into the CHIT development process [4,15]. CHIT has been
shown to improve health outcomes, but successful
implementation requires that the needs of patients, that is, end
users, are adequately met [3]. Overall, there is increasing
recognition that health systems should systematically gather
patient perspectives and use them to inform the design of CHIT
[16].

The adoption of CHIT is influenced by a number of patient
characteristics, but further investigation is necessary to fully
characterize the CHIT needs of specific patient populations for
optimum engagement and adoption [17]. For example, previous
explorations have found patient portal adoption is associated
with ethnic, educational, and cultural factors [18]; digital health
is not used by the fastest-growing age segment of the US
population, the elderly [19]; and patients who are sicker are
more likely to search the internet for information and use this
information during a provider visit [20]. However, these past
studies have been limited in their scope, often exploring only
how consumers react to already existing single CHIT solutions
and not investigating the broad range of technology interests of
patients. Further understanding of the technologies that patients
want and the characteristics of these patients can prospectively
guide strategies for providers and health systems investing in
CHIT development.

Broadly, provider-based CHITs can be classified into one of 3
categories: patient-provider communications, education, and
self-management technologies. Patient-provider communication
technologies, including telecare, secure messaging, Web visits,
and scheduling apps have demonstrated promise [21-25]. These
apps improve patient convenience in accessing their health care
teams. Recent data demonstrate that deficits in Web-based
communication services may actually drive patients away from
health systems [10]. Patient-centered prioritization of integrating
communication technologies into the health system can be aided
by quantifying and responding to the needs and interests of
patients rather than basing technology development on data
from historical technology adoption or qualitative data from
small focus groups.

Electronic access to accurate patient educational resources is
another established category of CHIT. Technologies that deliver
educational programs to patients have demonstrated
improvements in diverse outcomes, such as medication
compliance [26,27], preprocedure anxiety (iPod-based modules)
[28], postoperative perception of pain (educational website)
[29], and plasma cholesterol (computer-based dietary workbook)
[30]. During 2012, 59% of Americans searched for
health-related information on the Web [31]; a smaller, more
recent study indicates that internet health information seeking
is global and likely increasing [32]. The use of electronic
education tools in patient care varies according to patient access
to the internet and patient awareness of digital education
resources [33,34]. Knowledge of other patient factors that impact
the use of educational resources can help design, development,
and implementation strategies for education-related CHIT.

Self-management technologies encompass a third category of
CHITs and have been shown to improve outcomes and reduce
cost [35,36]. These include reminder systems, physical activity
trackers, physiologic data (such as blood pressure or glucose)
monitors, and apps that record self-reported health status over
time. Despite the growing literature on this subject, limited
information currently exists on how these technologies should
be designed and which patients desire such programs [37-39].
Moreover, whether or not patients desire these technologies to
be offered by their health care providers, as compared with third
party CHIT offerings, has yet to be explored.

In addition to gaps in the literature with regard to specific patient
characteristics associated with preference for each classification
of CHIT, guidance on which types of CHIT apps are more likely
to be adopted by patients is not well established [40]. Despite
the “perceived utility” of a CHIT being a very reliable predictor
of acceptance of technology, the utility of the technology to
patients is addressed in very few studies [3]. There have been
survey studies regarding the factors driving acceptance of CHIT;
however, these studies investigate why patients choose to accept
a single technology and did not ask, “In which technologies do
patients have interest [39,41-43]?”
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Objectives
The aims of this study are as follows: (1) to quantify patients’
interests in CHIT by surveying patients seen in the ambulatory
clinics of the Cleveland Clinic Neurological Institute and (2)
to examine the influence of patient demographics, health-related
quality of life, health self-efficacy, and depression on their
interest in 3 categories of CHIT: patient-provider
communication, educational resources, and self-management
tools. This information can be used to better target the
development and implementation of provider-based CHIT apps
of greatest importance to patients.

Methods

Survey Design
The CHIT interest survey was designed to cover technologies
that are common candidates for offerings by health systems.
The technologies were grouped into 3 main categories:
education, communication with health care providers, and
self-management. Questions were developed by a
multidisciplinary team of clinicians, researchers, and patients.
Questions were evaluated by the team for content, ease of
understanding, usefulness, and comprehensiveness in an iterative
process and reviewed by the Neurological Institute Patient
Advisory Committee for content and clarity [44]. The survey
asked patients to rank their interest in various CHIT apps using
a Likert scale with the following measurements: “not at all
interested” (0), “not very interested” (1), “neutral” (3),
“somewhat interested” (3), and “very interested” (4)
(Multimedia Appendix 1). The survey was piloted, and response
distributions were evaluated by the team to ensure no significant
ceiling or floor effects. Internal reliability was assessed by
Cronbach alpha.

To determine the impact of patient self-efficacy and current use
of technology on interest in CHIT, the survey included a
validated 5-item health self-efficacy questionnaire developed
by Lee et al [45], as well as questions on current use of
smartphones and tablet computers. The self-efficacy
questionnaire included the following statements: (1) “I am
confident I can have a positive effect on my health,” (2) “I have
set some definite goals to improve my health,” (3) “I have been
able to meet the goals I set for myself to improve my health,”
(4) “I am actively working to improve my health,” and (5) “I
feel that I am in control of how and what I learn about my
health.” Patients rated their level of agreement with these
statements using a Likert scale with the following
measurements: “disagree very much”(0), “disagree”(1),
“neutral”(2), “agree”(3), and “agree very much”(4). The health
self-efficacy score was calculated by summing the responses
to the 5 questions; thus, scores of “0” and “20” indicate the
lowest and highest possible health self-efficacy scores,
respectively.

Patient Selection and Data Collection
Through the Knowledge Program patient-entered data collection
system, patients complete the electronic questionnaires before
their visits to the ambulatory clinics of the 3 pediatric and 14
adult condition–based centers of the Cleveland Clinic

Neurological Institute [46]. These centers manage patients with
neurological, neurosurgical, rehabilitation, and mental health
conditions. Patients were given the option to complete the
questionnaires through a MyChart patient portal (Epic, Epic
Systems, Verona, Wisconsin) up to 5 days before their visits.
Patients not completing questionnaires beforehand completed
them using tablet computers in the clinic lobby at the time of
check-in for their appointment. In addition to disease-specific
instruments, all patients completed the EuroQol 5 Dimensions
(EQ-5D) and Patient Health Questionnaire-9 (PHQ-9) as part
of their regular questionnaire set. The EQ-5D is a commonly
used 5-item generic scale that measures health-related quality
of life [47]. Scores are transformed into utility weights derived
from the general population and range from −0.109 (state worse
than death) to 1.00 (best possible health). The PHQ-9 is a 9-item
depression screen that ranges from 0 to 27, with higher scores
indicating more depressive symptoms [48].

Between January 2013 and December 2015, patients seen in
the 14 adult clinics who completed their questionnaires through
MyChart were asked to complete the CHIT survey at the end
of their regular questionnaire set. The CHIT survey was
administered in each center until completed by at least 200
patients per center. As patient volume is variable across centers,
a minimum response from 200 patients per center was
established to ensure an adequate representation of patients.
The survey was administered primarily through MyChart to
avoid workflow disruptions at the time of the visit. To assess
potential bias introduced by the survey delivery method,
additional surveys were completed by patients seen in the Spine
Center in the clinic lobby using tablet computers. Patient
demographics and selected comorbid conditions (diabetes, atrial
fibrillation, cancer, asthma, depression, congestive heart failure,
coronary artery disease, chronic renal insufficiency, and
hypertension) were identified from encounter diagnoses,
problem list, or medical history sections of the electronic health
record. Approximate household income was estimated based
on 2010 census data by zip code. Patients 18 years of age and
younger were excluded from the study. The study was approved
by the Cleveland Clinic Institutional Review Board.

Statistical Analysis
Individual survey item responses were summarized using
frequency count with percentage. Internal reliability of
self-efficacy and the CHIT survey were assessed using Cronbach
alpha. Patient characteristics are presented as mean with SD or
median with interquartile range for continuous variables, and
frequency count with percentage for categorical variables. For
the purpose of developing a predictive model, potential uses of
CHIT were organized into 3 categories: education (educational
offerings and online discussion forum), communication with
providers (booking appointments, asking provider questions,
and entering medical history), and self-management (reminder
systems, tracking physiologic data, tracking physical activity,
recording lifestyle information, comparing health to others, and
tracking health status information). Given the distribution of
patient response, with very few patients indicating “not at all
interested,” high interest was defined by the multidisciplinary
team as patients answering “very interested” to one or more
questions within a category, whereas patients not responding

J Med Internet Res 2018 | vol. 20 | iss. 4 |e128 | p.274http://www.jmir.org/2018/4/e128/
(page number not for citation purposes)

Featherall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


with at least one “very interested” in the category were defined
as low interest. A sensitivity analysis was conducted to define
high-interest in a category as a response of “very interested” or
“somewhat interested” to every question within that category.
Low-interest for the sensitivity analysis was defined as a
response of “neutral,” “not very interested,” or “not at all
interested” to every question within the category.

Logistic regression models were constructed to determine
univariate predictors of interest in the 3 CHIT domains.
Independent predictors of the 3 outcomes were assessed using
multivariable logistic regression models. Due to issues of
multicollinearity, an indicator variable for any comorbidity
(excluding depression) was included in the multivariable models
in lieu of specific comorbidities, and smartphone ownership
was included over tablet ownership as determined a priori. All
potential interactions were evaluated within the final models at
P<.05.

A subset analysis was conducted to assess potential bias
introduced by surveying patients via the MyChart patient
medical record portal. The 3 CHIT domain outcomes as well
as individual question mean Likert scores for Spine Center
patients completing the survey via MyChart were compared
with those of Spine Center patients completing the survey in

the lobby of the clinic using chi-squared test and Mann-Whitney
U test, respectively.

Additionally, univariate and multivariable logistic regression
models for the 3 outcomes were constructed as described above
within Spine Center patients, including the location of survey
completion as a covariate, in order to test for completion location
influence on patient interest. Statistical significance was
established throughout at an alpha level of .05. All statistical
analyses were conducted using SAS version 9.4 (SAS Institute
Inc, Cary, NC).

Results

Patient Characteristics
The study cohort consisted of 3852 patients who completed a
survey: 3735 in MyChart and 117 in the Spine Center lobby.
The mean age of the study cohort was 57.0 (SD 14.8) years
(Table 1). The majority of the cohort was white (3115/3353,
92.90%), female (2351/3852, 61.03%), and married (2204/3351,
65.77%). Respondents had an average of 2 comorbid conditions,
with the most common being hypertension (1465/2615, 56.02%).
The majority of patients reported owning a smartphone
(2640/3799, 69.49%) and a tablet computer (2103/3809,
55.21%).
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Table 1. Clinical characteristics of the study cohort (N=3852).

ValueDemographics

57.0 (14.8)Age (years), mean (SD)

2351 (61.03)Female, n (%)

Race (N=3353), n (%)

3115 (92.90)White

196 (5.85)African American

42 (1.25)Other

 Marital status (N=3351), n (%)

2204 (65.77)Married

748 (22.32)Single

399 (11.91)Divorced/widowed

54,578 (44,371-66,360)Household income (in US $)a, N=3326, median (Q1-Q3)b

2087 (79.81)Any comorbid condition, N=2615, n (%)

2 (1-3)Number of comorbiditiesc, median (Q1-Q3)

Health status, median (Q1-Q3)

6 (2-11)PHQ-9d, N=3434

0.78 (0.60-0.83)EQ-5De, N=3483

15 (12-17)Health efficacy score, N=3791

Personal mobile devices, n (%)

2640 (69.49)Smartphone ownership (N=3799)

2103 (55.21)Tablet ownership (N=3809)

aMedian household income by zip code.
bQ1: first quartile, Q3: third quartile.
cComorbid conditions include diabetes, atrial fibrillation, cancer, coronary artery disease, chronic renal insufficiency, and hypertension.
dPHQ-9: Patient Health Questionnaire-9.
eEQ-5D: EuroQol 5 Dimensions.

Health Self-Efficacy
Internal reliability of this scale was high (Cronbach alpha=.845).
The majority of patients responded affirmatively to all
self-efficacy items, except the ability to meet health goals.
Regarding meeting health goals, only 1663 out of 3815 (43.59%)
respondents indicated that they agreed with the health efficacy
statement. Regarding ability to have a positive effect on one’s
health, 3274 out of 3825 (85.59%) patients indicated perceived
self-efficacy in this area (1597/3825, 41.75%, “Agree” and
1677/3825, 43.84%, “Agree very much”).

Consumer Health Information Technology Interest
Internal reliability of the CHIT survey was good, with Cronbach
alpha of .832 for education, .762 for self-management, and .898
for communication. The majority of patients indicated interest
in all of the CHIT categories asked in the survey (Figure 1).
Patients expressed the greatest interest in the communication
category, specifically booking appointments (2227/3839,
58.01%, “very interested” and 984/3839, 25.63%, “interested”)
and asking their provider questions (2570/3852, 66.72%, “very
interested” and 906/3852, 23.52%, “interested”).

There were no categories in which a majority of subjects
reported being disinterested in a service potentially offered by
health technologies. However, greater than half of subjects
reported neutral interest or less when asked about their interest
in a technology that acted as a reminder system (2207/3845,
57.40%) or that would allow subjects to compare their health
with others (1958/3848, 50.88%).

The majority of patients (2729/3838, 71.10%) were very
interested in one of the items comprising the domain of
communication, with 50.50% (1938/3838) being very interested
in the domain of self-management and over a third of patients
(1362/3843, 33.44%) being very interested in one of the items
comprising the domain of education.

In the unadjusted analysis, patients were significantly more
likely to be “very interested” in all 3 domains if they were
female, African American (as compared with Caucasian), single
(as compared with married), owned a smartphone, and had
higher depression and health self-efficacy scores. They were
less likely to be “very interested” in CHIT if they were older,
had better health-related quality-of-life, or if they had coronary
artery disease or hypertension (data not shown).
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After adjustment for patient characteristics, however, only higher
depression ratings, higher health self-efficacy scores, and
smartphone ownership remained significant predictors of patient
interest in all 3 technology categories: education,
communication, and self-management (Table 2). Health-related
quality of life was also an independent predictor of lack of

interest in education technologies (odds ratio [OR] 0.92, 95%
CI 0.86-0.98 per 0.1 increase), and older age was an independent
predictor of lack of interest in self-management technologies
(OR 0.89, 95% CI 0.81-0.97 per decade increase). No interaction
effects were found.

Figure 1. Response distribution to consumer health information technology interest survey questions. Response distributions (n) are shown for the
level of interest to each question on the health information technology survey. Questions are grouped by category: education, communication, and
self-management.
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Table 2. Multivariable predictors of consumer health information technology (CHIT) outcomes: education, communication, and self-management.

Self-managementCommunicationEducationPredictors

P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

.010.89 (0.81-0.97).670.98 (0.89-1.08).600.98 (0.89-1.07)Age (per decade)

.890.99 (0.80-1.22).121.20 (0.96-1.50).800.97 (0.78-1.22)Female Gender

Race

ReferenceReferenceReferenceWhite

.071.48 (0.97-2.26).641.12 (0.70-1.77).081.46 (0.96-2.22)African American

.561.33 (0.51-3.50).232.16 (0.61-7.65).441.48 (0.55-3.94)Other

Marital status

ReferenceReferenceReferenceMarried

.901.02 (0.78-1.33).280.85 (0.64-1.41).431.12 (0.85-1.48)Single

.581.09 (0.81-1.46).150.80 (0.58-1.09).111.29 (0.95-1.76)Divorced/widowed

.261.04 (0.98-1.10).091.06 (0.99-1.13).810.99 (0.93-1.06)Income (per US $10k)

<.0011.05 (1.03-1.08)<.0011.04 (1.02-1.07).0031.04 (1.01-1.06)PHQ-9b

.320.97 (0.91-1.03).580.98 (0.92-1.05).010.92 (0.86-0.98)EQ-5Dc Index (per 0.1)

<.0011.15 (1.11-1.19)<.0011.12 (1.08-1.16)<.0011.20 (1.16-1.25)Health self-efficacy score

<.0011.77 (1.41-2.21)<.0011.75 (1.39-2.22)<.0011.83 (1.43-2.34)Smart phone ownership

.721.05 (0.81-1.37).491.10 (0.83-1.48).140.82 (0.62-1.07)Any comorbidityd

aOR: odds ratio.
bPHQ-9: Patient Health Questionnaire-9.
cEQ-5D: Euroqol 5 Dimensions.
dComorbid conditions include diabetes, atrial fibrillation, cancer, coronary artery disease, chronic renal insufficiency, and hypertension.

Sensitivity Analysis
Analyses were replicated after defining the outcome of interest
in CHIT categories as a response of “somewhat interested” or
“very interested” for every question within each category. Using
this definition, 50.42% (1938/3843) of patients expressed
interest in the education questions, 58.52% (2246/3838) in the
communication questions, and 22.00% (844/3838) in the
self-management questions. The independent predictors of
interest in education and self-management remained the same
as those presented in Table 2. Predictors for communication
also remained the same, with the addition of decreasing age
(OR 0.89, 95% CI 0.81-0.97 per decade increase).

Subset Analysis
To assess whether completion location biased the study results,
117 out of 904 (12.9%) patients seen in the Spine Center
completed the technology survey in the lobby, and results were
compared with 787 out of 904 (87.1%) patients who completed
the survey using MyChart before their Spine Center visit. In
the unadjusted analysis, there were no significant differences
in interest in CHIT regarding education or self-management
(data not shown). Regarding communication questions, 513 of
the 787 patients (65.2%) who completed the survey via MyChart
indicated they were “very interested” in asking their provider
questions compared with 64 of the 117 (54.7%) waiting room
responders (P=.03). Similarly, 441 of 782 (56.4%) MyChart
respondents expressed they were “very interested” in booking

appointments versus 50 of the 117 (42.7%) patients in the
waiting room (P=.006). After adjustment for patient
characteristics, survey completion through MyChart was not a
significant predictor of interest in communication (OR 1.81,
95% CI 0.85-3.85; P=.12).

Discussion

Principal Findings
CHIT is a promising strategy to enhance individual experience
of care and improve the health of populations. CHIT has been
demonstrated to engage patients, enhance clinical interventions,
and improve health outcomes [49,50]. Focusing on CHIT
approaches that are of greatest interest to patients would allow
better allocation of resources by health care institutions that are
struggling to contain costs and provide superior care in the
current environment of reducing reimbursements. Our study
found that over half of patient respondents are interested in
CHIT apps that provide education, methods to communicate
with healthcare providers, and self-management tools. The
greatest interest is in CHIT apps that allow patients to ask
questions of their health providers and to schedule appointments.
CHIT apps that were of lowest interest to respondents were
reminder systems and those that provided the ability to compare
health status with others with the same condition.

Historically, the design of CHIT has been largely guided by
provider attributes, financial incentives, and provider’s
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perceptions of patient needs rather than the needs and interests
of patients themselves [5,17,51-53]. While a recent global survey
indicated that only 8% of hospital-produced mobile apps offer
the ability to book appointments [10], this study indicates that
83.65% (3213/3841) of current health system patients are
interested in this functionality (Figure 1). Current estimates
indicate that 7% of patients have changed their health systems
because of deficits in online services [10]. This study is currently
the largest survey of patient interest in provider-based CHIT
and addresses a broader range of technologies than any previous
surveys, providing actionable information for health systems
working to address the provider-based CHIT gap.

Quality of Life (EQ-5D) and Education Interest
In this study, patients with worse health-related quality of life,
as assessed by EQ-5D, had a greater interest in educational
technologies than patients with better quality of life. This is
consistent with prior literature that sicker patients are more
likely to search for health information [20]. When targeting
CHIT strategies for patients with poor quality of life,
education-related CHIT apps may be especially beneficial.

Depression (PHQ-9) and Overall Interest
Patients with increasingly severe depression, as assessed with
the PHQ-9 scale, demonstrated increasing interest in all 3 CHIT
categories: education, communication, and self-management.
It has been established that patients with depression may prefer
treatment that does not require face-to-face interaction [54].
Recent trials of mobile apps have also demonstrated efficacy
in managing depression [55-57]. Although, in the past decade,
there has been a sharp increase in depression and the depression
CHIT market, the large majority of these apps are neither
evidence-based nor affiliated with any established medical
institution [58]. Depression, despite being a leading global cause
of disability, remains underdiagnosed and undertreated [59].
The high interest of patients with depression in this study and
the lack of widely available evidence-based CHITs for
depression behoove providers to carefully consider this
population for focused CHIT development efforts.

Health Self-Efficacy and Overall Interest
General self-efficacy, the belief in one’s competence to cope
with a broad range of stressful or challenging demands,
correlates well with self-regulation, coping strategies, and
well-being [60]. Health, nutrition, physical exercise, and alcohol
resistance self-efficacies are valid predictors of constructive
health-related behaviors [61-63]; health self-efficacy,
specifically, has been shown to influence health
information–seeking behaviors [45,64]. Perceived difficulty of
use decreases patient acceptance of CHITs [3]. CHITs are often
promoted as mechanisms for increasing patient “empowerment,”
“engagement,” “activation,” and so on [65], but little data exist
on the association between self-efficacy and interest in using
CHIT [3]. Our data suggest that the underlying attitudes of
patients toward their health influence the desire to use such
technologies. Health self-efficacy may explain the underlying
attitudes that assist patients in overcoming the learning curve
required to adopt CHITs. Such a concept has practical
implications in that such underlying attitudes may explain some

of the variability in the efficacy of CHITs observed in trials
within different populations [6]. Developers may also consider
targeting high self-efficacy users for increasing the likelihood
of a successful CHIT implementation.

Smartphone Ownership and Overall Interest
Mobile health apps are poised to become a determining factor
in restructuring old health care services and systems still based
on physical relationships between patients and providers [66,67].
The data from this study indicate that smartphone use is a strong
predictor of CHIT interest. Supporting this finding is a recent
patient survey, in which 86% of respondents demonstrated
interest in using a mobile app to improve their health [68].
Despite widespread enthusiasm and public interest, national
survey data demonstrate that mobile apps offered by providers
were lower rated by users and are not aligned with patient wants
or needs [10]. Due to their ease of use, smartness, accessibility,
mobility, and connectivity, smartphones are an effective and
consumer-oriented technology platform; however, health
systems consistently lag behind in mobile technology offerings
[69]. These data, together, suggest that there exists a large
opportunity for providers to improve their mobile offerings,
focusing on usability and the functionalities patients desire.

Limitations
This study has some limitations. The survey was administered
to patients seen within the Cleveland Clinic Neurological
Institute. The study sample was largely white (3115/3852,
92.90%), with a moderately high median annual household
income (US $54,578); centers with different demographics may
have different findings. However, these clinics see patients with
a broad range of conditions, spanning from back pain to
neurodegenerative disorders to psychiatric conditions. Moreover,
this study assesses the CHIT interest of current health care users
rather than the population-based surveys that are often used to
assess attitudes and preferences, and thus, may more accurately
reflect the preferences of current patients. Another limitation is
the deployment of surveys via the MyChart patient portal,
introducing possible responder bias as respondents using the
patient portal may be more apt to use health technologies.
However, there was no significant difference in patient interest
in using CHIT between respondents receiving the survey via
the patient portal and the sample of respondents completing the
survey in the clinic lobby.

Future Directions
This study provides insight into the interests and needs of current
health system patients. This study also demonstrates how such
information can be used to model patient interest to target
technology offerings of providers. Future studies should include
the development of more sophisticated predictive models;
continuing to identify subpopulations defined by disease states,
preferences, and need attributes will further optimize CHIT
implementations.

Conclusions
Health care is under pressure to improve outcomes and decrease
cost; CHITs provide a promising solution. CHIT developers
often pay minimal attention to patients’motivations, needs, and
psychosocial characteristics [70]. Such oversights may lead to
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underutilization of provider-based CHIT. In order to solve this
problem, patients should be recognized as full stakeholders in
health information systems and their perspectives should be
systematically incorporated into development efforts [71]. Due
to high patient interest, CHIT developers and health system
clinician leaders should consider focusing CHIT development
toward smartphone platforms and developing CHIT apps that

allow patients to schedule appointments and to ask questions
of their providers [72,73]. Patients with depression have a high
interest in CHITs and thus may benefit from provider offerings
of evidence-based CHITs. Health self-efficacy is an independent
predictor of CHIT interest and should be considered in future
attempts to explain CHIT adoption and efficacy patterns.
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Abstract

Background: Telemedicine and electronic health (eHealth) interventions have been proposed to improve management of chronic
obstructive pulmonary disease (COPD) for patients between traditional clinic and hospital visits to reduce complications. However,
the effectiveness of such interventions may depend on patients’ comfort with technology.

Objective: The aim was to describe the relationship between patient demographics and COPD disease severity and the use of
communication-related technology.

Methods: We administered a structured survey about the use of communication technologies to a cohort of persons in the
COPDGene study at one midwestern hospital in the United States. Survey results were combined with clinical and demographic
data previously collected as part of the cohort study. A subsample of patients also completed eHealth simulation tasks. We used
logistic or linear regression to determine the relationship between patient demographics and COPD disease severity and reported
use of communication-related technology and the results from our simulated eHealth-related tasks.

Results: A total of 686 patients completed the survey and 100 participated in the eHealth simulation. Overall, those who reported
using communication technology were younger (P=.005) and had higher incomes (P=.03). Men appeared less likely to engage
in text messaging (P<.001) than women. Patients who spent more time on tasks in the eHealth simulation had greater odds of a
COPD Assessment Test score >10 (P=.02) and walked shorter distances in their 6-minute walk tests (P=.003) than those who
took less time.

Conclusions: Older patients, patients with lower incomes, and less healthy patients were less likely to report using communication
technology, and they did not perform as well on our simulated eHealth tasks. Thus, eHealth-based interventions may not be as
effective in these populations, and additional training in communication technology may be needed.

(J Med Internet Res 2018;20(4):e125)   doi:10.2196/jmir.9382
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Introduction

Chronic obstructive pulmonary disease (COPD) is the
third-leading cause of death in the United States and is a major
cause of morbidity and mortality [1]. The management of COPD
includes smoking cessation, pulmonary rehabilitation, oxygen,
and pharmacologic treatments such as systemic steroids,
inhalers, and periodic antibiotic treatments [2]. Diligent
adherence to these therapies is associated with decreased
mortality, fewer exacerbations and hospitalizations, and quality
of life improvements [3-5]. Most patients, however, are
nonadherent to approximately half of their therapies [6]. Barriers
to COPD therapy adherence include the complexity and cost of
regimens, incorrect medication knowledge and beliefs, health
literacy, and cognitive deficits [4,7,8]. The management of
COPD can be especially challenging in rural areas where access
to care is limited. Indeed, rural patients with COPD have been
found to have worse outcomes [9].

One approach for supporting patient self-management between
traditional office visits, including in rural areas, has been to use
telephone-based interventions, an approach often referred to as
“telehealth.” Such programs have used nurses or other members
of the health care team to regularly monitor patient symptoms
via telephone. When patient worsening is identified, actions
such as the early prescribing of antibiotics or steroids can be
administered [10]. However, the results of telehealth
interventions are mixed [10,11].

Recently, cellular and internet-connected devices have been
suggested as an alternative or extension to telehealth
interventions as a way for patients and providers to engage in
bidirectional electronic information exchange. These
interventions have been referred to as electronic health (eHealth)
or included under the umbrella of telehealth. For example,
internet-connected devices have been used as a means to
measure a patient’s lung function and oxygen saturation, to
provide information about a patient’s clinical condition to
clinicians, or provide direct recommendations to the patient
[12]. Identifying interventions that increase the quality of
patient-provider communication, symptom reporting, and data
exchange are critical as health care systems look for strategies
to decrease COPD exacerbations and hospital admissions [13].
However, studies on internet-based telehealth interventions in
patients with COPD have reported mixed results as well [14-17].

Although the use of the internet among older adults is increasing,
it still is lower than among younger populations, with rates of
internet adoption at 58% for persons aged 65 years and older
[18]. A study examining the use of secure messaging between
patients and physicians found one-third of those aged 55 years
and older had used secure messaging, but there were significant
disparities in use due to income, race, education, and health
status [19]. Barriers to internet and information technology
adoption for older adults include lack of broadband access, rural
living, lower ownership of internet-enabled tablets or mobile
phones, physical disabilities (ie, impaired vision), the preference
for assistance when interacting with a new device, and health
literacy [20-23]. Patients with COPD may also have a lower

level of internet use because advanced age is a risk factor for
COPD.

This paper aims to report the relationship between COPD and
ownership and use of various technologies and devices.
Specifically, we examine the effect of COPD severity and
patient demographics on not only technology use and ownership,
but also completion time for a simulated eHealth task.

Methods

Overview
All data were collected from adults participating in the
COPDGene multicenter cohort study at the University of Iowa
Hospitals and Clinics. The COPDGene study details have been
reported elsewhere [24]. Briefly, COPDGene is a multicenter
observational study including current and former smokers
designed to identify genetic factors associated with COPD. A
total of 10,192 non-Hispanic white and African American adults
aged 45 to 80 years with a minimum 10 pack-year smoking
history were enrolled between January 2008 and April 2011.
Participants were phenotyped by completing questionnaires,
blood tests, imaging, and spirometry. During a scheduled
COPDGene study visit, patients were surveyed using a
structured interview conducted by a respiratory therapist
research nurse either by telephone or in person. Surveys were
completed between August 2014 and June 2016. Beginning in
May 2015, interested patients also could participate in a brief
simulation in which a set of simple eHealth tasks were
performed and timed. Patients were compensated for taking part
in the COPDGene cohort, but no additional compensation was
provided for taking part in the survey. Those agreeing to
participate in the additional eHealth simulation were offered a
US $10 gift card for their time. Both the survey and eHealth
simulation substudy were approved by the COPDGene group
and the University of Iowa Institutional Review Board. This
study was conducted in accordance with the amended
Declaration of Helsinki.

Survey
The survey was administered via a structured interview. The
objective was to assess the use of various communication
technologies that could be used in eHealth interventions
including cellular telephones, text messaging, email, and video
chat (Multimedia Appendix 1). A combination of yes/no
questions and several short responses were used. Interviews
lasted 5 to 10 minutes and responses were recorded in RedCap
(Nashville, TN, USA), a secure online database hosted at the
University of Iowa and linked to the patient’s COPDGene
identifier.

Clinical Data
Survey data were linked to clinical and demographic data from
the COPDGene study database using the study identifier.
Variables included age, gender, income level, and validated
measures of disease progression—the 6-minute walk test and
COPD Assessment Test (CAT) [25] score. These variables were
collected during their most recent COPDGene visit.
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eHealth Simulation
Six months after the structured interviews began, we invited
participants to engage in a series of timed eHealth simulation
exercises. These tasks involved launching an app, entering an
access code, and responding to two CAT items. Participants
performed these tasks on a laptop computer running Microsoft
Windows (Redmond, WA, USA) and two tablet computers, one
running the iOS mobile operating system (Cupertino, CA, USA)
and one running the Android operating system (Mountain View,
CA, USA). The time required for study participants to perform
each task was recorded using a digital stopwatch. The order of
devices was randomized to allow for comparisons.

Analysis
To describe technology ownership and use, we calculated the
percentages of ownership of computers and cell phones, as well
as the use of email and video chat services, such as Skype
(Redmond, WA, USA). For patients who owned a cell phone,
we computed percentages of those who carry a phone regularly,
own an internet-enabled mobile phone (smartphone), and use
text messaging. We also calculated the percentages of those
who use text messaging, given they either own a smartphone
or use a cell phone regularly.

To determine if technology use differed by demographic
characteristics, we estimated six logistic regression models. All
models had age, sex, and income as covariates, and the outcome
variables were cell phone ownership, smartphone ownership,
computer ownership, use of text messaging, use of email, and
use of video chat.

To determine if technology use differed by the severity of the
patient’s disease, we estimated three sets of models. The
outcomes for each set were the result of the 6-minute walk test
and dichotomized CAT score (<10, ≥10). Because the result of
the 6-minute walk test is continuous, we estimated linear
regression models. For the dichotomous CAT score variable,
we estimated logistic regression models. For each set of models,
we estimated three separate models (one for each technology):

text messaging, email, and video chat. Covariates for all models
were patient age, sex, income, and a measure of technology use.

We characterized technology use in three ways. First, we divided
ownership and use into three levels: nonowner of relevant
technology, owner/nonuser of relevant technology, and
owner/user of relevant technology. Second, we considered
standardized task time from the eHealth simulations. We first
converted each task time into a z score and took the sum of the
normalized task times for the use of the iPad, Android tablet,
cell phone texting, and email as a direct measure of familiarity
of comfort with the given technology.

Finally, we considered the ability of simple questions about
technology ownership and use (eg, “Do you own a smartphone,
computer, or tablet?” and the video chat measure “Do you use
Skype?”) to predict task performance. We estimated 12 linear
regression models, one for each combination of device tested
(laptop, Android tablet, iPad, and cell phone) and task (email,
text messaging, and video chat). The outcome was task time,
and the covariates were gender, age income, and a variable
representing the use/nonuse of that task (nonowner, owner,
nonuser, and user).

All statistical analysis was completed using R 3.2 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Survey Results
There were 712 persons approached to complete the structured
interview survey, of these 686 (96.3%) participated and provided
complete survey data. In all, 100 patients also participated in
the eHealth simulation task subsample out of 256 who were
approached (39.1%). Demographics and summary statistics of
the full sample and the subsample who performed the eHealth
simulation tasks can be found in Table 1. The mean age of
participants who completed the survey was 68.7 (SD 8.2) years,
and 52.2% (358/686) were female.

Table 1. Characteristics of study participants.

Task subsample (n=100)Study sample (N=686)Characteristic

65.6 (7.8)68.7 (8.2)Age (years), mean (SD)

66 (66.0)358 (52.2)Gender (female), n (%)

Income (US $), n (%)

8 (8.0)42 (6.1)<15,000

22 (22.0)154 (22.4)15,000-35,000

17 (17.0)139 (20.3)35,000-50,000

23 (23.0)160 (23.3)50,000-75,000

18 (18.0)133 (19.4)>75,000

12 (12.0)58 (8.5)Missing

9.8 (7.8)9.6 (6.9)CATa Score, mean (SD)

1442.5 (367.3)1410.3 (402.7)Six-Minute Walk, mean (SD)

aCAT: COPD Assessment Test.
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Table 2. Description of technology ownership and use for the participants and mean task time for the subsample of participants engaging in the eHealth
simulation tasks (N=686).

ParticipantsTechnology use characteristic

645 (94.0)Cell phone ownership, n (%)

Cell phone owners who..., n (%)

307 (47.6)Have a smartphone

510 (79.1)Carry their phone daily

442 (68.5)Send/receive text messages

286 (93.2)Send/receive text messages given ownership of a smartphone

384 (75.3)Send/receive text messages given daily carrying of a cell phone

607 (88.8)Computer ownership, n (%)

564 (92.9)Use email given computer ownership, n (%)

195 (32.1)Use video chat (Skype), n (%)

Task times (simulation subsample only), mean (SD)

76.3 (46.9)iPad

49.4 (30.6)Android

52.8 (25.9)Laptop

55.0 (26.4)Basic phone texting

Table 3. Logistic model of demographic predictors of ownership and use for the total sample.

Use video chatUse emailOwn computerUse text messagingOwn smartphoneOwn cell phoneCharacteristic

POR (95%
CI)

POR (95%
CI)

POR (95% CI)POR (95%
CI)

POR (95%
CI)

POR (95%
CI)

.200.99 (0.96-
1.01)

.0020.93 (0.89-
0.97)

.0050.95 (0.92-
0.99)

<.0010.87 (0.84-
0.89)

<.0010.92 (0.90-
0.94)

<.0010.89 (0.84-
0.94)

Agea

.270.82 (0.57-
1.18)

.100.59 (0.31-
1.12)

.870.96 (0.57-
1.60)

<.0010.66 (0.45-
0.98)

.240.81 (0.57-
1.16)

.080.54 (0.26-
1.10 )

Maleb

Income (US $1000)

.960.98 (0.39-
2.46)

.890.91 (0.23-
3.57)

.040.41 (0.18-
0.95)

.760.87 (0.36-
2.12)

.700.86 (0.38-
1.91)

.530.67 (0.19-
2.37)

<15

1.001.001.001.001.001.0015-35

.461.24 (0.69-
2.22)

.351.51 (0.53-
3.63)

.311.42 (0.71-
2.85)

.810.94 (0.53-
1.64)

.151.47 (0.86-
2.51)

.931.04 (0.44-
2.44)

35-50

.061.68 (0.97-
2.91)

.351.50 (0.63-
3.53)

.062.06 (0.97-
4.40)

.341.31 (0.75-
2.28)

.051.63 (0.98-
2.72)

.053.19 (0.98-
10.45)

50-75

<.0012.95 (1.70-
5.14)

.0078.16 (1.74-
38.21)

.00111.27 (2.52-
50.36)

.031.95 (1.06-
3.60)

<.0013.29 (1.92-
5.68)

.025.99 (1.26-
28.46)

>75

.970.98 (0.44-
2.20)

.881.08 (0.36-
3.29)

.890.94 (0.41-
2.16)

.720.88 (0.43-
1.81)

.340.71 (0.34-
1.46)

.310.67 (0.19-
2.37)

Declined

aAge is continuous.
bMale is in comparison to female.

A description of technology ownership and use is found in Table
2. Nearly all (94.0%, 645/686) participants owned a cell phone,
and most (74.3%, 510/686) of those carried their phone daily.
Somewhat fewer (89%, 607/686) participants owned a computer,
although nearly all (92.9%, 564/607) computer owners used
email. A third (195/607) used video chat. The mean length of
time needed for the eHealth simulations ranged from 49.4 (SD
30.6) seconds for the Android tablet to 76.3 (SD 46.9) seconds

for the iOS tablet. Demographic predictors of technology use
are summarized in Table 3. Generally, increasing age was
associated with lower odds of owning or using technology. Also,
a high income (greater than US $75,000/year) had higher odds
of owning and using technology compared to lower income
groups. Notably, among cell phone owners, men had odds of
texting that were 66% of those of women.
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Table 4. Logistic and ordinary least squares models including standardized eHealth simulation task times predicting disease severity (n=100).

Distance walkedbCAT score ≥10aCharacteristic

POR (95% CI)POR (95% CI)

.542.78 (–6.31, 11.87).040.93 (0.87, 1.00)Age

.3272.91 (–71.37, 217.19).621.30 (0.45, 3.69)Male

Income (US $)

.02–310.27 (–579.59, –40.95).105.10 (0.72, 36.11)<15,000

ReferenceReference15,000-35,000

.14163.26 (–56.20, 382.73).430.53 (0.11, 2.66)35,000-50,000

.11158.26 (–38.72, 355.24).192.44 (0.63, 9.40)50,000-75,000

.28113.80 (–96.61, 323.20).330.45 (0.09, 2.33)>75,000

.75–37.39 (–271.88, 197.10).133.49 (0.67, 18.22)Declined

.003–40.78 (–67.41, –14.15).021.27 (1.04, 1.55)Standardized task time

aCAT: COPD Assessment Test. CAT score is based on logistic model.
bThe 6-minute walk is based on ordinary least squares model.

In all cases (text messaging, email, and video chat), being an
owner and user was associated with a lower CAT score
compared with owner/nonusers and nonowners (Multimedia
Appendix 2). Multimedia Appendix 3 repeats the analysis of
Multimedia Appendix 2 but considers the distance covered in
a 6-minute walk instead of CAT score. A statistically significant
increase in distance covered among owner/users relative to
owner/nonusers of email and video chat was observed, but not
for text messaging. Nonowners of a computer or a smartphone
walked a longer distance than owner/nonusers of email. None
of the other nonowners traveled a statistically significant
distance relative to owner/nonusers.

eHealth Simulation Results
Results of a regression of standardized task time from the
eHealth simulation and disease severity are reported in Table
4. Increased task time was statistically significantly associated
with having a CAT score greater than 10 and recording fewer
steps on the 6-minute walk test, surrogate markers for increased
disease severity. For each standard deviation from the mean
task time, we found a 27% increase in the odds of having a CAT
score of 10 or greater. Likewise, for each standard deviation
increase from the mean task time, we found a 41-unit decrease
in the distance covered in the 6-minute walk test.

Lastly, after adjustment for age, sex, and income, users of video
chat took less time than owner/nonusers to complete the laptop,
Android tablet, iOS, and text messaging tasks: OR 10.2 (95%
CI –0.5 to –20.0), OR 6.3 (95% CI –16.5 to 3.9), OR 16.4 (95%
CI –33.6 to 0.8), and OR 6.3 (95% CI –37.3 to 39.5) seconds,
respectively. On the other hand, nonowners took more time than
owner/nonusers on these tasks: OR 58.4 (95% CI 21.8-94.9),
OR 42.7 (95% CI 4.5-80.8), OR 22.7 (95% CI –42.7 to 87.1),
and OR 1.1 (95% CI –16.5 to 3.9) seconds, respectively. Lastly,
in Multimedia Appendix 4, we report the results of models of
task time from the eHealth simulation and reported
ownership/nonownership and use/nonuse of the devices. Email
users were significantly faster when using a laptop or Android
tablet than nonusers of email. Similarly, video chat users were

significantly faster on the laptop and iOS device than
nonowners.

Discussion

Our results showed that most respondents in our COPD cohort,
regardless of income or age, had access to either a cell phone
or personal computer, and most reported comfort using these
devices. However, use and familiarity with newer technologies,
such as smartphones or video chat, were less common. In
general, we found that participants with more severe disease
were less likely to report the use of technology. In addition,
when we tested participants’ ability to use technology in a
simulated eHealth task, we found that patients who had more
difficulty with completion of simulated eHealth tasks as evident
by taking longer to complete the task were more likely to have
more severe COPD as evident by having a greater odds of a
CAT score greater than 10 and walking shorter distances in their
6-minute walk tests. Thus, persons with worse COPD—the very
patients often targeted with eHealth-related interventions—may
require more significant training and infrastructure support,
such as greater incorporation of caregivers into the process.
Others have made similar recommendations for bridging this
digital divide with regard to patients living in rural communities,
racial minorities, and persons with low health literacy
[19,21-23].

We found that patients who reported owning and using video
chat and email, presumably for communicating with friends
and family, completed the simulated tasks of submitting answers
to CAT items more quickly. With some devices, however,
patients who owned the device but reported not using it had
worse task times than someone who did not even own the
device. Thus, ownership alone may not be a sufficient screening
question before an eHealth intervention because owner/nonusers
had worse task performance than owners who were more
frequent users. Thus, screening questions based on both access
to and use of eHealth technologies could serve as surrogates for
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self-efficacy related to digital health literacy, a component of
Health 2.0 skills [26].

In addition to having less advanced COPD, participants who
used more and newer communication technologies were also
younger and had higher incomes. Accordingly, studies and
clinical services that allow for patients to self-select may be
composed of relatively healthy patients and thus could make
eHealth-related interventions and programs look more effective
than studies with a broader sample. Conversely, studies or
programs consisting of patients who are older, less affluent, or
with more advanced stages of disease may be less effective
because these patients are less likely to be comfortable using
newer forms of communication. To help ensure effectiveness
of eHealth interventions, it may be valuable to design and tailor
interventions specific to these persons who are less familiar
with technology because older adults, in general, prefer
assistance when learning a new technology [20].

Other studies have reported findings suggesting that patients
with more severe disease may use technology less often,
independent of other demographic factors [27]. This finding
has important implications for COPD interventions because
patients with certain sociodemographic factors [28] and a history
of COPD exacerbations are more likely to experience
exacerbations, hospitalizations, and readmissions and therefore
are the most in need of intervention. These findings, combined
with our finding that demographic factors are associated with
lower technology use, might imply that interventions to prevent
readmissions in COPD patients may struggle to achieve the
desired results based on the interplay between
sociodemographics, health history, and experience with
technology.

Our findings echo concerns about the relationship between
eHealth interventions and health disparities. There was a
significant association in most of the analyses between low
income, higher disease severity, and lower technology use.
Proliferating eHealth initiatives that use advanced technologies

could disproportionately benefit wealthier, more native users
of technologies, adding to health disparities that already favor
those with more financial resources. Although we did not
specifically investigate differences between urban and rural
patients with COPD, rural patients may have more severe
disease than their urban and suburban counterparts [9,29]. This,
combined with issues of rural access to high-speed internet,
may further exacerbate health disparities for rural COPD
patients. Having high-speed internet access would increase
someone’s likelihood to have prior experience with newer
communication technologies, and their comfort levels with
eHealth-related care [21].

This study is subject to several limitations. Although our survey
had a high participation rate, we only surveyed and tested
participants within a single center in the COPDGene study.
Thus, our results may not be generalizable to the population of
COPD patients as a whole. Also, unmeasured characteristics
may have influenced each participant’s decision to participate
in COPDGene and in the eHealth simulation task subsample,
factors that presumably could affect their use of the technologies
of interest. The majority of our participants were white, and
patients belonging to different racial or ethnic groups may have
different experiences with technology and barriers to fully
participating in eHealth interventions. Also, the survey was only
administered in English. Future studies need to investigate the
use of technology in diverse populations of COPD patients.
Lastly, the cross-sectional nature of this study limits the ability
to make causal inferences.

Despite our limitations, we show that patients with COPD have
different levels of access and experience using communications
technology. With our simulated health tasks, we also showed
that older patients and patients with more severe disease had
more difficulty using technology. These findings demonstrate
the need for education and assistance for patients who are either
not as healthy or not as familiar with technology. Testing the
effectiveness of new interventions should include assessment
of previous technology use and familiarity.
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Multimedia Appendix 1
Structured interview script.
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Multimedia Appendix 2
Logistic model of variables predicting the odds of a patient having a CAT score ≥10 given age, gender, income, and prior use of
the given technology (N=686).
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Multimedia Appendix 3
Ordinary least squares model of the relationship between gender, income, and prior use of the given technology and 6-minute
walk distance (N=686).

[PDF File (Adobe PDF File), 21KB - jmir_v20i4e125_app3.pdf ]

Multimedia Appendix 4
Task time relative to owner/nonuser for nonowner and owner/user adjusted for age, sex, and income.

[PDF File (Adobe PDF File), 24KB - jmir_v20i4e125_app4.pdf ]
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Abstract

Background: The Dutch Ministry of Health has formulated ambitious goals concerning the use of telehealth, leading to
subsequent changes compared with the current health care situation, in which 93% of care is delivered face-to-face. Since most
care is delivered to older people, the prospect of telehealth raises the question of whether this population is ready for this new
way of receiving care. To study this, we created a theoretical framework consisting of 6 factors associated with older people’s
intention to use technology.

Objective: The objective of this study was to understand community-dwelling older people’s readiness for receiving telehealth
by studying their intention to use videoconferencing and capacities for using digital technology in daily life as indicators.

Methods: A mixed-method triangulation design was used. First, a cross-sectional survey study was performed to investigate
older people’s intention to use videoconferencing, by testing our theoretical framework with a multilevel path analysis (phase
1). Second, for deeper understanding of older people’s actual use of digital technology, qualitative observations of older people
executing technological tasks (eg, on a computer, cell phone) were conducted at their homes (phase 2).

Results: In phase 1, a total of 256 people aged 65 years or older participated in the survey study (50.0% male; median age, 70
years; Q1-Q3: 67-76). Using a significance level of .05, we found seven significant associations regarding older people’s perception
of videoconferencing. Older people’s (1) intention to use videoconferencing was predicted by their performance expectancy (odds
ratio [OR] 1.26, 95% CI 1.13-1.39), effort expectancy (OR 1.23, 95% CI 1.07-1.39), and perceived privacy and security (OR
1.30, 95% CI 1.17-1.43); (2) their performance expectancy was predicted by their effort expectancy (OR 1.38, 95% CI 1.24-1.52);
and (3) their effort expectancy was predicted by their self-efficacy (OR 1.55, 95% CI 1.42-1.68). In phase 2, a total of 6 men and
9 women aged between 65 and 87 years participated in the qualitative observation study. Of the primary themes, 5 themes were
identified that could provide greater understanding of older people’s capacities and incapacities in using digital technology: (1)
“self-efficacy and digital literacy,” (2) “obstacles to using technology,” (3) “prior experience and frequency of use,” (4) “sources
of support and facilitating conditions,” and (5) “performance expectancy.” These 5 themes recurred in all 15 observations.

Conclusions: Performance expectancy, effort expectancy, and perceived privacy and security are direct predictors of older
people’s intention to use videoconferencing. Self-efficacy appeared to play a role in both older people’s intention to use, as well
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as their actual use of technology. The path analysis revealed that self-efficacy was significantly associated with older people’s
effort expectancy. Furthermore, self-efficacy and digital literacy appeared to play a major role in older people’s capacities to
make use of digital technology.

(J Med Internet Res 2018;20(4):e123)   doi:10.2196/jmir.8407
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Introduction

Background
The increasing use of digital technology in society requires that
all citizens, including older people, have digital literacy. In the
Netherlands, people are gradually forced to regulate tasks online,
for example, banking or government-related issues, such as tax
returns or passport applications. The same applies for health
care, in which digital technologies are increasingly integrated,
for example, in telehealth, in which health care is delivered
remotely through the use of digital technology such as
videoconferencing.

On the basis of the belief that telehealth can offer a solution for
the increasing number of older people with a (chronic) disease
and the accompanying increasing demand for care, the Dutch
Ministry of Health formulated in 2014, three ambitions with
regard to the use of e-health to be achieved within 5 years: (1)
80% of chronically ill patients have direct access to (parts of)
their medical record, (2) 75% of chronically ill patients and
vulnerable older people who are willing and able to, actual
perform self-measurements, and (3) all community-dwelling
patients have the possibility to communicate via
videoconferencing with their health care providers [1]. These
ambitions require a major change to the current health care
situation, in which 93% of the care occurs face-to-face according
to a recent poll [2]. These ambitions are based on the
technological possibilities of telehealth; however, they raise the
question of whether patients, especially older patients, are ready
for this new method of care delivery; do older people intend to
use videoconferencing and what capacities do they have in using
digital technology?

Olson and colleagues [3] showed that there is limited evidence
that older adults are averse to using technology, but their
frequency and choice of the type of technology often differ from
younger adults. Older people are part of another technology
generation than younger people and consequently raised with
different types of technology (eg, television, radio, telephone)
[4] than the technologies that are currently used in health care
(eg, using the internet via PCs, notebooks, tablets, including
videoconferencing and apps). To facilitate the use of new

technologies, Holden and Karsh [5] emphasize the importance
of end users receiving sufficient support to ensure that they feel
confident in their ability to use these technologies. In health
care, nurses have an important role in providing this
technological support to patients to enable older people to
receive telehealth [6].

Consequently, to support older people in the use of digital
technology in health care, we must first understand their
readiness to do so, by exploring the factors associated with older
people’s intention to use digital technologies, such as
videconferencing (which is a part of telehealth). Furthermore,
it is relevant to explore how older people address technology
in their daily life. Several studies with regard to older people’s
acceptance of technology [7-10] are built on the Technology
Acceptance Model (TAM) [11] and the modified version of this
model, the Unified Theory of Acceptance and Use of
Technology (UTAUT) [12]. The TAM [11] and UTAUT [12],
however, provide neither a deep understanding of the relations
and interactions between factors and nor insight into the
capacities of community-dwelling older adults to use digital
technology. This insight, however, is needed to understand older
people’s readiness to receive telehealth.

Purpose of the Study
This study aims to obtain a deeper understanding of
community-dwelling older people’s readiness to receive
telehealth by studying older people’s intention to use
videoconferencing and capacities or incapacities to use digital
technology in daily life as indicators. Since individual’s intention
to use technology can substantially differ from their actual
behavior [13], both intention and actual use of technology are
examined in this study. This knowledge could benefit health
care professionals’ abilities to assist older people in using
technology and enable older people to benefit more from novel
technology that supports them in aging in place. To achieve
this, the following steps were taken and reported in this study:
(1) literature review to build a theoretical framework of intention
to use technology, (2) testing the framework, (3) collection of
data on older people’s capacities or incapacities to use digital
technology, (4) synthesis of all results, and (5) conclusions and
implications for older people’s readiness to use telehealth.
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Figure 1. Theoretical framework. This framework displays the factors associated with older people’s intention to use technology. Each hypothesis is
based on prior research, as shown. H=hypothesis.

Literature Review—Older People’s Intention to Use
Technology and Associated Factors
In 2017, a literature search was performed to build a theoretical
framework of older people’s intention to use technology and
associated factors. Therefore, the search terms “older people,”
“technology,” “intention,” and “factors,” as well as alternative
terms, such as “seniors” and “associations,” were used for a
search in CINAHL, Google Scholar, PsycINFO,
MEDLINE/PubMed, ScienceDirect, Scopus, and Web of
Science. To scope the literature review, inclusion criteria were
as follows: (1) target group with a median or mean age of 65
or older, (2) publication date less than 10 years ago, (3)
peer-reviewed original research, (4) quantitative studies in which
“intention to use technology” was tested as a dependent variable,
and (5) studies written in English. The process and results of
the literature search, in terms of search strings, number of hits,
and number of selected studies, are shown in the Multimedia
Appendix 1.

Theoretical Framework of Intention to Use Technology
Of the 249 studies that were found in September 2017, only 29
studies met the criteria. After duplicate studies were filtered
out, 11 studies remained [8,14-23], and these 11 studies were
used to build the theoretical framework on older people’s
intention to use technology (see Figure 1). On the basis of the
11 included studies, the theoretical framework shows six
predictors of older people’s intention to use technology:
performance expectancy, effort expectancy, self-efficacy,
subjective health status, perceived privacy and security, and
frequency of internet use. The operationalization of these
predictors is presented in Table 2 in the Results section. All
hypotheses with regard to older people’s intention to use
technology and the related sources of evidence are illustrated
in Figure 1.

Methods

Design
A mixed-method triangulation design [24] was used, including
a cross-sectional survey study (phase 1), generating quantitative
data concerning older people’s intention to use
videoconferencing, and an observational study (phase 2),
yielding qualitative data concerning their actual use, by
observing their capacities in using technology in daily life. In
phase 1, we focused on “videonferencing,” a relatively new
technology (in health care), that is often used in telehealth
services. To observe a representative sample in phase 2, we
focused in this phase on more traditional, commonly used
technologies. If we adhered to videoconferencing, we could
have observed only those older people who use
videoconferencing, which might have introduced a selection
bias. Both insights, intention to use and actual use of technology,
are important to understand older people’s readiness to receive
telehealth.

Phase 1: Cross-Sectional Study on Older People’s
Intention to Use Videoconferencing

Setting and Participants
Participants were recruited in September 2012 for the
cross-sectional study. Older people were invited to fill out a
paper version of the survey through 2 patient advocacy
organizations, 2 senior social clubs, 5 health care organizations,
and a senior information day in Utrecht. Additionally, to reach
a large group of potential participants, a Web-based panel of
approximately 2000 clients was invited to fill out an online
version of the survey.

Two inclusion criteria, (1) independently living at home and
(2) being 65 years of age or older, were maintained. To estimate
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the required sample size, we followed the rule of thumb for
multiple regression analysis, with the purpose of building a
prediction framework: maintain a ratio of 10 positive cases in
the dataset to 1 predictor variable in the full path analysis [25].
Since the full path analysis contains 6 predictors, a sample with
at least 60 positive cases was required. The dependent variable
“intention to use” (measured on a 5-point scale, with 1=totally
disagree, 2=disagree, 3=neutral, 4=agree, and 5=totally agree)
was used to calculate the number of positive cases by labeling
participants with a response from 1 to 3 as “non-cases” and
participants with a response from 4 to 5 as “positive cases,”
resulting in 70 positive cases.

Cross-Sectional Survey
We collected data using a survey to test the hypotheses
illustrated in the theoretical framework. The outcome measured
was set as “intention to use videoconferencing,” aligned with
the ambitions of the Dutch ministry in which the use of
videoconferencing is an important part of telehealth.

The survey included items covering the following topics:
demographic questions (eg, age, gender, and educational level);
health-related questions (eg, health status) based on Czaja et al
[26]; technology experience in daily life (with, eg, internet,
computer) based on Czaja et al [27]; and older people’s
perception of videoconferencing (eg, performance expectancy,
effort expectancy, and intention to use videoconferencing) based
on Chang and Hsu [28] and Gagnon et al [29]. All constructs
regarding older people’s perception of their health and
perception of videoconferencing were measured with multiple
statements.

Table 2 lists all constructs (predictors and dependent variables)
and related statements that were used to test our theoretical
framework. The survey items that were based on previously
developed and used questionnaires were translated from English
into Dutch and cross-translated. Subsequently, the content of
the survey was discussed with experts in aging and technology
who were selected from our network and pilot-tested among a
representative group of older people to determine the readability
and comprehensibility.

Statistical Analysis
Missing values were substituted using the 5-time multiple
imputation method to reduce bias [30]. The results of the
statistical analysis of each of the 5 imputed dataset were pooled
using Rubin’s rule [31].

The internal consistency of the constructs (eg, self-efficacy,
performance expectancy) was assessed with Cronbach alpha,
considering Cronbach alpha values between .70 and .95 to be
“good” [32]. For our multilevel regression analysis, the variable
“frequency of internet use” was dichotomized, using a
data-driven method to select an appropriate cut-off point. In the
survey, participants were asked: “on average, how many hours
per week do you use the internet?,” whereby, 0=not, 1=0 to 1
hours, 2=1 to 5 hours, 3=5 to 10 hours, 4≥10 hours. The cut-off
point was set at 2, meaning 0=less than 5 hours a week and 1=5
or more hours per week.

All hypotheses, as illustrated in our theoretical framework
(Figure 1), were tested using a path analysis approach [33]. In
the full path analysis, 4 outcome variables, that were
interconnected, were tested at once (see Figure 1): Outcome 1
“intention to use videoconferencing” predicted by (1)
“performance expectancy,” (2) “effort expectancy,” (3)
“self-efficacy,” (4) “subjective health status,” (5) “perceived
privacy and security,” and (6) “frequency of internet use”;
Outcome 2 “performance expectancy” predicted by “effort
expectancy”; Outcome 3 “effort expectancy” predicted by
“self-efficacy”; and Outcome 4 “perceived privacy and security”
predicted by “perceived privacy and security.” In this way, the
effects of group-level predictors were deliberately confounded
with the effects of the group variables, thus upholding the
hierarchical structure. As such, the effects of both levels of
variables could be estimated. All three outcome variables and
accompanying predictors in the path analysis were based on the
literature mentioned in the introduction. A significance level of
.05 was used to determine whether predictors had a significant
association with the dependent variable.

Additionally, starting with the full path analysis (Figure 2), a
backward selection procedure was performed; at each step, the
variable with the highest P value was excluded first.
Simultaneously, at each step, the goodness of fit of the
framework was examined using the Akaike Information
Criterion (AIC) [34] to assess the performance of each model
compared with the initial framework. Following this procedure,
a final path analysis (Figure 3) was reached with only significant
(significance level of .05) predictors and using the AIC as a
threshold. In this final framework, the themes derived from the
qualitative data were included.

We used the statistical package R (version 3.4.2; 2017-09-28;
The R Foundation for Statistical Computing) for the path
analysis. All other statistical analyses were performed using
SPSS (IBM Corp Released 2016, IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY: IBM Corp).

Phase 2: Observations on Using Technology in Daily
Life

Qualitative Approach and Research Paradigm
Given the relative lack of exploratory studies on
community-dwelling older people’s capacities or incapacities
to use technology, we performed a conventional content analysis
[35] on the qualitative data obtained from observations of older
people using digital technology at their home. Our approach
was constructivist, using an interpretative phenomenological
epistemology [36] based on the notion that there is not one
“truth” in regard to the phenomenon of technology use.

The observations were executed by the third author and by
third-year bachelor’s degree-level students with backgrounds
in nursing, health care management and Cesar exercise therapy.
Before their observations, these students received training from
our research team on how to perform observations. None of the
observers were known to the participants before the observations
being performed. All observations were discussed by our
multidisciplinary research team. As members of the research
team, the first author of this paper (CvH) has a background in
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nursing, sociology, and nursing education; the second author
(RE), in nursing, nursing science, and epidemiology; the third
author (MA), in human movement science and nursing
education; and the fourth author, in medical biology, built
environment, and gerontechnology (HK).

Context, Setting, and Sampling
In 2012, between September and December 2012, we conducted
the study among community-dwelling older people (65 years
of age or older). The sampling started in phase 1, along with
the survey, and participants were informed about the opportunity
to also volunteer in phase 2 (the observations). When the
participants were willing to participate in phase 2, they filled
out a form with contact details, which they returned to the
research team together with their completed survey. For phase
2, the same inclusion criteria were held as in phase 1: (1)
independently living at home and (2) being 65 years of age or
older. However, we also selected based on both “experience
with a computer” and “experience without a computer,” with
the aim of being able to observe participants with and without
computer experience. After 15 cases were observed, theoretical
saturation was reached; sufficient data were collected to
understand the concepts of our study.

Data Collection and Processing
To facilitate consistency over different sets of observations, a
list of day-to-day technological tasks was composed before the
data collection. The tasks were developed by the third and last
authors during a 2-day workshop with our American research
partners (details described under “Acknowledgments”), which
resulted in the following 8 categories: (1) computer basics (eg,
“create a new folder on your desktop”), (2) email (eg, “send an
email with an attachment”), (3) use of the internet (eg, “show
a map of your town”), (4) television (eg, “change the volume
of your TV”), (5) mobile phone (eg, “show how to save a contact
in your contact list”), (6) household (eg, “make popcorn in a
microwave”), (7) health (eg, “show how to use a digital scale”),
and (8) videoconferencing (eg, “show how to start
videoconferencing with your nurse”).

Without a specific time constraint, the observant followed this
list of tasks and encouraged the older adult to accomplish the
task independently. The older people could ask for a hint when
they could not proceed with the task. The observant encouraged
the older people to think aloud during the performance of their
technological tasks. During the direct observations, notes were
made using a form with space for notes for each of the tasks
and blank space for other possible remarkable occurrences.
These notes were used during the iterative analysis process.

All observations were audio-recorded and lasted 1 hour on
average. The audio-recordings were transcribed and
anonymized. All transcripts were stored, coded, and analyzed
in MAXQDA (software for qualitative data analysis, 1995-2016,
VERBI Software—Consult—Sozialforschung GmbH, Version
12.2.1, Berlin, Germany).

Data Analysis
Data analysis followed the steps for conventional content
analysis as outlined by Hsieh and Shannon [35], a method to

describe a phenomenon—in this case, the daily use of digital
technology by older people. Through an iterative process of
coding, by discussing findings in the light of the literature, the
research team identified and described the most prevalent themes
with regard to older people’s day-to-day use of technology. The
concepts derived from our theoretical framework in (Figure 1)
were used as “sensitizing concepts,” defined as “interpretive
devices and as a starting point for qualitative research” [37]. In
addition to the concepts derived from Figure 1, the contextual
factors in the use of technology, as described by McFarland and
Hamilton [38], were also used as a starting point for analysis
(eg, task structure, prior experience, other’s use).

Although these 2 frameworks were used, we conducted an open,
inductive analysis, starting with open coding. To enhance
trustworthiness, CvH and MA coded the verbatim transcripts
independently, with a focus on the sensitizing concepts and the
main question: “How do older people struggle with digital
technology use and what supports them?” The first round of
coding by two of the authors (CvH and MA) resulted in 1022
coded text segments. Then, these open codes were discussed
among all authors to organize and group the codes into
meaningful clusters. After this discussion, 157 text segments
were considered irrelevant. The remaining 881 text segments
and related codes were clustered and categorized. We searched
for themes that occurred in each observation with all
participants. Eventually, we achieved consensus on the primary
themes observed in the data.

In the last phase, definitions for each theme were developed
and provided with illustrative examples or quotations from the
data. Quotations in this study were translated from Dutch into
English. During the whole analysis, we kept in mind that we
were looking for information that could eventually benefit
nurses’ in assisting older people to use technology in health
care. To illustrate the qualitative results, the themes and
subthemes were drawn in Figure 3.

Ethical Approval
This research was conducted following Dutch human subject
regulations. Since the Dutch Medical Research Involving Human
Subjects Act did not apply to either phase 1 or phase 2 of this
study, no official ethical approval was required. Nevertheless,
all necessary precautions were taken to protect the anonymity
and confidentiality of our participants. The Dutch Medical
Research Involving Human Subjects Act applies to medical
research “if there is an infringement of the physical and/or
psychological integrity of the subject” [39].

Cliëntenbelang Utrecht (an organization that defends the interest
of health care clients) approved the study and provided access
to the client panel. All participants were informed with a letter
containing information about the purpose of the study.
Participants were informed that their participation was voluntary,
that they were free to decline or discontinue their participation
at any time and that their responses were processed anonymously
and only used for research purposes. No person identifying
information was collected.
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Results

Phase 1: Cross-Sectional Study on Older People’s
Intention to Use Videoconferencing

Characteristics of Study Population
In total, 288 older people filled out the questionnaire on paper
or online. Of these individuals, 22 were excluded since they
were younger than 65 years of age. Of the 256 cases left, 50.0%
(128/256) were male and 50.0% (128/256) were female, with
a median of 71 years (Q1-Q3 67-76). A minority (13.7%,
35/256) of participants had experience with videoconferencing,
of whom approximately half had less than 1 year of experience,
while the other half had more than 1 year. The majority (71.1%,
182/256) completed an average or high level of education. Of
the 256 cases, 21.1% (54/256), missed one or more questions
that were used for this study. Their missing values were
substituted using the 5-time multiple imputation method. All
demographic details of the participating older people are listed
in Table 1.

Descriptive Results and Consistency of the Research
Constructs
The internal consistency of the 6 constructs was “good,” with
a Cronbach alpha of more than .70 [32]. All grouped items and
accompanying median scores, 1st and 3rd quartile ranges, and
Cronbach alphas are presented in Table 2.

Results of the Path Analysis
Using a significance level of .05, the multilevel path analysis
revealed that 5 of the 9 hypotheses regarding older people’s
perception of videoconferencing were supported. On level 1,
older people’s intention to use videoconferencing was
significantly predicted by their performance expectancy (odds
ratio [OR] 1.26, 95% CI 1.13-1.39), effort expectancy (OR 1.23,
95% CI 1.07-1.39), and perceived privacy and security (OR
1.30, 95% CI 1.17-1.43). In our sample, self-efficacy (OR 1.09,
95% CI 0.94-1.23), subjective health status (OR 0.90, 95% CI
0.79-1.01), and frequency of internet use (OR 1.03, 95% CI
1.42-1.68) were not significantly associated with older people’s
intention to use videoconferencing.

On level 2, older people’s performance expectancy was
predicted by their effort expectancy (OR 1.38, 95% CI
1.24-1.52). On level 3, their effort expectancy was predicted by
their self-efficacy (OR 1.55, 95% CI 1.42-1.68). Our last
hypothesis, on level 4, was not supported: older people’s
perceived privacy and security was nonsignificantly predicted
by their subjective health status (OR 1.05, 95% CI 0.95-1.16).
The complete path analysis and unstandardized regression
coefficients, from which the ORs were derived, are illustrated
in Figure 2, with intention to use videoconferencing as the main
outcome variable.

Table 1. Demographic characteristics of participating older people (n=256; paper participants [n=70] and online participants [n=186]). N/A: not
applicable.

n (%)Characteristics

Gender

128 (50.0)Male

128 (50.0)Female

Age by category (in years)

182 (71.1)65-74

67 (26.2)75-84

7 (2.7)>85

N/AMedian age=71 (Q1-Q3=67-76)

Experience with the use of video conferencing

35 (13.7)Yes

221 (86.3)No

Highest completed educational level

10 (3.9)Lowest (primary education)

57 (22.3)Low (lower secondary education)

70 (27.3)Average (general or vocational upper secondary education)

119 (46.5)High (postsecondary nontertiary education)
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Table 2. Constructs of the path analysis: internal consistency and median scores. N/A: not applicable.

Median (1st quartile-3rd quartile)Cronbach alphaaConstruct and related items

3.0 (2.3-3.3).87Subjective health status (predictor variable)

3.0 (2.0-3.0)1. In general, I would say my health isb

3.0 (2.0-3.0)2. Compared with other people of my age, I would say my health isc

4.0 (3.0-4.0)3. How satisfied are you with your present health?c

3.3 (3.0-4.0).72Performance expectancy (predictor and outcome variable)

4.0 (3.0-4.0)1. By using videoconferencing, I can live longer in my own home independentlyd

3.0 (3.0-4.0)2. The use of videoconferencing will give me more freedomd

3.0 (3.0-4.0)3. The use of videoconferencing will enhance my self-relianced

3.8 (3.0-4.0).85Effort expectancy (predictor and outcome variable)

4.0 (3.0-4.0)1. I think videoconferencing will be clear and easy to used

4.0 (3.0-4.0)2. Videoconferencing will be easy to operate and used

4.0 (3.0-4.0)3. Videoconferencing will be easy to learnd

4.0 (3.0-4.0)4. Videoconferencing will have a clear guide for operationd

4.0 (3.4-4.2).77Self-efficacy (predictor variable)

4.0 (3.0-4.0)1. I am confident enough to use videoconferencingd

4.0 (3.0-4.0)2. Given an appropriate training, I will have the ability to use videoconferencingd

4.0 (3.0-4.0)3. I possess the necessary skills to learn how to use videoconferencingd

4.0 (4.0-5.0)4. I am afraid I will not learn how to use videoconferencinge

4.0 (3.0-5.0)5. I think I will find it hard to acquire the necessary skills to use videconferencinge

3.3 (2.8-3.7).79Perceived privacy and security (predictor and outcome variable)

3.0 (3.0-4.0)1. My feeling of security is higher with the use of videoconferencingd

3.0 (3.0-4.0)2. With the use of videoconferencing my feeling of security will be higherd

4.0 (3.0-4.0)3. The possibility of immediate contact with a health care professional will give me a safe feelingd

3.6 (3.0-4.0)4. The use of videoconferencing is confidentiald

3.0 (2.0-4.0)5. I will have no problems with the idea that videoconferencing consultations are savedd

3.0 (2.4-4.0)6. The use of videoconferencing will not influence my feeling of privacyd

N/AN/AFrequency of internet usef (predictor variable)

3.5 (2.8-4.0).76Intention to use videoconferencing (outcome variable)

3.0 (2.4-4.0)1. I am willing to use videoconferencing to complement my traditional cared

3.0 (2.0-4.0)2. I have the intention to use videoconferencing routinely to receive cared

4.0 (3.0-4.0)3. I intend to use videoconferencing when this is necessary to receive cared

4.0 (3.0-4.0)4. After an appropriate training, I am willing to use videoconferencingd

aCronbach alpha between .70 and .95 is “good” [32].
bLikert scale ranging from 1=“poor” to 5=“excellent.”
cLikert scale ranging from 1=“not satisfied at all” to 5=“very satisfied.”
dLikert scale ranging from 1=“totally disagree” to 5=“totally agree.”
eLikert scale ranging from 1=“totally agree” to 5=“totally disagree.”
fParticipants were asked: “on average, how many hours per week do you the internet?” 0: not, 1: 0-1 hours, 2: 1-5, 3: 5-10 hours, 4: >10 hours. For the
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path analysis, this variable was dichotomized, using a data driven method to select an appropriate cut-off point. The cut-off point was set at 2, meaning
0=less than 5 hours a week and 1=5 or more hours per week.

Figure 2. Older people’s (n=256) intention to use videoconferencing and associated factors. Unstandardized regression coefficients are shown, derived
from the path analysis. Estimates were pooled from the results of the analysis of 5 imputed datasets using Rubin’s rules. *Significant association, using
a significance level of .05 (dotted-line indicates nonsignificance).

Phase 2: Observations on Using Technology in Daily
Life

Characteristics of Observed Older People
Of the survey population of 256 older people, 16 older people
volunteered to take part in phase 2 of the study: with
observations conducted at their homes while they executed
technological tasks. The quality of one of the audio recordings
was too poor to be able to create a verbatim transcription,
leaving 15 observations suitable for qualitative analysis.

Among the observed older people were 6 men and 9 women.
Their age ranged from 65 to 87 years (mean=73.21, SD=6.59,
1 missing value). Of the participants, 7 had low levels of
education (lower secondary education), 2 received average-level
education (general or vocational upper-secondary education),
and 4 completed high-level education (bachelor’s degree or
higher, 2 values missing). Approximately half of the participants
did not have a computer (n=7), while the other half did use a
computer (n=8).

Understanding Older People’s Capacities to Use
Technology
In all, 5 primary themes were identified that could help us
understand older people’s capacities and incapacities in using
digital technology (ordered by frequency of occurrence): (1)
“self-efficacy and digital literacy,” (2) “obstacles to using
technology,” (3) “prior experience and frequency of use,” (4)

“sources of support and facilitating conditions,” and (5)
“performance expectancy.” These 5 themes were observed
among all 15 participating older people and included 865 of the
1022 coded text segments. Within these 5 primary themes,
several subthemes were identified, which are described below
and illustrated with exemplary quotations.

Theme 1: Self-Efficacy and Digital Literacy

In phase 2, “self-efficacy and digital literacy” was the most
prevalent theme that appeared to play a role in the day-to-day
use of technology by the older people we observed.
“Self-efficacy” refers to an individual’s belief in his or her
ability to accomplish a certain task in a specific situation [40].
We observed many situations in which older people expressed
low self-efficacy regarding technology use, but approximately
the same number of situations occurred in which high
self-efficacy was expressed. The following conversations
between a man and his wife illustrate the low self-efficacy of
the man and obstacles he experienced with his computer. The
conversation between the man and his wife started after the
participant (man) was asked to open his email, and to be able
to use his email, the participants had to turn on his computer
first:

Man: [With e-mails] I do nothing. I’m a “digital
illiterate.” [To his wife:] You always have a note
attached, don’t you? It’s not there, so I know nothing.

Wife: Can you turn it on, or not?
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Man: I don’t know, something with green, whether
it’s the right or left button. Was it something green?

Wife: Just try it.

Man: Nothing happens.

Wife: You have to push it longer. Do you hold it the
other way around?

Man: Nothing happens at all.

Wife: You do have to hold it longer, the red button.

Man: There is nothing red at all.

Wife: No, it isn’t red yet, you have to hold it longer.
[Participant 2, male, 81 years]

The theme of self-efficacy occurred in a variety of ways during
the observations; older people believed that they were not able
to accomplish certain technological tasks (low self-efficacy),
but discovered that they actually were able to do so or could do
so after a small suggestion on how to proceed. Further, we
observed older people who could explain very clearly how an
application or device worked and were proud that they possessed
the right skills, for example:

I think it’s already good that I am able to open my
e-mail and send e-mails back. [Participant 9, female,
72 years]

Another recurrent observation was older people who kept very
strictly to the things that they had learned and stayed away from
abilities outside of their knowledge. For example, one participant
said the following about his email application:

I never look over there, I just do everything I have
learned. [Participant 2, male, 81 years]

The same participant added:

Outside of that [email application], I become nervous.
[Participant 2, male, 81 years]

“Digital literacy” refers to “a large variety of complex cognitive,
motor, sociological, and emotional skills, which users need in
order to function effectively in digital environments” [41].
During the observations, while older people were executing
technological tasks, almost all participants experienced their
limited digital literacy. This limited “digital literacy” impacted
their technology use in several ways: (1) the functionality of a
device was only partially used since participants did not
understand how to use several functions or how to use the
required buttons and (2) when a new device was bought,
everything had to be learned from the start, as exemplified by
one of the participants:

But I notice that I'm not so good at electrical devices,
so this [task] has to go very slow. [...] Yes, I
remember, I was in the store and I touched it but I
did not know how it worked anyway. I actually felt
like a “dummy.” And I was reluctant, but he
[salesman] explained me how to put that thing on/off.
He said, “try to do it.” And there are also things that
I could execute at that moment, but not anymore [once
at home]. And then I have to ask again how it works.
[Participant 9, female, 72 years]

Task Structure

Within the theme of self-efficacy and digital literacy, two
subthemes were identified: “task structure” and “effort
expectancy.” Regarding the task structure, which is referred to
in the literature as the extent to which a task is nonroutine and
varied [38], we observed several older people who used the
functionality of a device only partially and, as a result, did not
benefit from all the possibilities the device offered. One male
participant, for example, stated that he only reads emails but
never responds:

In the past, I’ve had to type sometimes, but that’s way
too difficult, so I only read e-mails. As long as I have
her [his wife], she does that. [Participant 2, male, 66
years]

Another participant explained that she only uses her cell phone
in specific situations:

I only use it [cell phone] when I visit my son. When
I sit in the train, I call my son and ask him to pick me
up. But besides that, I never take my phone outside.
[Participant 13, female, 70 years]

Effort Expectancy

We also gained insight into the role of “effort expectancy,”
defined in the literature as “the degree of ease associated with
consumers’ use of technology” [12]. Several participants were
complaining about the nonease of use of the technologies they
used while executing the technological tasks. One woman, for
example, talked about the difficulty of saving a number in the
contact list of her cell phone:

...[in order to save a contact] I have to search a lot,
but I will get it done. Please wait, this is very illogical
[...]. Very illogical. I hope future devices are smarter.
[Participant 11, female, 76 years]

Another example of how effort expectancy plays a role in the
use of technology came from a participant who prepared himself
for executing a task with his cell phone. Seemingly easy
functions can already be difficult:

I first have to turn it [cell phone] on. That’s always
a bit tricky. Especially my wife has difficulties finding
that on button. [Participant 7, male, 74 years]

Theme 2: Hurdles to Using Technology

Obstacles

Older people experience all kinds of obstacles to using
technology, also referred to in the literature as “barriers” [42,43],
which are elements that hamper their use of technology. We
observed obstacles in diverse categories. At first, technical
obstacles presented themselves, for example, the disruption of
internet service, a broken button, a slow-running computer, or
a stuttering connection while videoconferencing.

Furthermore, we observed obstacles in the category “limited
digital literacy,” for example, unable to find the cursor (of the
mouse), getting confused after updates, or not knowing how to
use the internet. The third category included more personal
use-related barriers, for example, prefers to read the news in
the newspaper instead of on an iPad, forgets his or her password
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very often, or having resistance toward social media, as
expressed by one participant:

Wearing a personal alarm around my neck is fine
with me, but [...] Facebook and whatever else there
is, is another reality beyond my sensory reality.
[Participant 11, female, 76 years]

Anxiety

Additionally, in 12 cases, the subtheme “anxiety” was identified
as an obstacle to using technology. McFarland and Hamilton
[38] use a slightly different term, namely “computer anxiety,”
which they describe as “an individual’s uneasiness or
apprehension toward computers.” During our observations, a
variety of anxiety-inducing sources arose related to the use of
technology, including (1) receiving spam, (2) experiencing
system updates, (3) losing written text, (4) damaging a device,
(5) fearing the use of technology in general, (6) fearing
microwave radiation, (7) fearing inadequate privacy protection,
(7) feeling unsafe using the internet, and (8) fearing online scams
or cyber criminals. Regarding the last 2 obstacles mentioned,
one participant expressed her fear of online banking:

One hears so much...things that can go wrong with
online banking. I dedicated myself to, if possible, only
do online banking when one of my two children is
with me. [Participant 9, female, 72 years]

All anxiety sources mentioned above hampered the participants’
use of technology.

Theme 3: Prior Experience and Frequency of Use

While executing technological tasks, the theme of prior
experience and frequency of use was exhibited by all
participants. We observed people with much experience and
little experience, as well as participants who told to have a
device but reported never using it (eg, did not use their cell
phone since they already had their landline telephone).

The capacities and incapacities regarding technology use seemed
to be associated with older people’s experience in the past and/or
their frequency in use. Some participants said they were glad
that they learned to work with computers during their working
career. Others did not and had to learn everything from the start.
Their limited experience hampered their capacity to accomplish
technological tasks:

I really don’t know how it works, I just have it
[computer]. [Participant 14, female, 68 years]

In several cases, participants had forgotten how to accomplish
a specific task since they reported only doing it once or twice
in the past.

In contrast, more prior experience was clearly supportive:

This isn’t really complicated, since I already have
been working with that computer for 2 years now.
[Participant 6, male, 86 years]

According to the participants in this study, capacity in using
technology is a matter of experience and practice.

Theme 4: Sources of Support and Facilitating Conditions

Facilitating Conditions

When participants had to overcome obstacles to technology use,
they reached out to various sources of support. These sources
of support are part of the “facilitating conditions,” defined as
“consumers’ perceptions of the resources and support available
to perform a behavior” [12]. A variety of sources of support
came up, such as following a computer course via SeniorWeb,
a very important Dutch forum according to one of the
participants:

SeniorWeb is really important, but I wonder if people
take that step. [...] For me, it’s amazing to see that,
myself included, my family, brothers and sisters
encounter the same [obstacles]. [Participant 8, male,
65 years]

Further sources of support that were mentioned by our
participants were manuals, helpdesks, installers, and persons,
often including partners, friends, children, and grandchildren.

Significant Role of Children

Children and grandchildren play a significant and diverse role
in the use of technology by older people; they appeared to
function as a motive or incentive to start using technology, for
example, since technology offers the ability to communicate
more easily (and over distance). Subsequently, children help
their parents in purchasing, installing, and using technology.
The active support of children solves issues in the use of
technology on the one hand while on the other hand, it might
cause older people to maintain their lack of technology skills.
When they struggle with technology, some older people wait
for their children to solve it:

I’m not good at saving a number. My grandchildren
always come to do that. [Participant 14, female, 68
years]

Another example came from a woman who was asked to send
an email to multiple persons:

My children once said, “just put all those names
here” but I don’t have a clue of the meaning of all
this. [ [Participant 13, female, 70 years]

Theme 5: Performance Expectancy

Performance Expectancy

“Performance expectancy,” a well-known construct in
technology-acceptance theories, refers to “the degree to which
using a technology will provide benefits to consumers in
performing certain activities” [12]. Our participants mentioned
benefits in various categories: (1) leisure, for example, playing
games, reading books, and using street view; (2) increasing
communication possibilities, for example, (also mentioned
earlier) with family or nurses; and (3) aging in place, as
illustrated by the following statement:

I’m already thinking of what do I need to have? What
do I have to do, so in about 10 years...what do I need
in order to be able to live at home as long as possible?
[Participant 8, male, 65 years]
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Task-Technology Fit

Within the performance expectancy theme, a recurrent statement
was that the technology must fulfill a need. This idea is close
to the construct of “task-technology fit,” which refers to the
assumption that “performance impacts will result from
task-technology fit—that is, when a technology provides features
and support that ‘fit’ the requirements of a task” [44]. Sometimes
an event occurred in the lives of our participants that caused a
certain technology to suddenly fit their needs, as illustrated in
the following statement:

This tablet...I bought it because I like to read. And
now, my eyes have become so bad that I can’t read
books anymore [from paper]. [Participant 9, female,
72 years]

The same participant explained her motivation to purchase a
computer:

I had to do financial matters, and at that moment, I
took a computer.

Discussion

Principal Findings
In this study, 7 significant associations regarding older people’s
perception of videoconferencing were found. Older people’s
(1) intention to use videoconferencing was predicted by their
performance expectancy, effort expectancy, and perceived
privacy or security; (2) their performance expectancy was
predicted by their effort expectancy; and (3) their effort
expectancy was predicted by their self-efficacy. In other words,
whether older people intend to use videoconferencing depends
on their expectations of the usefulness of this application, their
expectations of how easy it is to use videoconferencing, and
their confidence whether their privacy and security is protected
when using videoconferencing.

Self-efficacy did not appear to be a significant predictor of older
people’s intention to use videoconferencing. However, the
multilevel regression analysis made it possible to identify
multiple associations within the path analysis and showed us
that self-efficacy significantly impacts older people’s effort
expectancy of technology, which in turn impacts older people’s
intention to use videoconferencing. Since self-efficacy and effort
expectancy can be quite comparable [45], we executed as a kind
of sensitivity analysis the path analysis without effort
expectancy, which showed a significant association between
self-efficacy and intention to use technology.

Self-efficacy and digital literacy was also identified as the most
prevalent theme during the observations in phase 2. Four
additional themes were identified that could help us understand
older people’s readiness to receive telehealth: “obstacles to
using technology,” “prior experience and frequency in use,”
“sources of support and facilitating conditions,” and
“performance expectancy.”

Two of the themes, self-efficacy and performance expectancy,
were also part of our theoretical framework and path analysis
on intention to use technology. Additionally, the construct effort
expectancy was observed within the theme “self-efficacy and
digital literacy.” The qualitative results indicate that older
people’s use of technology is associated with the themes we
found. It is interesting to test in future research whether these
themes (eg, facilitating conditions, prior experience, task
structure) are also associated with older people’s intention to
use. In our path analysis, frequency of internet use did not appear
to be a significant predictor of intention to use, but perhaps
(prior) experience with other types of technology does have a
significant association with older people’s intention to use.
Figure 3 summarizes the findings of both the constructs of the
path analysis (phase 1) and the themes and subthemes derived
from the observations (phase 2).

Figure 3. Understanding older people’s intention to and actual use of technology. A mixed-method framework of a multilevel regression path analysis
(n=256) and qualitative observations (n=15). *Significant (alpha .05) associations; unstandardized regression coefficients are shown. The letter “a”
denotes that this “Internet—actual use gap” was based on prior research.
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Integration With Prior Research
Figure 3 illustrates how the themes found in phase 2 are related
with the subthemes. On the basis of prior research, one can
argue that there are more interactions within this framework to
explore. Sponselee [46], for example, describes that family
support positively impacts users’ frequency of use.
Subsequently, the frequency of use might positively impact
older people’s self-efficacy since performance accomplishments
and successes that raise mastery expectations are seen as the
strongest methods of increasing self-efficacy [47]. Another
association that might be useful to explore in further research
is that between facilitating conditions and obstacles. During
observations, we learned that when participants had to overcome
obstacles to technology use, they reached out to various sources
of support, which differed from person to person depending on
the level of the individuals’ facilitating conditions.

Additionally, older people’s motivation to start using or purchase
technology can substantially differ, illustrated by one of our
participant who explained her motivation to purchase a
computer: “I had to do financial matters, and at that moment, I
took a computer.” This finding is in line with Peek [48] who
concludes that improving older people’s acceptance of
technology requires, among other things, an understanding of
the specific needs and circumstances of the targeted individual.
Peek [48] also emphasizes that the acceptance of technology
by older people is a dynamic process; specific events that occur
in an individual’s life can trigger the need of using technology.

Regarding the predictors we found, effort expectancy and
performance expectancy were already known from the TAM
[11] and UTAUT [12], as well as observed in other health
care-related studies [8,17] and from health care providers [49].
What this study adds to the TAM [11] and UTAUT [12] is that
older people’s intention to use videoconferencing also can be
predicted by their perceived privacy or security. Furthermore,
the multilevel regression shows that effort expectancy was
predicted by self-efficacy, and performance expectancy was
predicted by effort expectancy. Our findings concur with those
from other research studies [50] that emphasized the
shortcomings of the common TAMs with regard to obtaining
a deep understanding of older people’s readiness for using
technology. By using a mixed-method design, this study shows
(in phase 2) how some of the constructs of the path analysis
regarding older people’s intention to use videoconferencing (ie,
performance expectancy, effort expectancy, and self-efficacy)
also play a role in the day-to-day situation of older people when
they are using technology.

Contrary to the findings of prior research [51-53], “subjective
health status” in our study was not found to be a relevant theme
for older people’s technology use, neither in their intention to
use videoconferencing, as shown in Figure 2, nor during the
observations. Moreover, the performance of the path analysis
model enhanced considerably (on the basis of the AIC) after
we excluded subjective health status in Figure 3. Zimmer and
Chappell [54] drew a comparable conclusion. In their study,
older people’s self-assessed health was not significantly
associated with their receptivity to new technology. Thus,

caution is required when linking older people’s subjective health
status to their intention to use technology.

Within the theme “sources of support and facilitating
conditions,” the significant role of family members was
identified. This observation is aligned with the prior research
of Luijkx et al [55]. In this interview-study, Luijkx and
colleagues emphasized the importance of including family
members when implementing technology into the lives of older
people and described that especially grandchildren can positively
influence the acceptance of technology. Peek and colleagues
[51] added that older people sometimes are afraid to burden
their children with technology-related questions. This could
also have played a part in one of our observations, in which an
older person told us: “My children once said, ‘just put all those
names here’ but I don’t have a clue of the meaning of all this.”
When it comes to the role of family members, we observed an
ambivalent mechanism; in accordance to prior research, family
members can generate enthusiasm for using technology among
older people, but at the same time, family members can also
hamper the digital literacy of older people by taking over their
technological tasks, which foregoes the opportunity for older
people to become more skilled with using the technology.

Study Limitations and Strengths
Our sampling strategy might have been a study limitation. Since
the total number of potential respondents was not known, we
could not measure a response rate and may have thus missed
this indicator of representativeness. Only for those respondents
who were recruited via the e-panel (n=186) we could, resulting
in a response rate 9.30% (186/2000), which is low [56]. In the
Netherlands, only 5% of the community-dwelling older people
uses videoconferencing, according to a poll in 2016 [2]. Perhaps,
the lack of experience of the remaining 95% of the population
hampered their enthusiasm to participate in the survey about
videoconferencing.

The online respondents of our study represent the largest part
of our sample (72.3%). As a result, our sample was biased by
a higher percentage of internet users compared with the general
Dutch population of older people, in which 74% of the 65- to
75-year-old population and 34% of the population over 75 years
of age occasionally used the internet in 2012 [57]. In our sample,
about 94% of the 65- to 75-year-old population and 89% of the
population over 75 years of age had experience with using the
internet (at least) occasionally. Additionally, 46.5% of our
sample completed higher education, which does not reflect the
percentage of highly educated older people in Dutch society,
namely 17% in 2012 [58]. We do not know whether the
interactions we found in phase 1 would have also been found
if the distribution of our sample was less skewed toward highly
educated older people with a relatively high amount of
technology experience. The sample skewness, however, only
applies to phase 1. To observe both older people who possibly
already had more digital skills or technology experience and
those who did not, in phase 2, we carefully selected our
participants, resulting in a sample in which approximately half
of the participants did not use a computer (n=7) and the other
half did use a computer (n=8).
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We believe that our study strength lies in the triangulation of
two methods, which helped us to gain a deep understanding of
the often-used constructs in technology-acceptance models.
Moreover, we noted the added value of the observation method
(instead of interviews) to gain an understanding of technology
use. With 9 of the 15 participants, a situation occurred in which
they misjudged their digital skills; they overestimated or
underestimated their skills, and as a result, they could or could
not complete a technology task in contrast to their prior
expectations. Our method of observations was not hindered by
this form of recall bias, whereas it might have spoiled our results
if we had chosen a different method, such as interviews.

Implications for Practice or Education and Future
Research

Education or Training
Older people’s intention to use technology is directly predicted
by their effort expectancy, performance expectancy, and
perceived privacy or security. Furthermore, self-efficacy and
digital literacy appeared to play an important role in the
day-to-day use of technology by older people and increase their
effort expectancy. Therefore, we recommend addressing these
concepts in technology training for older people to be given by
nurses or other educators. We believe that in starting with
increasing older people’s self-efficacy, their effort expectancy
and intention to use will follow. In the literature, performance
accomplishments, which are successes that raise mastery
expectations, are seen as the strongest method of increasing
self-efficacy [47]. As mentioned, during our observations,
several participants discovered their ability to accomplish a
technological task contrary to their prior expectations. In
training, similar practices could be organized with the aim of
giving older people the opportunity to achieve performance
accomplishments. This practice will be the strongest intervention
to raise their self-efficacy and as a result their intention and
capacity to use technology.

The second strongest source of self-efficacy is vicarious
experience, namely seeing others accomplish difficult situations
[47]. During training, older people’s self-efficacy will most
likely increase as technological tasks are repeatedly shown to
be achievable by a variety of models. Although this modeling
strategy is less effective than personal accomplishment, it may
be suited for training purposes by letting participants observe
each other executing technological tasks.

A final thought for supporting older people in technology use
comes from our observation that some of our participants kept
very strictly to the skills that they had learned and became

nervous about trying anything outside of their skill set. One can
argue about the most appropriate way of learning: (1) providing
very specific concrete instructions focused on specific
applications or devices or (2) starting from more general
technological competencies that could perhaps be applied to a
variety of situations, applications, or devices. Hickman et al
[59] show that, if the goal is to support learning, “guided
attention training” works better for older people than “guided
action training,” in which participants are told exactly what to
do at every step. More research, similar to Hickman et al [59],
is needed to learn more about what approach may work best.

Above, we take the perspective that barriers to technology use
are a result of a lack of self-efficacy among the end users, in
this study of older people. However, the lack of self-efficacy
can also be the result of an inappropriate design of the
technology. Tsai and colleagues [60] showed that when a new
technology is easy to use, a lack of self-efficacy was not a strong
barrier for older people to use this technology. So, besides
developing adequate training programs for older people, it is
useful to think of designing appropriate technology that is easy
to use.

Future Research
To test the suggestions above, more research with regard to
older people’s technology use is required. Our overarching aim
was to place older people in a better position to benefit from
new ways of health care provision. In this study, we gained a
deep understanding of older people’s day-to-day use of
technology, which can be used as a basis for training
development. Research into older people’s beliefs regarding
their capacities in using health care technology using a
pretest-posttest setup, before and after a training, might be a
logical next step in research.

Conclusions
This study shows that older people’s intention to use
videoconferencing is directly predicted by their performance
expectancy, effort expectancy, and perceived privacy or security.
Additionally, self-efficacy significantly impacts older people’s
effort expectancy, which subsequently impacts older people’s
performance expectancy of videoconferencing. In the day-to-day
situation, older people experience all kinds of obstacles when
using digital technology. Self-efficacy and digital literacy
appeared to be the most important theme that plays a role in
their technology use and overcoming barriers. Overcoming
barriers to technology use is necessary to be able to make use
of the new ways of receiving health care involving digital
technology.
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Abstract

Background: In the treatment of depression, primary care teams have an essential role, but they are most effective when inserted
into a collaborative care model for disease management. In rural areas, the shortage of specialized mental health resources may
hamper management of depressed patients.

Objective: The aim was to test the feasibility, acceptability, and effectiveness of a remote collaborative care program for patients
with depression living in rural areas.

Methods: In a nonrandomized, open-label (blinded outcome assessor), two-arm clinical trial, physicians from 15 rural community
hospitals recruited 250 patients aged 18 to 70 years with a major depressive episode (DSM-IV criteria). Patients were assigned
to the remote collaborative care program (n=111) or to usual care (n=139). The remote collaborative care program used Web-based
shared clinical records between rural primary care teams and a specialized/centralized mental health team, telephone monitoring
of patients, and remote supervision by psychiatrists through the Web-based shared clinical records and/or telephone. Depressive
symptoms, health-related quality of life, service use, and patient satisfaction were measured 3 and 6 months after baseline
assessment.

Results: Six-month follow-up assessments were completed by 84.4% (221/250) of patients. The remote collaborative care
program achieved higher user satisfaction (odds ratio [OR] 1.94, 95% CI 1.25-3.00) and better treatment adherence rates (OR
1.81, 95% CI 1.02-3.19) at 6 months compared to usual care. There were no statically significant differences in depressive
symptoms between the remote collaborative care program and usual care. Significant differences between groups in favor of
remote collaborative care program were observed at 3 months for mental health-related quality of life (beta 3.11, 95% CI
0.19-6.02).

Conclusions: Higher rates of treatment adherence in the remote collaborative care program suggest that technology-assisted
interventions may help rural primary care teams in the management of depressive patients. Future cost-effectiveness studies are
needed.

Trial Registration: Clinicaltrials.gov NCT02200367; https://clinicaltrials.gov/ct2/show/NCT02200367 (Archived by WebCite
at http://www.webcitation.org/6xtZ7OijZ)

(J Med Internet Res 2018;20(4):e158)   doi:10.2196/jmir.8803
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Introduction

Depression is a public health problem, a disabling condition
that has devastating effects on people’s life and generates high
economic costs to society. According to the World Health
Organization, depression is the leading cause of disability
worldwide and is a major contributor to the overall global
burden of disease [1]. Epidemiological studies have
demonstrated that 5.5% of the Chilean adult population has
suffered from a depressive episode in the last week and that
major depression has a lifetime prevalence of 4.7% [2-4].
Studies focusing on primary care services in Santiago, the capital
of Chile, have reported a depression prevalence of approximately
30% [5,6].

To reduce the burden of depression in Chile, the Program of
Treatment for Depression in Primary Health Care (PTDPHC)
was introduced in the early 2000s [7]. This program was later
complemented with universal health coverage [8] and the
dissemination of clinical practice guidelines as quality standards
for primary care clinics [9].

In the PTDPHC, any primary care clinician may refer suspected
cases of depression to an on-site physician who can diagnose
and initiate treatment [7]. Severe cases are referred to specialized
mental health services, and mild to moderate cases may receive
a combination of antidepressants, psychosocial interventions,
and monitoring visits in primary care, according to severity
[7,9].

The PTDPHC was based on a randomized controlled trial in
primary care that confirmed the effectiveness and
cost-effectiveness of a stepped-care program for the management
of depression in resource-limited settings [10,11]. In this trial,
the provision of care was highly structured, team-driven, and
nonspecialized using available resources in primary care [10].

After a decade of implementation, the PTDPHC has proven to
be effective in decreasing depressive symptoms [7]. However,
diagnosis inaccuracies, non-guideline-concordant management,
and high treatment dropout rates have been identified as pitfalls
that reduce PTDPHC performance [6,7]. Moreover, for severe
cases, specialized mental health services are unevenly distributed
throughout the country [7].

Collaborative care models, which involve primary care teams
working in coordination with case managers and mental health
specialists [12], have demonstrated to be effective and
cost-effective in the treatment of depression [13], leading to
implementation efforts to promote its adoption in routine
practice [14], thereby being a feasible approach to improve
PTDPHC performance.

Although the uneven distribution of specialized mental health
services may preclude adoption of these models in rural primary
care practices, the use of information and communications
technology (ICT) allows mental health specialists to remotely
assist primary care teams in underserved locations [15]. These

technology-assisted interventions have had positive outcomes
in the treatment of depression [16].

These new applications of the collaborative care model may
help to reduce the treatment gap in countries with unequal
distribution of specialized mental health services, such as Chile
[17]. This study reports the feasibility, acceptability, and
effectiveness of a remote collaborative care program for patients
with depression living in rural areas of Chile.

Methods

Study Design
This was a nonrandomized, open-label, two-arm clinical trial
with a blinded outcome assessor. Patients in the usual care group
were recruited first; 3 months later, patients were enrolled for
the intervention.

Recruitment
This study was carried out at 15 rural community hospitals in
the Coquimbo, Bío Bío, and Los Lagos regions in Chile. These
hospitals had internet access and a PTDPHC in operation.

Patients aged 18 to 70 years, who had received a new diagnosis
of depression, were invited to participate in the study by their
primary care physicians at the rural community hospitals and
were subsequently interviewed via phone by a blinded research
psychologist to assess eligibility. Participants were eligible if
they met criteria for a current major depressive episode on the
Mini-International Neuropsychiatric Interview (MINI), and
were not being treated for depression (ie, patients were not
currently attending the PTDPHC). The MINI is a structured
psychiatric interview that allows clinicians to diagnose DSM-IV
mental disorders, and it is available in Spanish [18,19].
Additionally, the MINI was used to assess suicide risk. For
those patients with high suicide risk, their primary care physician
was informed because physicians are responsible for referral of
patients to specialized services.

Full ethical approval was granted by the Universidad de Chile
Clinical Hospital Ethics Committee and by each of the Regional
Health Services Ethics Committees. Informed consent was
obtained after the nature and possible consequences of the study
were explained.

Interventions
Before patients’ recruitment, all primary care teams working at
the participating rural community hospitals received 8 hours of
training on guideline-concordant depression care based on the
national clinical practice guidelines of the PTDPHC [9].

In accordance with the PTDPHC, the following treatment
algorithms were used: (1) patients with mild depression received
low-intensity psychosocial interventions (ie, guided self-help
or physical activity); (2) patients with moderate depression or
depression not resolving with initial treatment received selective
serotonin reuptake inhibitors as first-line pharmacologic
interventions, while gradually intensifying psychosocial
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interventions and/or pharmacotherapy for those who did not
respond; (3) patients with severe depression or who were not
responding to previous therapy were offered high-intensity
psychosocial interventions, antidepressants, and psychotherapy;
and (4) patients with treatment-resistant depression, high suicide
risk, psychosis, and/or bipolar disorder were referred to regional
specialized mental health services.

Remote Collaborative Care Program
A remote collaborative care program is a complex intervention
designed to remotely support rural primary care teams to treat
depressed patients according to current national clinical practice
guidelines for depression [9], maintaining medical decision
making within local health services. Rural primary care
teams—composed of physicians, psychologists, social workers,
midwives, and nurses—provided guideline-concordant,
face-to-face care to depressed patients according to the treatment
algorithm described in the previous section.

These rural primary care teams were contacted directly via ICT
with a centralized and specialized mental health team at the
University of Chile Clinical Hospital in Santiago, Chile’s capital
city. This mental health team—provided by the study—was
composed of six psychiatrists, who interacted with the rural
primary care teams via Web-based shared clinical records and/or
telephone. The rural primary care teams entered basic clinical
data of the locally treated depressed patients in the Web-based
shared clinical records, subsequently updating information about
their patients’progress. The information uploaded to this system
was reviewed by the mental health team once a week.

In order to complement these data, a call center was
administered by a trained nonmedical health professional
(midwife) at the university’s facilities, who called the patients
to gather information directly from them through a series of
structured telephone interviews lasting approximately 30
minutes each. During these interviews, the nonmedical health
professional monitored treatment compliance in general (ie,
missing appointments, clinical progress, and treatment
compliance and medication side effects, if prescribed). The
telephone monitoring was carried out once a week during the
first month and then every 2 weeks, and the information was
available to the rural primary care teams and the mental health
team through the Web-based shared clinical record system.

Finally, the mental health team reviewed the data gathered from
both sources, once a week, providing remote assistance to the
rural primary care teams by entering suggestions into the
Web-based shared clinical records and, in special cases, by
giving indications to rural primary care clinicians over the
telephone.

Usual Care
Rural primary care teams in the usual care group were
encouraged to follow national clinical practice guidelines of the
PTDPHC [9], thus following the same treatment algorithm
described in previously.

Outcomes Assessments
Baseline and follow-up assessments at 3 and 6 months after
baseline evaluation were carried out via telephone by a research

psychologist at Universidad de Chile Clinical Hospital in
Santiago, Chile. The research assessor was blinded to
intervention status.

Treatment adherence to antidepressants during the previous 3
months was estimated using the Simplified Medication
Adherence Questionnaire [20], and user satisfaction was
measured through a depression treatment satisfaction scale
ranging from 1=very dissatisfied to 7=very satisfied that was
dichotomized. The satisfaction scale has been used previously
by members of the research team [10].

Depressive symptoms scores were assessed using the Beck
Depression Inventory (BDI-I). The BDI-I is 21-item self-report
depression symptom scale with scores ranging from zero to 63.
A score of 10 to 19 indicates mild symptoms of depression, a
score of 20 to 29 is considered moderate depression, and 30 or
higher is considered severe depression. This instrument has
good psychometric properties for assessing depressive symptoms
[21], and has been previously used in Chile for the evaluation
of the PTDPHC [7].

Finally, health-related quality of life was recorded by the
36-item Short Form Survey (SF-36). The SF-36 is a widely used
self-report measure of generic health status, providing two
summary scores (physical and mental components) ranging
from zero to 100 (worse to best possible health status) [22]. The
SF-36 has been validated in Chile [23].

Statistical Analysis

Data Analysis
The data input into the electronic platform was extracted to be
processed using STATA version 14.0 (StataCorp, College
Station, TX, USA). Baseline characteristics were compared
between the treatment groups using the chi-square test or Fisher
exact test for categorical data and Student t test for continuous
variables. Mixed-effects logistic regression analyses were
performed to test the association between intervention and
treatment adherence or user satisfaction at each follow-up, with
age, sex, and baseline BDI-I scores as covariates and random
effects at the hospital level. The effectiveness of the intervention
on depressive symptoms and health-related quality of life was
determined using repeated-measures analyses with linear mixed
models, with time and intervention group as the independent
variables and with random effects at the patient and the hospital
level. A P value of less than .05 was considered to be
statistically significant.

Results

Recruitment and Follow-Up
A total of 409 adults were interviewed after local physicians
considered they were depressed. After the blinded baseline
interview, 159 patients were excluded because they did not meet
criteria for depression according to the MINI or were already
in treatment, and 250 patients were eligible. In all, 88.4%
(221/250) of the sample were followed up at 3 months and
84.8% (212/250) at 6 months after baseline evaluation.
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Sample Characteristics
There were no differences between groups on baseline
assessment (Table 1). The majority of the sample were female
(216/250, 86.4%), with a mean age of 41.3 (SD 12.6) years,
and 47.6% (119/250) were homemakers. The baseline BDI-I
score was mean 30.0 (SD 9.0), and 38.0% (95/250) of
participants had a high suicide risk according to the MINI.

Treatment Adherence and User Satisfaction
The remote collaborative care program patients had higher
treatment adherence rates than those in the usual care group at

3 months (73/104, 70.2% vs 73/119, 61.3%) and 6 months
(60/98, 61.2% vs 55/114, 48.2%). A higher proportion of
patients in the intervention group were “very satisfied and
satisfied” (74/99, 74.7%) than in the usual care group (66/106,
62.3%) at 3-month follow-up, a trend that was maintained at
the 6-month assessment (69/92, 75% vs 55/93, 59.1%). In the
mixed-effects analyses, reported in Table 2, significant
differences between groups in favor of the remote collaborative
care program were observed at 6 months for treatment adherence
and user satisfaction.
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Table 1. Baseline characteristics of participants according to study group.

P valueRemote collaborative
care program (n=111)

Usual care (n=139)Total (N=250)Variables

.25a99 (89.2)117 (84.2)216 (86.4)Sex (female), n (%)

.45b40.6 (1.2)41.8 (1.1)41.3 (12.6)Age, mean (SD)

.08aMarital status, n (%)

27 (24.3)30 (21.6)57 (22.8)Single

9 (8.1)19 (13.7)28 (11.2)Cohabiting

55 (49.6)49 (35.3)104 (41.6)Married

15 (13.5)33 (23.7)48 (19.2)Annulled/Divorced

5 (4.5)8 (5.8)13 (5.2)Widowed

.71bEducation, n (%)

4 (3.6)5 (3.6)9 (3.6)Illiterate

25 (22.5)35 (25.2)60 (24.0)Incomplete elementary

13 (11.7)22 (5.8)35 (14.0)Complete elementary

41 (36.9)38 (27.3)79 (31.6)Complete secondary

13 (11.7)17 (12.2)30 (12.0)Incomplete secondary

15 (13.5)22 (15.8)37 (14.8)Higher

.11cOccupation, n (%)

63 (56.8)56 (40.3)119 (47.6)Housewife

4 (3.6)6 (4.3)10 (4.0)Student

34 (30.6)62 (44.6)96 (38.4)Worker

8 (7.21)13 (9.4)21 (8.4)Unemployedd

2 (1.8)2 (1.4)4 (1.6)Retired/pensioner

.29b29.4 (8.8)30.6 (9.2)30.0 (9.0)Depressive symptoms (BDI-I)e, mean (SD)

.45a44 (39.6)62 (44.6)106 (42.4)Prior depressive episode, n (%)

.43aSuicide risk, n (%)

26 (23.4)34 (24.5)60 (24.0)None

32 (28.8)33 (23.7)65 (26.0)Low

16 (14.4)14 (10.0)30 (12.0)Moderate

37 (33.3)58 (41.7)95 (38.0)High

aChi-square test.
bStudent t test.
cFisher exact test.
dNot currently working, but seeking work.
eBDI-I: Beck Depression Inventory
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Table 2. Differences in treatment adherence and user satisfaction between the remote collaborative care program and usual care groups.

χ2
4P valueEstimated intervention effectUsual care, n/N (%)

Remote collaborative
care program, n/N (%)Variables

AOR (95% CI)bOR (95% CI)a

Treatment adherence

13.2.151.53 (0.85-2.75)1.48 (0.85-2.60)73/119 (61.3)73/104 (70.2)3 months

12.7.041.81 (1.02-3.19)1.69 (0.98-2.93)55/114 (48.2)60/98 (61.2)6 months

User satisfaction

7.0.051.83 (0.99-3.36)1.79 (0.98-3.27)66/106 (62.3)74/99 (74.7)3 months

10.6<.0011.94 (1.25-3.00)2.07 (1.11-3.88)55/93 (59.1)69/92 (75.0)6 months

aCluster-adjusted odds ratio.
bOdds ratio further adjusted by age, sex, and baseline BDI-I scores.

Table 3. Differences in depressive symptoms in the remote collaborative care program and usual care groups.

P valueBDI-Ia score, β (95% CI)Variables

Group

.30-1.36 (-3.96 to 1.23)Remote collaborative care program

Time

<.001-10.16 (-12.14 to -8.18)3 months

<.001-14.00 (-16.00 to -12.01)6 months

Group × time

.48-1.05 (-3.96 to 1.86)Remote collaborative care program × 3 months

.55-0.90 (-3.85 to 2.06)Remote collaborative care program × 6 months

aBDI-I: Beck Depression Inventory

Table 4. Differences in health-related quality of life for the remote collaborative care and usual care groups.

SF-36 Physical component summarySF-36a Mental component summaryVariables

P valueβ (95% CI)P valueβ (95% CI)

Group

.580.56 (-1.41 to 2.54).321.12 (-1.09 to 3.33)Remote collaborative care program

Time

.06–1.62 (-3.28 to 0.04)<.0017.61 (5.63 to 9.60)3 months

<.001–3.19 (-4.87 to -1.51)<.0019.49 (7.49 to 11.49)6 months

Group × time

.23–1.51 (-3.95 to 0.93).043.11 (0.19 to 6.02)Remote collaborative care program × 3 months

.810.31 (-2.17 to 2.79).610.77 (-3.73 to 2.19)Remote collaborative care program × 6 months

aSF-36: 36-item Short Form Survey

Depressive Symptoms
The intervention group had a mean decrease in BDI-I score
from 29.4 (95% CI 27.7-31.0) to 14.6 (95% CI 12.1-17.0)
compared with a decrease from 30.6 (95% CI 29.0-32.1) to 16.8
(95% CI 14.8-18.9) among the usual care group at 6 months.
In the linear mixed-effects regression models, using BDI-score
data at all time points, the remote collaborative care program
had a 1.05 point greater decrease in mean BDI-I from baseline
than the usual care group (95% CI -3.96 to 1.86, P=.48) at 3

months and a 0.90 point greater decrease from baseline at 6
months (95% CI -3.85 to 2.06, P=.55). These differences were
not statistically significant (Table 3).

Health-Related Quality of Life
In the mixed-effects analyses, reported in Table 4, significant
differences between groups in favor of remote collaborative
care program were observed at 3 months for mental health
component summary scores; however, at 6 months these
differences were not statistically significant. There were no
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clear trends over time for remote collaborative care program
regarding the physical component summary scores.

Discussion

Principal Results
The remote collaborative care program, carried out in 15
community hospitals to support rural primary care teams in the
treatment of depressed patients, was feasible and acceptable,
achieving higher user satisfaction and better treatment adherence
rates at 6 months as compared to usual care. In addition,
although depressive symptoms at follow-up did not show
significant differences between the remote collaborative care
program and usual care, a trend was observed in favor of the
intervention group. The remote collaborative care program had
a specific effect on mental health-related quality of life at 3
months that disappeared at 6 months, and no differential effect
was achieved on physical health-related quality of life at any
time point.

Strengths and Weaknesses of the Study
The remote collaborative care program was an innovative and
complex technology-assisted intervention to support rural
primary care teams located in different parts of the country in
the management of depressive patients.

The rural primary care teams had to face the challenge of
treating depression without on-site psychiatrist. Thus, remote
collaborative care program may provide timely and appropriate
treatment recommendations from online psychiatrist to the local
health providers.

Although no significant differences were observed in depressive
symptoms between the patients treated in remote collaborative
care program and usual care, patients in the remote collaborative
care program group achieved higher rates of treatment
adherence, suggesting that technology-assisted interventions,
such as the one described in this paper, can bring additional
benefits to the PTDPHC, afflicted by high rates of treatment
dropout, which may hinder its effectiveness [6].

However, results must be viewed in the context of study
limitations: it was not a randomized trial and rural primary care
teams faced major time limitations and they were not paid for
participating in the study.

Furthermore, collaborative care programs are complex because
they include several components; therefore, it is necessary to
identify the most active components of the programs in order
to prioritize them in treatment [24]. In the case of remote
collaborative care program, these components were the treatment

provided by rural primary care teams (which could include
pharmacotherapy and psychotherapy), Web-based supervision
by a centralized and specialized mental health team (via
Web-based shared clinical record system), and telephone
monitoring by a nonmedical health professional. Unfortunately,
the study design does not make it possible to determine the
contribution of each component to the results obtained.

Comparison With Prior Work
Increased clinical attention and patient engagement, along with
consultation for those patients not achieving improvement, have
all been regarded as essential components for the
implementation of effective collaborative care programs [25],
and the remote collaborative care program integrated all these
in a remote fashion with the assistance of ICT.

There is emerging evidence that some of the core elements of
collaborative care programs for depression, such as those
previously mentioned, can be delivered remotely, providing
timely access to mental health care to vulnerable or underserved
populations (eg, people living in rural areas). Studies conducted
in the United Kingdom and the United States have found that
remote collaborative care programs for depression (ie, those
complex interventions in which a component is delivered
through the use of ICT) are at least as effective as those
collaborative care programs delivered face-to-face [26].

A previous study, carried out at primary care centers in Santiago,
Chile, proved that a collaborative care program for depression,
which included a pharmacological intervention with periodical
telephone contact with lay health workers, improved depressive
symptoms and health-related quality of life [27]. Although
carried out by the same research team in the aforementioned
trial, psychiatric consultation was provided face-to-face to
physicians in urban—and more resourceful—practices.

Conclusions
Remote collaborative care programs may support rural primary
care teams that do not have the possibility to collaborate with
an on-site psychiatrist by providing an acceptable and highly
satisfactory intervention for depressed adults and timely advice
to primary care teams working in distant parts of a developing
Latin American country. Future studies must evaluate treatment
process outcomes in a more detailed manner, taking into account
the acceptability of these interventions among teams, as well
as their cost-effectiveness. Studies of this type should assess
changes in users’ symptomatology and functionality, and the
direct costs of implementing these kinds of programs and the
indirect costs, such as the variation in patient referrals from
distant areas to specialized centers.
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Abstract

Background: Qualitative studies in type 1 diabetes indicate that visibility of diabetes supplies, self-care, and hypoglycemia
symptoms are associated with stigma and suboptimal management. This may be particularly salient in youth who face concurrent
challenges such as establishing autonomy and making vocational choices.

Objective: The aim of the study was to estimate stigma prevalence in youth (aged 14-24 years) with type 1 diabetes and its
associations with glycemic control.

Methods: Participants, recruited largely through social media, were asked to complete a Web-based survey and to send via mail
capillary blood samples for glycated hemoglobin (HbA1c) measurement. The primary definition of stigma required endorsement
of one or more of 3 stigma-specific items of the Barriers to Diabetes Adherence questionnaire. These addressed avoidance of
diabetes management with friends present, difficulty telling others about diabetes diagnosis, and embarrassment in performing
diabetes care with others present. Poor glycemic control was defined as HbA1c>9% (ie, >75 mmol/mol; measured value when
available, else self-report) and/or ≥1 severe hypoglycemic episode in the previous year (reported requiring assistance from someone
else during the episode). Stigma prevalence was computed (95% CI), and associations with glycemic control were evaluated
(multivariate logistic regression models).

Results: Among the 380 respondents, stigma prevalence was 65.5% (95% CI 60.7-70.3). Stigma was associated with a 2-fold
higher odds of poor glycemic control overall (odds ratio [OR] 2.25, 95% CI 1.33-3.80; adjusted for age, sex, and type of treatment).
There were specific associations with both HbA1c>9% (75 mmol/mol; OR 3.05, 95% CI 1.36-6.86) and severe hypoglycemia in
the previous year (OR 1.86, 95% CI 1.05-3.31).

Conclusions: There is a high prevalence of stigma in youth with type 1 diabetes that is associated with both elevated HbA1c

levels and severe hypoglycemia. Targeted strategies to address stigma are needed.
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Trial Registration: ClinicalTrials.gov NCT02796248; http://clinicaltrials.gov/ct2/show/NCT02796248 (Archived by WebCite
at http://www.webcitation.org/6yisxeV0B)

(J Med Internet Res 2018;20(4):e151)   doi:10.2196/jmir.9432
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Introduction

Stigma related to chronic disease is a negative social judgment
that leads to unwarranted rejection or exclusion. It is related to
visible features of the disease or its management [1,2]. In
conceptualizing stigma, it is important to consider these features,
the sources of stigma (eg, individuals, groups, media), and the
psychological mechanisms driving stigma such as fear, blame,
or disgust [3]. Stigma is characterized by labeling, negative
stereotyping, us versus them attitudes, and loss of status or
discrimination [1]. It may be experienced or perceived, which,
in turn, may engender self-stigmatization, an internalization,
and acceptance of stigma. The harm that results may be
psychological, social, behavioral, and medical. Chronic
disease–related stigma has been studied in the context of mental
illness, HIV/AIDS, and type 2 diabetes [4-6]. It has been less
extensively studied in type 1 diabetes.

Type 1 diabetes is a chronic autoimmune disease with usual
onset in childhood and youth. It is characterized by complex
and noticeable self-management imperatives, including insulin
injection or pump use, capillary blood glucose testing, and
attention to meal timing, food choices, and physical activity
levels. It also has strong potential for symptomatic hypoglycemia
with confusion, distress, or loss of consciousness. The visibility
of the equipment, blood testing, making adjustments to therapy,
and hypoglycemic symptoms, if they occur, are the disease
features that have the potential to lead to stigma [3,7,8]. Most
studies examining stigma in type 1 diabetes have been
qualitative evaluations that provide insight into the sources (eg,
coworkers, family members, media) and characteristics (eg,
name calling, rejection) of stigma [3,8,9]. These highlight the
blame and discrimination experienced by individuals with type
1 diabetes, which may lead them to hide their condition.

Stigma may be particularly salient when combined with the
challenges of adolescence and young adulthood (ie, youth).
Many youth with diabetes struggle with self-esteem, body
image, social role definition, and peer-related issues [10]. During
adolescence, peer relationships and acceptance by friends are
essential [11]. In an effort to avoid being seen as different by
their peers, qualitative studies suggest that youth with type 1
diabetes may engage in passive coping strategies, such as
avoidance of activities and nonadherence to treatment regimens
[12-14]. These behaviors are not limited to adolescence but
continue into early adulthood, a stage in life termed emerging
adulthood, characterized by the challenges of establishing
autonomy, personal identity, and making vocational and
educational choices [15]. Emerging adults with diabetes must
contend with complex developmental tasks while also dealing
with their condition and its treatment [16]. There is a paucity

of evidence addressing the prevalence of stigma and quantifying
its consequences in youth with type 1 diabetes.

Two publications have examined stigma prevalence, one in a
mixed population of people with type 1 and type 2 diabetes, in
which 70% reported having experienced stigma [17] and a
second that included both type 1 and type 2 diabetes patients
but reported on each separately [18]. Youth were included in
this latter study, but parents rather than patients completed
questionnaires; 83% of parents believed that diabetes comes
with social stigma. Although qualitative studies suggest that
stigma is an important issue for people with type 1 diabetes,
there have been no previous large-scale studies estimating
stigma prevalence in youth through direct query, nor have
associations with glycemic control been evaluated. To address
these knowledge gaps, we conducted a cross-Canada study that
incorporated social media–based recruitment, online
questionnaires, and mailed-in capillary blood samples in youth
(adolescents and emerging adults) with type 1 diabetes.

Methods

Overview
The study design and methods, described previously
(Clinicaltrials.gov NCT02796248) [19], are briefly reviewed
here. Procedures were approved by the Institutional Review
Boards of the McGill University Health Centre, the Research
Centre of the Centre Hospitalier Universitaire Sainte-Justine,
the University of British Columbia, and the University of
Calgary. Recruitment and data collection occurred between May
4, 2016, and January 4, 2017.

Questionnaire
The questionnaire incorporated existing instruments and new
questions formulated by our team of researchers, patient
representatives, and physicians. In a pilot study, high reliability
was observed with intraclass coefficients >.95 for each scale
[19]. We queried demographic and clinical information (age at
diagnosis, insulin pump vs multiple daily injection,
hypoglycemia frequency and severity, most recent glycated
hemoglobin, HbA1c value), incorporated the Barriers to Diabetes
Adherence in Adolescence questionnaire (BDA; 21 items;
maximum score of 5) [20], and included 12 closed-ended
questions we developed (informed by Browne et al’s
diabetes-related stigma framework [3]), and open-ended
questions (free text responses).

Stigma Definition
Stigma was assessed using the BDA stigma subscale, the only
scale available to measure stigma in adolescents with type 1
diabetes. No specific cutoffs for this subscale have been
established or validated. Our aim was to determine prevalence
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rather than severity. Therefore, we defined stigma as an
affirmative response to at least one of 3 key items on the BDA
stigma subscale (score ≥2 on a 5-point Likert-type scale;
alternate thresholds were also examined, see Multimedia
Appendix 1). These (I try not to deal with my diabetes in front
of friends; I have a hard time telling people I have diabetes; I
feel embarrassed taking care of my diabetes in front of other
people) were selected a priori by our team. These 3 items assess
consequences of stigma.

Several other alternate definitions of stigma were evaluated
such as providing a personal experience of feeling judged for
having diabetes and combining a personal experience with
endorsement of at least one of the 3 key BDA stigma subscale
items.

Self-Efficacy and Well-Being
The Self-Efficacy for Diabetes Self-Management measure
(SEDM; 10 items; maximum score of 10; higher score indicates
greater self-efficacy) [21] and the World Health Organization-5
Well-Being index (WHO-5 Well-Being index; 5 items; maximum
score of 100; higher score indicates greater sense of well-being)
[22,23] were both incorporated in our questionnaire. These tools
have been validated in adolescents [21,23].

Poor Glycemic Control
Poor glycemic control was defined as an HbA1c level above 9%
(75 mmol/mol) and/or at least 1 severe hypoglycemic episode
in the last year, defined as requiring assistance from someone
else during the episode. When only one type of HbA1c measure
was available (ie, self-reported vs direct measurement), this
measure was used to classify into an HbA1c category (ie, ≤9%
vs >9%). When both types were available, the direct
measurement was used. To assess agreement between types, a
Pearson correlation was computed, and a Bland-Altman plot
was generated.

Recruitment
Adolescents (aged 14-18 years) and emerging adults (aged 19-24
years) with type 1 diabetes were eligible for this study (ie,
youth). A comprehensive prevalence survey would have
captured all youth with type 1 diabetes across Canada or used
these individuals as a sampling framework and subsampled
among them. However, there is no diabetes registry that reliably
identifies this group of individuals in Canada. We therefore
opted to partner with diabetes-related organizations to reach out
to this target population through social media. Diabetes Canada
and several smaller diabetes and patient organizations (see
Multimedia Appendix 1) partnered with us, tweeting members
about the study and publicizing it on Facebook. Some patients
were approached by their medical team (in person or by email)
and provided with the study website address. The study focus
was described as “living with type 1 diabetes.” A purposive
sample of respondents was recruited.

Data Collection
Participants registered on the secure study website and were
then emailed a link to an online consent form and questionnaire.
After survey completion, they were asked if they would agree
to provide a blood sample for HbA1c assessment. Those who

consented were mailed a kit. They received a Can $10 gift card
after survey completion and a second after mailing in a capillary
blood sample. HbA1c was measured on these samples (DTIL
Laboratories, Inc, Thomasville, GA, USA).

Survey completion time was reviewed. Our pilot study in 30
participants from patients with whom our team had direct contact
indicated a mean questionnaire completion time of 20:19 min
(SD 8:52), ranging from 9:13 to 39:41 [8]; therefore, if
participants completed the survey in <9 min and/or had little
variation in answers (eg, selecting all 1 on a 1-10 Likert scale),
we emailed a request to call us directly through a 1-800 number
so that responses could be verified. In the absence of such
verification, respondents were excluded.

Data Analysis
Means and SDs or proportions were used to report participant
characteristics, as appropriate. Stigma prevalence was calculated
with 95% CI overall, by sex, and separately among adolescents
(ie, aged 14-18 years) and emerging adults (ie, aged 19-24
years). Logistic regression models were constructed to examine
associations between stigma and poor glycemic control (primary
outcome). Variables considered for inclusion were gender, age,
diabetes duration, and insulin administration method. In an
alternate model, SEDM and well-being were also included.
Linear regression models were constructed to examine
associations of stigma with SEDM and with well-being
(secondary outcomes).

In an additional set of analyses, we computed the prevalence
of stigma using alternate definitions (see Stigma definition) and
assessed associations of these with poor glycemic control. We
also evaluated associations of our main stigma definition with
individual components of the poor glycemic control definition.

Results

Participants
Recruitment targets were achieved (384 respondents; 4 removed
because of implausible answers or time to completion) with
representation from all 10 Canadian provinces. Participants
were largely of European origin (351/380, 92.4%) and
English-speaking (315/380, 82.9%; see Table 1). Average age
was 19.5 years (SD 3.3), and 46.8% (178/380) were aged
between 14 and 18 years. In terms of gender identity, 257 were
girls or women (67.6%), 118 were boys or men (31.1%), and 5
indicated being agender or gender fluid (1.3%). With respect
to sexual orientation, the majority were heterosexual (302/380,
79.5%), 8.9% (34/380) were bisexual, 5.3% (20/380) were
homosexual, 3.4% (13/380) did not know yet, and 2.6% (10/380)
preferred not to respond.

Prevalence

The prevalence of stigma (Table 2) was 65.5% (95% CI
60.7%-70.3%) by our primary definition (ie, at least one of the
3 most stigma-relevant BDA questions). About two-thirds
described a personal experience of stigma (63.4%; 95% CI
58.6%-68.3%). The prevalence of stigma by our primary
definition was slightly higher among girls at 68.3% (95% CI
62.7%-74.0%) compared with 59.3% (95% CI 50.3%-68.3%)

J Med Internet Res 2018 | vol. 20 | iss. 4 |e151 | p.320http://www.jmir.org/2018/4/e151/
(page number not for citation purposes)

Brazeau et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


among boys. Similarly, the proportion reporting stigma by our
primary definition was slightly higher among young adults (aged
19-24 years) at 69.3% (95% CI 62.9%-75.7%) than among
adolescents at 61.2% (95% CI 54.1%-68.5%).

Glycemic Control
An HbA1c value was available for 312 out of 380 participants
(82.1%). This included 112 with both mailed-in capillary blood
samples for direct measurement and self-reported recent HbA1c,
26 with the mailed-in sample only, and 174 with the
self-reported HbA1c only. Among those with both direct and

reported HbA1c measures (n=112), moderate agreement was
observed (r=.41, 95% CI 0.25-0.56; Bland-Altman plot; see
Multimedia Appendix 1). By our primary definition, poor
glycemic control was observed in 36.9% (95% CI 31.5%-42.2%)
of the 312 participants for whom HbA1c was available; among
these individuals, 17 out of 312 (5.4%) participants had both
an HbA1c>9% and at least one severe hypoglycemia in the past
year, 64 out of 312 had experienced severe hypoglycemia
without HbA1c>9% (20.5%, 95% CI 16.0%-25.0%), and 34 out
of 312 had an HbA1c>9% (10.9%, 95% CI 7.4%-14.4%) without
severe hypoglycemia.

Table 1. Respondent characteristics.

Young adultsbAdolescentsaAllCharacteristics

202178380Number of respondents

Gender, n (%)

44 (21.8)74 (41.6)118 (31.1)Male

156 (77.2)101 (56.7)257 (67.6)Female

2 (1.0)3 (1.7)5 (1.3)Other

22.2 (1.7)16.3 (1.3)19.5 (3.3)Age, years, mean (SD)

11.3 (5.8)8.3 (4.2)9.9 (5.3)Age at diagnosis, in years, mean (SD)

10.9 (5.8)8.1 (4.5)9.6 (5.4)Diabetes duration, in years, mean (SD)

116 (57.4)155 (87.1)271 (71.5)Currently in school, n (%)

97 (48.0)167 (93.8)264 (69.5)Living with parents, n (%)

118 (58.4)102 (57.3)220 (57.9)Insulin pump, n (%)

7.8 (1.9)7.9 (1.4)7.8 (1.7)HbA1c
c, mean (SD)

3.0 (2.0)3.5 (2.5)3.2 (2.3)Self-reported hypoglycemic episodes per week, mean (SD)

58 (28.7)48 (27.0)106 (27.9)Having experienced severe hypoglycemia in the last year, n (%)

a14-18 years.
b19-24 years.
cHbA1c was available for 312 participants.

Table 2. Prevalence of stigma with 95% CIs. BDA: Barriers to Diabetes Adherence in Adolescence questionnaire

Prevalence (95% CI)Definition

Young adultsAdolescentsBoysaGirlsaAll

Primary definition

69.3% (62.9-75.7)61.2% (54.0-68.5)59.3% (50.3-68.3)68.6% (62.9-74.3)65.5% (60.7-70.3)Endorsed ≥1 of the 3 most relevant

itemsb of the BDA stigma subscale

Other definitions

73.8% (67.6-79.9)51.7% (44.3-59.1)47.5% (38.3-56.6)70.5% (64.9-76.1)63.4% (58.6-68.3)Provided an example

54.0% (47.0-60.9)39.3% (32.1-46.6)38.1% (29.2-47.0)51.2% (45.1-57.2)47.1% (42.1-52.2)Endorsed ≥1 of the 3 most relevant

itemsb of the BDA stigma subscale
and provided an example

aAccording to their sex at birth.
bI try not to deal with my diabetes in front of friends. I have a hard time telling people I have diabetes. I feel embarrassed taking care of my diabetes in
front of other people.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e151 | p.321http://www.jmir.org/2018/4/e151/
(page number not for citation purposes)

Brazeau et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Associations of Stigma With Poor Glycemic Control
Among participants fulfilling our primary definition of stigma,
the odds of poor glycemic control were more than twice as high
as in the remaining respondents in both unadjusted (odds ratio
[OR] 2.32, 95% CI 1.39-3.89) and adjusted models (OR 2.25,
95% CI 1.33-3.80; adjusted for age, sex, and type of treatment).
The odds of HbA1c>9% (>75 mmol/mol) was 3-fold greater
(OR 3.05, 95% CI 1.36-6.86), and the odds of severe
hypoglycemic episode in the past year was nearly 2-fold greater
(OR 1.86, 95% CI 1.05-3.31) in those with versus without
stigma (adjusted models; Table 3). Alternate stigma definitions
demonstrated an approximately 2-fold higher odds of poor
glycemic control.

In the alternate model including self-efficacy and well-being as
independent variables, OR for poor glycemic control with versus
without stigma was 1.82 (95% CI 1.06-3.13). A 1-point increase
in the self-efficacy score (10-point scale) was associated with
a 20% lower risk for poor glycemic control (OR 0.8, 95% CI

0.6-0.9); on average, the scores were 6.5 (SD 1.7) with stigma
and 7.6 (SD 1.6) without using the primary stigma definition
(see Multimedia Appendix 1). There was no association between
well-being and poor glycemic control (OR 1.0, 95% CI
0.98-1.01).

Associations of Stigma (by the Primary Definition)
With Perceived Well-Being and Self-Efficacy for
Diabetes Self-Management
In an adjusted linear regression model (age, sex, type of
treatment; Table 4), having stigma (by the primary definition)
was associated with a 7.5-point lower score (95% CI −11.8 to
−3.3) on the Well-Being index (range 0-100). The threshold for
a clinically relevant change is considered to be 10 points [24].

In a separate model, having stigma was associated with a 0.9
(95% CI −1.3 to −0.6) lower SEDM scale score (range 1-10),
which corresponds to an approximately 0.5 SD lower score
(Table 5).

Table 3. Association between stigma and glycemic control, odds ratios with 95% CI. BDA: Barriers to Diabetes Adherence in Adolescence questionnaire;
OR: odds ratio.

Poor glycemic control overall, OR
(95% CI)

Self-reported ≥1 severe hypo-
glycemia in the previous year, OR
(95% CI)

Glycated hemoglobin, HbA1c>9%
(75 mmol/mol), OR (95% CI)

Stigma definition

MultivariateaUnivariateMultivariateaUnivariateMultivariateaUnivariate

2.25 (1.33-3.80)2.32 (1.39-3.89)1.86 (1.05-3.31)1.76 (1.00-3.09)3.05 (1.36-6.86)3.39 (1.53-7.51)A: BDA 3 most relevant (at least one
of the 3 items)

2.03 (1.27-3.27)2.02 (1.27-3.23)1.74 (1.04-2.91)1.67 (1.00-2.77)2.62 (1.39-4.94)2.58 (1.39-4.77)Item 1: I try not to deal with my dia-
betes in front of friends

1.48 (0.92-2.38)1.56 (0.98-2.48)1.77 (1.05-3.00)1.64 (0.99-2.73)1.11 (0.59-2.07)1.32 (0.72-2.41)Item 2: I have a hard time telling peo-
ple that I have diabetes

1.54 (0.96-2.49)1.62 (1.02-2.58)1.63 (0.96-2.76)1.52 (0.91-2.54)2.03 (1.04-3.93)2.34 (1.24-4.44)Item 3: I feel embarrassed taking care
of my diabetes in front of other people

1.58 (0.94-2.65)1.62 (0.99-2.68)1.38 (0.78-2.43)1.26 (0.73-2.16)2.18 (1.03-4.65)2.47 (1.18-5.14)B: Personal experience (open-ended
question)

2.02 (1.25-3.26)2.06 (1.29-3.29)1.79 (1.06-3.03)1.66 (0.99-2.77)2.44 (1.27-4.72)2.69 (1.42-5.11)A and B: (BDA stigma 3 most relevant
+ personal experience)

aMultivariate: age, sex at birth, type of treatment (multiple daily injection or insulin pump).

Table 4. Linear regression model evaluating association between stigma and well-being, adjusted for age, sex, and use of insulin pump.

Change in well-being score (95% CI)Variables

−7.5 (−11.80 to -3.26)Stigma presence (primary definition)

3.7 (−0.39 to 7.80)Treatment (insulin pump)

−0.28 (−0.90 to 0.35)Age

−3.2 (−7.68 to 1.28)Sex (female)

Table 5. Linear regression model evaluating association between stigma and self-efficacy, adjusted for age, sex, and use of insulin pump.

Change in self-efficacy score (95% CI for B)Variables

−0.90 (−1.25 to −0.55)Stigma presence (primary definition)

0.42 (0.09 to 0.76)Treatment (insulin pump)

−0.08 (−0.13 to −0.03)Age

−0.61 (−0.97 to −0.24)Sex (female)
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Discussion

Principal Findings
Among 380 youth with type 1 diabetes recruited through social
media from across Canada, the prevalence of some degree of
stigma was approximately 65% (ie, endorsement of at least one
of 3 key items on the BDA stigma subscale). Youth with some
degree of stigma were more likely to have poor glycemic
control. They were twice as likely to have either an HbA1c above
9% or one or more hypoglycemic events in the prior year. When
these components of poor glycemic control were considered
separately, youth with stigma were 3 times as likely to have an
HbA1c above 9%, and they were twice as likely to have had a
hypoglycemic event in the prior year. Stigma was also associated
with a lower sense of well-being and less self-efficacy for
diabetes management. Our findings are a call to action to
develop, test, and implement strategies to address stigma in
youth with type 1 diabetes.

Previous qualitative studies of stigma in type 1 diabetes
[3,8,25,26] provide important insights into the roots and
experiences of stigma, but cannot capture the prevalence of the
problem, in contrast to our study. To recruit the participants,
we opted to partner with diabetes-related organizations to reach
them through social media. In 2015, 100% of Canadian young
adults had internet access [27]. Over 80% of Canadian youth
report daily use of social networking sites [28]. The use of social
media combined with an online questionnaire allowed us to
meet recruitment targets at relatively low cost and to attract
respondents throughout Canada, a country with an area of 10
million km². Our success with this approach is consistent with
the findings from a systematic review evaluating social
media–based recruitment of youth into health research studies
[29]. However, there is a possibility that such a recruitment
approach may also attract fictitious respondents or responses.
To mitigate this possibility, study promotion occurred only
through diabetes-specific organizations and incentives were not
publicized. Furthermore, we examined all responses in terms
of time to completion and variability in responses; the responses
of 4 individuals appeared suspect in this regard and were
excluded. We offered a response incentive to encourage survey
completion, apparent when the survey was started. A
meta-analysis reported that participants who start a survey are
more likely to finish it (OR 1.27, 95% CI 1.12-1.44) if an
incentive is offered [30].

The BDA questionnaire was specifically designed for
adolescents and addresses consequences of stigma through one
of its subscales [20]. For our main stigma definition, we made
an a priori decision to use endorsement of one or more of the 3
BDA items that appeared to most directly query stigma. We
also tested several alternative definitions, and the prevalence
of stigma was consistently in the order of 60%. Almost half of
respondents (47%) were captured by all definitions. We opted
not to include the other 3 items of the BDA stigma subscale as
we considered these to be reflective more of personal difficulties
or challenges with diabetes management rather than necessarily
being stigma-related. For example, “Restaurants are challenging
for me” could be a consequence of not knowing the carbohydrate

content of the different dishes offered. Other items were “Parties
and social gatherings get in the way of taking care of my
diabetes and I need to find a private place to take care of my
diabetes.”

The two-thirds of participants whom we estimate to have some
degree of stigma is similar to the proportion reported in a Swiss
study, largely among adults (median age 67 years, ranging from
16 to 96 years) with type 1 or type 2 diabetes. Their definition
was having been discriminated against because of their health
condition [17]. Their estimate rose to 85% when stigma was
defined as perceiving at least one stereotypical attribution [17].
In an adult population with type 1 diabetes, 74% of the
respondents believed that diabetes comes with social stigma
[18]. We observed a slightly higher prevalence of stigma,
according to the primary definition, among young adults than
among adolescents (69% vs 61%). The transition from pediatric
to adult care occurs concurrently with the increase in stigma
prevalence. Addressing stigma before or during this transition
may be a means of countering the deterioration in glycemic
control that typically occurs at this time.

Stigma was observed in a higher proportion of girls than boys
(69% vs 59% by the primary definition). It has been reported
that girls with type 1 diabetes feel more embarrassed by their
disease [26] and have more diabetes-related distress [31] and
higher rates of diabetes-related acute complications [32] and
hospitalizations [33]. In contrast to prior studies, we queried
not only biological sex but also gender identity; however, the
low number of participants who considered themselves to be
neither a boy nor a girl did not allow specifically estimation of
stigma prevalence in this subgroup of individuals. In terms of
sexual orientation, 20% of participants reported being
homosexual, bisexual, or did not know yet; there were too few
individuals in each category to draw conclusions on the impact
of sexual orientation on stigma prevalence or associations with
glycemic control. Examination of stigma prevalence and impact
in these subpopulations of individuals with type 1 diabetes
deserves dedicated study given that “being different” in terms
of gender identity or sexual orientation may compound the
experience of diabetes-related stigma [34]. In terms of
ethnocultural representation, the sample was preponderantly of
European origin but that is consistent with the epidemiology of
type 1 diabetes [35], in contrast to type 2 diabetes. Studies on
prevalence of stigma have addressed this issue mainly in (>90%)
individuals of European origin [17,18]. Specific studies in
individuals from other ethnic backgrounds are needed.

We evaluated the associations between stigma and glycemic
control in youth. Importantly, our definition for poor control
combined a high HbA1c with severe hypoglycemia, defined as
having at least one episode requiring assistance from someone
else in the past year. Higher HbA1c levels are associated with
greater risk for diabetes-related complications, with the merits
of “tight” control demonstrated in the Diabetes Control and
Complications Trial [36]. However, lower HbA1c levels cannot
be traded off for increased risk of severe hypoglycemia, with
its attendant risk of death, loss of consciousness, and other injury
[37,38]. Navigating the space between hypoglycemia and
hyperglycemia is particularly difficult in type 1 diabetes, in
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contrast to type 2 diabetes. We determined that stigma was
associated with a 2.3-fold higher odds of poor glycemic control,
defined as having an HbA1c over 9% (75 mmol/mol) and/or
having experienced a severe hypoglycemic episode in the
previous year. Importantly, stigma was conclusively associated
not only with this composite measure of poor control but also
with its individual components. These associations were robust
across various definitions of stigma evaluated (Table 3). Our
study is the first to demonstrate a clear association between
stigma and both hyperglycemia and hypoglycemia in youth with
type 1 diabetes.

We demonstrated a negative association with SEDM, as captured
by the SEDM measure. This is consistent with qualitative studies
that have reported that patients neglect diabetes care to avoid
stigma. For example, in public places, people will skip blood
glucose testing or will delay insulin injections [12,39]. In our
sample, stigma was associated with lower scores for every item
on the self-efficacy scale used. Our survey did not directly
capture self-care behavior, but lower self-efficacy has been
shown to be associated with poorer diabetes self-management
[40]. Indeed, in the logistic regression model evaluating SEDM
alongside stigma in terms of associations with glycemic control,
lower self-efficacy was associated with poor glycemic control.

It is important to emphasize that the importance of addressing
stigma lies not only in optimizing glycemic control but also in
enhancing overall well-being. Indeed, in people with diabetes,
emotional well-being may be compromised by the burden of
living with diabetes [41]. In this study, respondents with stigma
reported a lower sense of well-being. In the Swiss study of
adults with type 1 or type 2 diabetes previously discussed,
respondents with stigma also reported higher levels of
psychological distress [17]. Our identification of high stigma
prevalence and a low sense of overall well-being in youth with

type 1 diabetes is clearly important; addressing stigma may be
one avenue to emotionally support youth with type 1 diabetes.

Limitations
Our study has some limitations. Given its cross-sectional nature,
causality cannot be proven. Indeed, it is likely that there is a
bidirectional effect of stigma and glycemic control such that
stigma adversely affects glycemic control, and poor control
contributes to stigma (eg, hypoglycemic episodes witnessed by
others, high HbA1c levels known to health care providers and
family). We were able to estimate the prevalence of stigma in
a large sample, but we cannot be certain that this sample is
representative of all youth with type 1 diabetes. Those with
stigma may have been more likely to participate. In comparison
to prior studies, we queried gender identity and sexual
orientation, but these subgroups of individuals were too small
to study specifically. Not all participants provided a mailed-in
capillary blood sample; however, there was a reasonable
correlation between measured and reported HbA1c in those who
provided both. Some respondents may have provided fictitious
answers; however, we endeavored to mitigate this through
various approaches previously described.

Conclusions
Despite some limitations, our study provides important findings.
Stigma is prevalent in youth with type 1 diabetes and is
associated with lower diabetes-related self-management
self-efficacy, high HbA1c levels, severe hypoglycemia, and
diminished sense of well-being. Our findings indicate that stigma
can be captured through a few simple questions. These results
should stimulate clinicians, friends, and family members to ask
about stigma and work toward addressing it to help youth with
type 1 diabetes avoid diabetes-related complications and lead
happier and safer lives.
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Abstract

Background: A growing body of evidence suggests a concerning lag between collection of patient experience data and its
application in service improvement. This study aims to identify what health care staff perceive to be the barriers and facilitators
to using patient-reported feedback and showcase successful examples of doing so.

Objective: This study aimed to apply a systems perspective to suggest policy improvements that could support efforts to use
data on the frontlines.

Methods: Qualitative interviews were conducted in eight National Health Service provider locations in the United Kingdom,
which were selected based on National Inpatient Survey scores. Eighteen patient-experience leads were interviewed about using
patient-reported feedback with relevant staff. Interviews were transcribed and underwent thematic analysis. Staff-identified
barriers and facilitators to using patient experience feedback were obtained.

Results: The most frequently cited barriers to using patient reported feedback pertained to interpreting results, understanding
survey methodology, presentation of data in both national Care Quality Commission and contractor reports, inability to link data
to other sources, and organizational structure. In terms of a wish list for improved practice, staff desired more intuitive survey
methodologies, the ability to link patient experience data to other sources, and more examples of best practice in patient experience
improvement. Three organizations also provided examples of how they successfully used feedback to improve care.

Conclusions: Staff feedback provides a roadmap for policy makers to reconsider how data is collected and whether or not the
national regulations on surveys and patient experience data are meeting the quality improvement needs of local organizations.

(J Med Internet Res 2018;20(4):e141)   doi:10.2196/jmir.8806

KEYWORDS

patient experience; surveys; patient data

Introduction

National Patient Feedback Surveys
Involving patients in their care has become a key feature of
health care improvement policies across countries and health
systems [1]. The value of patient experience has been recognized
not only in terms of its centrality to respectful and conscientious
care, but also its relationship to better clinical outcomes and

pathway adherence [2]. Feedback on experience is now collected
as a norm and regarded as a fundamental quality measure [3,4].
In the United Kingdom, the National Patient Survey Program
(NPSP) was established in 2002 to systematically solicit
feedback from patients across many different care settings at
nearly all National Health Service (NHS) organizations on a
range of experience metrics [5]. As is the case in many other
countries’ systems, the NPSP surveys are only one piece of the
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feedback puzzle that providers can use for quality improvement.
Staff must interpret and integrate feedback from a multitude of
sources such as bespoke surveys, online platforms, social media
outlets, audits, complaints, and, in the case of the NHS, the
Friends and Family Test (FFT) [6,7].

The activity around patient-reported feedback is impressive,
and in many ways indicates an actual shift towards a
patient-centric paradigm of care. Policy documents have
endorsed the use of patient-reported feedback and articulated
its benefit across the health sector [8]. However, harnessing this
feedback for improvement is still challenging; growing evidence
suggests that feedback is still not used to drive improvement
[6,9-14]. In the United Kingdom for example, improvements
on patient experience metrics have mostly come in response to
large-scale national campaigns, with only modest improvements
and some declines witnessed in other areas [15]. The gap
between feedback collection and use not only represents a costly
misuse of resources, as national surveys cost upwards of a
£640,000 per survey per year, but it also raises ethical concerns
around not acting on critical patient information [16,17].

The value of data for organizational quality improvement is not
commensurate to the volume of data the system supplies. This
misalignment is a symptom of the tension between national
agendas and local needs. It is, in many ways, the consequence
of national survey programs being set up to satisfy a national
agenda rather than being designed with respect to local
circumstances.

The System
The underuse of data, and the substantial investment in it, calls
into question the system around collecting, analyzing, and
reporting patient experience feedback. The paramount actors
in the system should arguably be the patients who report their
experience and providers who use feedback for quality
improvement. However, most of the decisions about how
national patient experience feedback collections operate are
made by a host of other actors.

In the NHS, the independent health care regulator known as the
Care Quality Commission (CQC) is responsible for the content
and roll-out of NPSP surveys. In addition, the Patient Survey
Coordination Centre, housed within Picker Institute Europe,
develops and deploys the surveys on behalf of the CQC. These
two groups determine the questions included on surveys based
on existing patient experience frameworks, with a focus on
maintaining the ability to compare questions to those included
on previous survey iterations [18]. Patients are consulted during
the development and redevelopment of all NPSPs, but rarely
invited to suggest entirely new concepts for the survey [19].

Regarding another nationally mandated feedback source, FFT,
the system (namely NHS England and local commissioners)
does allow for flexibility in questions, but it is more concerned
with the volume of data the FFT can accumulate rather than the
methodology by which it is collected. Organizations therefore
have an incentive to boost response rates rather than include
meaningful questions or make use of the data. The volume of
data and its readily available nature should be a strength for
most providers, especially when providers accompany their

FFT collection with other rich free-text questions. However,
this feedback has also become underutilized due to the existing
necessity for most providers to sort through data manually or
pay for external analysts. The real time vehicle has tremendous
merit as an idea, but the system’s execution of it hinders
meaningful use.

External bodies also determine sampling procedures in both the
NPSP and FFT. In the NPSP, NHS providers can conduct the
survey either “in house” or with an approved contractor. Both
operations involve sampling based on a 24-page sampling
document provided by the Coordination Centre. When a survey
is administered “in house,” organizations complete all required
tasks independently, which includes tasks such as the Disclosure
and Barring Service checking each sampled patient to make
sure they fit the criteria (ie, ensuring the patient is still alive),
printing surveys, posting them, inputting data, and sending it
to the Coordination Centre on time [20]. The sample for the
National Inpatient Survey, the largest of the NPSP, has only
recently moved from 850 to 1250; still a very low proportion
of some hospitals’ inpatients, but a much larger proportion of
others. Nonetheless, sampling is administratively burdensome
[20]. For this reason, the CQC maintains a list of approved
survey contractors (another key player in the system) who can
do this work for providers. Providers purchase a survey package
from contractors determining the extent of analyses and data
presentation to which the provider is entitled. Not all contractors
provide the same service, offer the same analysis, or engage
with providers on an equal basis.

The complexity of the system pertaining to patient experience
feedback is not unique to the NHS, and it is important to note
that the number of actors involved does not discredit the
information that patients relay in their feedback. Rather, this
complex system presents considerations that providers in all
health systems need to account for when interpreting data; It
raises questions around how the national system of patient
feedback can supply local providers with better data that could
be more meaningfully translated into quality improvement
information.

Staff Perceptions
A King’s Fund report explained that gleaning information from
experience data requires the same analytical capability as
interpreting clinical data; however, that capability is often
unavailable [21]. Staff across health systems consider patient
feedback to be valuable but have neither the time nor the
expertise to use it [22]. Evidence from the field of Patient
Reported Outcome Measures suggests a similar pattern: data
goes unused when staff cannot make sense of the data or do not
fully understand how it was collected [14].

In 2007 work was conducted to understand staff attitudes
towards the NPSP and their ability to use its data in the NHS.
Findings from this work explicitly revealed staff’s concerns
around using aggregate, organizational-level data to engage
clinicians within specialties, and their difficulty navigating the
statistical underpinnings of results [23]. Furthermore, this work
put forth staff-driven recommendations for improvement, such
as increased resources and organizational prioritization for
patient experience. A full decade later, the lag in data use still
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exists. Many organizations have made well-defined attempts to
use patient experience feedback, especially from national
surveys, but have found their efforts thwarted by a series of
barriers [17].

Underuse of data is unacceptable from a quality assurance
perspective, as the requirement to perform analyses without
proper resources risks key details being missed. It is frustrating
from clinical and operational perspectives, as time and money
are being invested with little return of insights to improve care.
Even the National NHS Staff Survey demonstrated that only
20% of staff strongly agree that their organization acts on
patients’ concerns [20]. It is demoralizing and dangerous from
a patient perspective, as their input is going unheard and
problems are persisting for others. Ultimately, it is ethically
questionable, as patients have provided sensitive information
but their feedback fails to drive change.

These concerns further expose the tensions between the data
produced by the national system and the local needs within
organizations. These factors compel inquiry into how data can
be more usefully supplied to organizations so that it can serve
as meaningful business intelligence for service improvement.
It is crucial to understand how the national systems for patient
feedback affect the use of data and how they can change to
better support translation of feedback into insights for quality
improvement.

Aims and Objectives
Using the NHS as a case study, the aim of this research was to
determine how the national system related to patient surveys
can be improved so that it supports the local needs of
organizations in their endeavors to use patient experience
feedback. The first objective is to identify a diverse range of
health care professionals responsible for using patient experience
feedback and interview them about their experiences using
patient experience feedback, the barriers that still prohibit using
feedback for improvement, and their ideas for improving the
system. The final objective is to identify and showcase
successful attempts to overcome barriers and use patient
experience feedback for improvement.

Methods

Case Study Selection
This study used a qualitative case study design to gather input
from a range of organizations. Organizations were selected
based on 12 metrics within the National Inpatient Survey, as it
is currently the largest and most robust source of patient
experience feedback in the NHS. Three organizations were
selected based on demonstrated improvements on the 12 key
National Inpatient scores between 2010 and 2014 (the most
recent data at the time of sampling), while three others were
selected based on demonstrated declines on the 12 key scores

during the same time. These were then referred to as the
“increased” group and “decreased” group, respectively. A final
three organizations whose scores remained consistent for the
same years were also selected. Organizations then put forward
relevant staff for interview.

The 12 National Inpatient Survey questions were identified as
most important to patients through principle component
analyses. These 12 were also deemed by the Picker Institute
Europe to be good indicators of whether or not organizations
exhibited meaningful shifts in experience (Textbox 1). It is
important to note that the sampling strategy did not account for
the baseline from which those scores changed; this ensured that
any organization demonstrating improvement could be included
regardless of initial high or low experience scores.

Organizations that demonstrated a significant increase or
decrease on any of these questions were recorded. A list was
then compiled of all the organizations that were recorded to see
which three providers had the most increases and decreases.
Another group of organizations was also identified that remained
the most constant. With regard to the organizations with
consistent scores, selection consideration was given for size (to
have a range of small, medium, and large acute organizations)
and geography (to have a distribution of rural, urban, southern,
and northern acute organizations) in order to maintain a degree
of diversity, as there were many organizations that demonstrated
no changes on the 12 questions. Selected organizations were
contacted, and 8 of the 9 that were sampled agreed to participate;
the only one to not take part was one of the consistent
organizations.

Interviews
Face-to-face, semi-structured interviews were conducted with
as many staff as each organization elected to put forward. This
was typically 1-3 staff per organization, and their most common
job titles were Patient Experience Lead, Patient Experience
Administrator, or Director/Deputy Director of Nursing. In total,
18 staff members were interviewed: seven from the increased
scores group, seven from the decreased scores group, and four
from the consistent group.

The topic guide covered questions such as staff responsibilities
for using the patient-reported feedback, preferences for using
it, current likes and dislikes regarding survey programs, and
changes they would like to see made to it. Respondents were
specifically asked about what changes they would like to see
made to the system regarding patient experience feedback to
facilitate better data use. Organizations in the increased scores
group were asked to share their strategies for using patient
reported feedback as a vehicle for shared learning. Staff from
the increased scores group also submitted organizational
information about how they had used patient-reported feedback
in action planning and improvement.
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Textbox 1. Questions used for grouping and sampling organizations.

Do you feel you got enough emotional support from hospital staff during your stay?

When you had important questions to ask a doctor, did you get the answers that you could understand?

Overall did you feel you were treated with respect and dignity while you were in the hospital?

Do you think the hospital staff did everything they could to control your pain?

Did you have confidence and trust in the doctors treating you?

Did you find someone on the hospital staff to talk to about your worries and fears?

Did a member of staff tell you about medication side effects to watch for when you went home?

Were you involved as much as you wanted to be in decisions about your care and treatment?

In your opinion, how clean was the hospital room or ward you were in?

Did doctors talk in front of you as if you weren't there?

In your opinion were there enough nurses on duty to care for you in hospital?

Sometimes in a hospital, a member of staff will say one thing and another will say something quite different. Did this happen to you?

Thematic Analysis
Interviews were recorded and transcribed if the participants
gave explicit permission in their consent form. Two interviewees
consented to an interview but declined to be recorded. In these
two cases, notes were taken by a team member and used in place
of a full transcript.

Transcripts were then uploaded into the qualitative analysis
software NVivo (QRS International Pty Ltd). A thematic
analysis was conducted to demarcate different themes or topics
within the transcripts. This study used thematic analysis to
identify information relevant to the experience of using patient
experience survey data to generate improvements.

The codes were developed a priori for the most part, as they
were taken from the background literature regarding possible
barriers and facilitators to data use. Some codes were identified
a posteriori as they occurred unexpectedly but were important
to answering the research question. Specifically, the coding
looked for mention of themes relevant to answering the research
question and then subthemes mentioned in relation to the
primary themes. Sentiment was coded to capture how
respondents felt about any particular theme, particularly whether
staff referenced subthemes negatively (as a barrier to data use),
positively (as a facilitator to data use), or as a desire for change
in patient survey data (staff wish list).

Results

Key Themes
Four primary themes were identified with a range of subthemes
relating to each of them. The subthemes were expressed with
different sentiments, which fell into three distinct categories:
negative (barriers to using data), positive (facilitators to using
data), and desire for change (staff wish list). The themes,
subthemes, and sentiments are mapped below.

While staff were specifically probed about their ability to use
NPSP data, transcripts of the conversations naturally exposed
the types of data staff found most useful. Transcripts also
revealed the variation in sentiments towards themes and

subthemes. For example, staff would reference a particular
theme (ie, survey data) and subtheme (ie, the inability to link
data) as a barrier, and then that same subtheme (ie, the ability
to link data) as a facilitator. The sentiment behind each theme
was coded to categories’ subthemes. The four primary themes
identified in interview transcripts related to survey
methodologies, survey reports, survey data and organization,
and staff factors that impact the ability to use patient experience
data.

Survey Methodologies
While discussing how they used patient experience survey data,
one of the most common topics that staff mentioned was the
survey methodology used in NPSP surveys. It was clear from
staff that difficulty interpreting results, and lack of clarity around
the reasons for certain methods, created barriers to using the
data. Staff were concerned that the methods not only led to
confusing results but were also inappropriate given the size of
their organizations, as illustrated by two quotations below. Staff
mentioned that in order to facilitate data use, methods should
be more intuitive to staff who do not have survey training and
should also include the scope for larger sample sizes. Some
staff also expressed a desire for more real-time and qualitative
methods to accompany NPSP results.

The other problem with the national survey is the way
that they actually design it; the CQC part of it makes
it really difficult.

So in a Trust that sees 1.6 million patients a year,
although the majority are out-patients, 850 is a tiny
sample. I know it’s increased this year but it’s still
quite small

[The free text is] so much better because what it does
is it elicits the things which matter to people, not what
we think matter to them.

Survey Reports
The second primary theme related to survey reports and how
data is presented back to staff. In terms of data from the NPSP
surveys, reports from the CQC and survey contractors are the
principle source of patient survey data provided to NHS
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organizations. Staff felt that these reports often caused
confusion. Despite many staff referencing these reports as
barriers, other staff members gave examples of contractor reports
facilitating the use of feedback. This finding related mostly to
contractors’ ability to provide a report with more personalized
information for each organization than that available in CQC
reports. Staff also cited contractors’ reports being accompanied
by workshops to explain the results. In terms of how staff
discussed this themes in relation to their wish list of changes,
the main desire expressed was for enhanced opportunity to share
success stories, rather than simply receiving benchmarking
tables.

So we got amber on every single question. Every
single question we got the same as everybody else
which just happens to be the same score that
Morecombe Bay got who are in special measures...

So both having those stories and the information but
also make the workshops not just around the outcome
and the talks but actually the best practice workshops,
maybe on a regular basis, so someone from Newcastle
getting up and presenting to all the other Trusts who
want to be there about discharge, next it will be
Birmingham about food or whatever it might be but
Picker being almost a coordinating body for that
because that’s the vehicle with which it’s been done.
Something like that would be good.

Survey Data
The third primary theme identified related to the actual survey
data that staff received from NPSP surveys. Most of the
conversation about this topic related to the ability to link data
to other quality indicators. Staff found NPSP data difficult to
work with because it could not be compared at a granular level
to other data sources and left them with an inexact picture of
how patient experience data fits in with other organizational
data. Another prominent subtheme revolved around the inability
to glean which NPSP data points matter most to patients. Staff
expressed an interest in more explanation of the data, support
to analyze it, and better indication of what was most important
from a patient perspective.

This could be related to any survey, but the idea of
linking results at the patient level would help the
patient know they were listened to see feedback on
incident reporting to support the need for response
to feedback.

What I would want is that to be linked in with
complaints, so I’d love to have some kind of
dashboardy thing that pulls all that stuff together.

In terms of understanding the data, I think when they
come and do workshops with us or present the data
we need—that’s very helpful but I need—we need
them, in there, telling the story of how they collected
the data and how it’s reliable.

For example, the question about the call button may
mean different things to different patients, and they
need to know what to improve.

Organization and Staff Factors
The final theme identified related to the factors outside of survey
programs that impacted how staff could use NPSP data. The
subthemes related to aspects of organizational structure, the
extent of training staff had in using survey data, and the priority
given to patient experience within organizations. Some staff
members mentioned that there was sometimes lack of clarity
about whose responsibility it was to use patient experience data,
and more frequently, the people in charge of using data did not
feel sufficiently trained to do so.

Very few staff members were concerned about the priority given
to patient experience in their organization; however, some did
cite it as a key factor in being able to pursue improvements.
This idea led to many staff members desiring more information
about what other organizations had done to achieve success in
patient experience.

And I think sharing that nationally, because I want
to know what other people are doing, because even
if it’s things that we’re doing well but we could do
better, I don’t want to reinvent the wheel.

What I’d be interested in, is sharing best practice and
stories from others.

Figure 1 depicts what staff specifically said they would put on
their wish list of changes in order to improve how
patient-reported feedback is collected, analyzed, and presented.
Examples of best practice was its own theme, but the idea of
learning from others came through in a few of the themes. Staff
articulated a desire for survey methodologies and resulting data
to be presented in a more intuitive way that resonates with their
day-to-day practice.

Finally, Textbox 2 lists the examples of how organizations in
the improved scores category overcame identified barriers and
used patient-reported feedback effectively to improve their
service and their survey scores. This list reveals the general
technique used and Multimedia Appendix 1 provides a full
description of that process. These themes are mapped in Figure
2.
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Figure 1. Staff wish list.

Textbox 2. Examples of improvements techniques.

Data triangulation even when data cannot be directly linked

Emotional intelligence training

Identifying communication breakdowns

Bespoke survey methodologies across services

Following-up with people after they give feedback

Provision of better information about patient pathway

Values-based improvement

Competition to drive innovations

Comfort packs on the wards

Including patient experience in staff inductions

Giving staff the positive feedback from patients

Identifying priority questions on surveys
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Figure 2. Map of themes, subthemes, and sentiment.

Discussion

Overview of Results
In total, 18 staff members who work with patient experience
feedback were identified through the sampling process based
on National Inpatient Survey scores; this group was deliberately
diverse, representing three organizations that had demonstrated
improvements, decreased performance, and consistencies in
important National Inpatients Survey questions. Respondents
were also from a range of small, medium, large, and teaching
hospitals from across England.

The most frequently cited barriers to using patient-reported
feedback had to do with interpreting results (14 mentions),
understanding survey methodology (14 mentions), presentation
of data in both national CQC (13 mentions) and contractor
reports (12 mentions), inability to link data to other sources (7
mentions), and organizational structure (7 mentions). The most
frequently cited facilitators were: ability to link data (9
mentions), ease of survey interpretation, and clarity around
methodologies (7 mentions). In terms of a wish list for improved

practice, staff desired more intuitive survey methodologies (10
mentions), ability to link patient experience data to other sources
(6 mentions), and more examples of best practice in patient
experience improvement (3 mentions).

Staff feedback varied slightly when segmented by organizational
group. Organizations whose scores had decreased cited training,
organizational structure, and interpreting results as barriers more
often than other organizations. Those whose scores had
increased focused more on difficulty understanding survey
methods and confusion around CQC reports, but cited
knowledge of what is most important to patients as a key
facilitator. The difference in focus could relate to other aspects
of organizational health. For instance, organizations with
declines who cited structural issues might have obstructions to
the use of patient feedback that are not necessarily a product of
the system regarding patient experience feedback.

Interpretation of Results
One of the most interesting findings emerging from the thematic
analysis relates to what was not discussed. Even when
specifically probed, staff virtually never cited finances or lack
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of senior-level interest as a major barrier to using
patient-reported feedback. While some staff members did say
they would like things like “free extra analysis,” and many cited
paid-for survey contractors as providing the most useful analytic
tools and workshops, staff did not feel that lack of funding was
a chronic barrier to using data. Furthermore, very few staff
criticized organizational leadership when citing the barriers to
using data. These findings demonstrate enormous progress in
the field of patient experience, as only a decade ago such
feedback was highly underprioritized by staff and within budgets
[23].

In terms of wish list items, the idea that received the most
consensus by far, and was articulated in a variety of different
themes, was the idea of sharing best practice to help other
organizations emulate the successful use of data. This finding
was a compelling plea for collaboration, rather than competition,
to improve experiences for patients. Ideally some of the
examples of improvement provided in this research will resonate
with staff and provide a first step towards such shared learning.
Furthermore, organizations wanted to see a variety of changes
to survey methods (ie, shortening the questionnaire, offering it
in different modalities, larger sampling), the ability to link data
to other sources of information, clarity about how to interpret
results, and better reports of results both from their contractors
and the CQC. Less frequently mentioned but also on the list,
organizations wanted help to improve response rates as well as
changes to the analysis methods so that they include qualitative
sentiment analysis.

The results also brought forward ideas for improvement
strategies, such as mapping organizational values to questions,
triangulating data from multiple sources to identify trends even
when data is not directly linkable, sharing feedback with staff,
and using “improvement maps” to gauge which questions are
most important to patients (currently only provided by hired
survey contractors). The underlying theme of the improvements
was that chasing individual questions was not as fruitful as
rectifying the root causes that are behind negative scores. This
approach included a focus on integrating survey findings into
conversations involving operational development to stimulate
better patient experiences. More successful organizations found
certain survey questions symptomatic of larger organizational
health issues and recognized that improvement was going to
take a more concerted effort than a single focus on one particular
question. These approaches emphasized working on
organizational values and staff experience rather than targeting
a specific question. Furthermore, these examples support the
idea that provision of clear information and supplies to make
ward life more enjoyable can improve experiences without
making drastic changes to care delivery. Finally, there was
support for involving staff in the process of learning from
feedback, both in giving them positive feedback from patients
and working with them to design experience feedback
collections specific to their patients.

Limitations
The research approach identified what providers are struggling
with when it comes to using patient-reported feedback. Although
the case studies were relatively diverse, it would have been

beneficial to gather feedback from a wider range of respondents.
Furthermore, some interviewees declined to be recorded,
meaning that their files were based on notes, which contained
less precise information for coding. Finally, some of the results
regarding successful approaches to data use cannot be taken at
face value, because things like improvement maps (where certain
survey questions are mapped to an overall question) are
conceptually questionable in terms of providing accurate levels
or importance [6].

Implications for Health Policy
Through this research, health care staff have provided a blueprint
for optimizing national systems related to patient experience
feedback including how it is collected, analyzed, and presented.
In order for patient-reported feedback to be an effective
improvement tool, and avoid the ethical grey zone around
soliciting patient input and not acting on it, feedback programs
need to make efforts to facilitate data comprehension and use.

Staff have offered a considerable amount of insight into how
best to improve the system regarding patient experience
feedback, such that it generates useful intelligence for
organizational improvement. Some of the staff’s suggestions
could be seen as simple adjustments to existing surveys, such
as larger sample sizes, reports that are more appropriately
pitched to the audience, and revisions in survey methodologies
such that they make sense to service providers. Facilitating local
data use also requires the system regarding patient surveys to
provide relevant data breakdowns and intuitive reports and
presentations. This is true in the NHS, but also in international
contexts. Not only are staff eager to have ward- and service-level
data, they need survey results to explain which aspects of
experience are most important to various patient groups. This
approach likely requires soliciting and relaying a different kind
of data entirely. Different types of data have different utilities
for staff, but the feedback of staff in this study present a desire
to further explore near-real-time feedback (that does not risk
confidentiality) and extraction from unstructured data; more
appropriately called patient stories.

These more difficult challenges are perhaps the most important.
The idea of linking feedback to other information represents
staff’s inclination to move towards more holistic quality
improvement rather than continue to analyze and respond to a
wide range of disparate, uninterpretable data. Enabling wish
list items like this would require a paradigm shift in patient
experience feedback collection.

The paradigm regarding patient experience feedback is heavily
rooted in large national initiatives, the NPSP and the FFT, both
of which are accompanied by a sluggish bureaucracy and
political concerns. It is likely that these initiatives are neither
capturing, nor producing, what is most useful to the
organizations trying to use patient feedback to improve care.
Listening to what staff said in this interview study should ignite
a change in thinking and compel the actors within the system
to collect clear, linkable, digitally mature, and timely
information. Furthermore, truly understanding what matters to
patients (another wish list item) requires a different level of
engagement with patients beyond testing surveys and asking
people what they expect from their care pathway.
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These ideas for change do not suggest abolishing national survey
initiatives. Currently, these initiatives still hold the only
academically robust source of patient experience feedback and
are likely to play a role for a long time. Rather, these ideas call
for improvement in the investment in feedback collection; they
demand modernizing feedback collection and revamping it to
be flexible to patient priorities, which is reflective of the whole
patient population and more useful to the frontline. If the system
is open to new approaches, these changes will help transform
unused data into business intelligence insights for clinical
informatics.

Conclusion
Experience has joined effectiveness and safety to form the
quality pyramid that has been accepted by policy makers,
providers, and patients. Patient-reported feedback programs are
now a staple of developed health care systems; however, they
have not yet achieved their full potential as a conduit for patient

needs and preferences to enter into quality improvement
strategies. This research demonstrates which barriers lie behind
the problem. More importantly it illuminates what staff want
and need from the system related to patient experience feedback,
in order to put the data to use.

The focus on enhanced data presentation came through very
strongly, as did the desire for patient-reported feedback to be
explained in a way that is meaningful not only to analysts, but
also to frontline staff. It is also clear that more needs to be done
to enable data linkage so that staff can explore problems within
specialties and across datasets. Finally, the most powerful
finding of this study was one for a shared network of success
and shared learning. The examples in this research makes
inroads towards such shared learning and will hopefully be the
beginning of a growing repository of successful approaches to
using patient feedback that can help the system adapt to
changing local needs.
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Abstract

Background: With abundant personal health information at hand, individuals are faced with a critical challenge in evaluating
the informational value of health care records to keep useful information and discard that which is determined useless. Young,
healthy college students who were previously dependents of adult parents or caregivers are less likely to be concerned with disease
management. Personal health information management (PHIM) is a special case of personal information management (PIM) that
is associated with multiple interactions among varying stakeholders and systems. However, there has been limited evidence to
understand informational or behavioral underpinning of the college students’ PHIM activities, which can influence their health
in general throughout their lifetime.

Objective: This study aimed to investigate demographic and academic profiles of college students with relevance to PHIM
activities. Next, we sought to construct major PHIM-related activity components and perceptions among college students. Finally,
we sought to discover major factors predicting core PHIM activities among college students we sampled.

Methods: A Web survey was administered to collect responses about PHIM behaviors and perceptions among college students
from the University of Kentucky from January through March 2017. A total of 1408 college students were included in the analysis.
PHIM perceptions, demographics, and academic variations were used as independent variables to predict diverse PHIM activities
using a principal component analysis (PCA) and hierarchical regression analyses (SPSS v.24, IBM Corp, Armonk, NY, USA).

Results: Majority of the participants were female (956/1408, 67.90%), and the age distribution of this population included an
adequate representation of college students of all ages. The most preferred health information resources were family (612/1408,
43.47%), health care professionals (366/1408, 26.00%), friends (27/1408, 1.91%), and the internet (157/1408, 11.15%).
Organizational or curatorial activities such as Arranging, Labeling, Categorizing, and Discarding were rated low (average=3.21,
average=3.02, average=2.52, and average=2.42, respectively). The PCA results suggested 3 components from perception factors
labeled as follows: Assistance (alpha=.85), Awareness (alpha=.716), and Difficulty (alpha=.558). Overall, the Demographics and
Academics variables were not significant in predicting dependent variables such as Labeling, Categorizing, Health Education
Materials, and Discarding, whereas they were significant for other outcome variables such as Sharing, Collecting, Knowing,
Insurance Information, Using, and Owning.

Conclusions: College years are a significant time for students to learn decision-making skills for maintaining information, a
key aspect of health records, as well as for educators to provide appropriate educational and decision aids in the environment of
learning as independent adults. Our study will contribute to better understand knowledge about specific skills and perceptions
for college students’ practice of effective PHIM throughout their lives.
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Introduction

Background
With abundant personal health information at hand, individuals
are faced with a critical challenge in evaluating the informational
value of the health care records to keep useful information and
discard that which is determined useless. College students, in
particular, are confronted with a similar issue; however, their
situation is quite different from that of the senior population.
Young, healthy college students who were previously
dependents of adult parents or caregivers are less likely to be
concerned with disease management. As such, their lack of
interest in health care [1] leads to further disinterest in personal
health document management. Personal health information
management (PHIM) is a special case of personal information
management (PIM) that is associated with multiple interactions
among varying users (eg, patients, providers, insurance
companies), complex health information and systems (eg, labs,
medications, insurance), and advanced health information
technology tools (eg, personal health records, PHRs; personal
health devices) [2-4]. In PHIM research, little is known about
college students’ information management activities in the
context of health. Thus, this study investigates the demographic
and academic profiles of college students with regard to diverse
PHIM activities. Additionally, this study aims to discover the
major determinants of key information management activities
among college students for health information. This study
reviews existing literature about diverse PHIM activities and
document types and college students’ health
information–seeking with relevance to their PIM behaviors.

Personal Health Information Management Activities
and Document Types
What individuals do with their personal health documents has
been studied to understand diverse information management
activities, document types, and related personal behaviors. As
a health focus of PIM, core tasks of PIM or PHIM activities
include “the search, retrieval, and re-finding of previously
encountered information from both personal and shared space”
[4,5]. Among these activities, individuals develop and use their
own strategies to manage and organize their personal records.
However, it is not clear if the strategies are effective or efficient.
In the PIM context, researchers have observed that “the
individual characteristic of being orderly has a positive bearing
at a later point in time when the individual needs to find this
information” [3,6-8]. Furthermore, successful PIM retrieval is
dependent on the “prior processes used to organize relevant
information and the extent to which those processes were
appropriately planned” [3].

There is no comprehensive understanding of sources or
document types contained in PHR systems. However, some
PHIM studies reported specific or situational aspects of PHIM
sources and document types. The most important PHR sources

are health care providers who are broadly responsible for
delivery and administration of health care. This group generates
diverse types of health records (or documents) at clinical
encounters such as care notes (eg, discharge summary, physical
exam), therapeutic notes (eg, operative notes, treatment regimes,
procedure information, surgeries), imaging or lab results (eg,
x-rays, pathology, cytology), or administrative or legal or
financial information (eg, appointment schedule, medical bills
and receipts, birth certificate or death certificate, date of birth)
[3]. Health care insurers were also reported as the relevant PHR
source representing any health insurance program that “helps
pay for medical expenses; whether through privately purchased
insurance, social insurance or a social welfare program funded
by the government” [3]. This information is then accessible for
further investigation at times of inquiry or need.

Nowadays, some tethered PHRs can selectively or potentially
include calendar or diary entries, daily planners, medications
and tools, reference material, referrals, poison control, cancer
surveys, over-the-counter medications, exercise and diet or
self-care logs, home-monitored data (eg, blood pressure, glucose,
peak flow), logs of symptoms, or pedometer data [9-11].
Additionally, individuals’ social networks such as family,
friends, and other informal human sources were reported as
relevant PHR sources. In recent times, online support
communities of people with similar diseases, such as
PatientsLikeMe, also constitute relevant PHR sources [12].
Traditional public health sources such as the mass media, public
health departments, and libraries still play important roles as
PHR sources through health websites, printed health
publications, public library classes, etc.

Personal Information Management Perceptions
Although the previous studies have not focused on college
population for their health documents, they have identified some
interesting findings regarding factors influencing PIM activities
[13,14]. Technological solutions or individual knowledge about
diverse PIM tools and methods were found to be associated
with individuals’ success at PIM management [14], especially
in digital environments [13,14], as individual users often have
limited knowledge about appropriate technical tools or
techniques for management and preservation [15]. As PIM
technology evolves, diverse PIM activities happen in digital
forms, and personal data stores could be at risk in terms of
digital service providers’ policies and standards [16]. Williams
et al reported that technologically perceptive interviewees were
diligent with aspects concerning back-ups and mindful about
the risk of loss, which was also confirmed in the research of
Sinn et al [17,18]. Still, how technology influences young
college students in the digital generation in terms of PHIM
remains unknown.

The difficulties in PIM activities were investigated, and the 2
most critical challenges that were identified were curatorial and
organizational activities. Bruce and colleagues (2005) found
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that individuals have difficulty in determining the future value
of digital content [19]. Marshall similarly described curatorial
decisions as a “cognitively demanding exercise” [13].
Individuals’ management methods for information are much
more diverse in personal settings than those in organizational
settings. People often allow their information to accumulate
without taking action to organize it. Actions for decluttering or
organizing personal information often happens with trigger
events, such as moving offices, buying new devices, and
reaching the limits of space capacity [17]. Even in cases where
individuals preserve their content, their organizational activities
for long-term use seem unlikely to meet a required level, and
they especially lack “creating appropriate metadata, and
migrating materials to maintainable formats” in a proper and
secure data management system [16,20].

To achieve a satisfying level of information retrieval for
individuals’ needs, some types of assistance, whether
technological or professional, might be useful. The patterns of
individuals’ preservation seem haphazard or premature, such
as simple replications or keeping everything including old
computers [13,15,17,21-23]. Obviously, those patterns are
neither sustainable nor efficient. Many researchers argue that
professional intervention in PIM would benefit them greatly to
preserve important personal information as well as to preserve
cultural heritage from which personal histories could be found
[14,17,18]. However, the era of professional support or
technological assistance in PIM is still in its infancy, with only
limited technological support available mainly for the aging
population [24,25].

The sense of ownership or home-grown organization was one
of the ways to observe the characteristics of a personal archive
[26]. The same applies to the online environment. For example,
users perceive the Cloud as a “storage box” on the internet, not
going much beyond the concept of ownership [27]. In addition,
individuals strongly felt that they should be able to preserve
even their own social media data [28]. Hence, the sense of
possession or ownership may influence PIM activities.

Another factor was awareness of the importance of personal
information. When someone thinks that his or her personal
information may be important in a different context (eg,
financial, academic, personal history), then he or she may make
more of an effort to preserve that information. Personal
information builds personal life history, documents important
occasions for achievements or memorials, and presents identity
construction evidence [26,29]. Although proven to be associated
with PIM activity [18], the awareness, however, has not been
tested for any specific context, such as health information,
college students, or other PIM activities.

College Students’ Health Information–Seeking
Behaviors
College students enter a critical transition and begin to become
independent and responsible for their own health during college
years. As they are away from their parents, college students
must acquire their health records, such as immunization records,
drug test results, or vaccination records, and present them
whenever asked for academic admission or employment.
Moreover, college students are thought to be a vulnerable

population in that they are exposed to pandemic outbreaks such
as meningococcal disease and influenza [30-32]. However, they
often exhibit lack of interest in either disease management or
health information management. Most importantly, this age
group is the least insured in the United States [32], in spite of
the fact that they are exposed to risky behaviors, such as the
highest rates of motor vehicle injury and death, homicide, mental
health problems, sexually transmitted infections, and substance
abuse [31,32]. In addition, these young adults do not normally
seek assistance with finding or maintaining their PHRs until an
illness or accident occurs [30].

Studies have reported that college students are using online
resources for health information due to their easy access,
although the students do not consider them to be credible
[33-36]. Given that health and medical information requires
professional knowledge to interpret and manage [35,36], this
situation could lead to critical health decisions. In this sense,
the fact that personal health record keeping has not been a part
of college education in a conventional academic setting is
problematic. Particularly for health matters, having unknown
digital records that hold important personal information may
mean being at an increased risk of chronic conditions and their
associated complications for many more years, thus making
college students an important population in need of immediate
health promotion and intervention.

With relevance to health information seeking and sharing
activities, Syn and Kim (2016) reported that both contextual
and user variations were influencing factors [37]. Ivanitskaya
and colleagues reported that “most students (89%) understood
that a one-keyword search is likely to return too many
documents,” and that “few students were able to narrow a
search,” showing search inefficacy among college students [38].
They also reported that “students’ self-perceptions of skill
tended to increase with increasing level of education” [38].
Notably, as part of Project Information Literacy, Head and
Eisenberg (2009) reported that college students in their survey
“used course readings and Google first for course-related
research and Google and Wikipedia for everyday life research”
[39]. As such, there has been limited evidence to understand
informational or behavioral underpinning of the college students’
PHIM activities, which can influence their health, in general,
throughout their lifetime. This knowledge can help students
practice effective PHIM throughout their lives.

Therefore, the aim of this study was to investigate perceived
behaviors of college students by asking questions that focused
on various information management–related activities through
an online survey. Three research questions were tested within
our samples. The first research question investigated
demographic and academic profiles of college students with
relevance to PHIM activities. The second research question
sought to construct major PHIM-related activity components
and perceptions among college students. The third research
question sought to discover the major factors predicting core
PHIM activities among college students that we sampled.
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Methods

Survey Sample
The target sample was 28,254 students who were included on
the University of Kentucky student mailing list (as of January
2017). We excluded those who signed off from the University
mailing list according to the Family Educational Rights and
Privacy Act. Our online survey responses were collected from
March through May 2017. The overall response rate was 9.12%
(2578/28,254), and the study included only responses with a
survey completion rate greater than 90% (1408/2578, 54.61%).
The participants who included their emails participated in a
drawing for compensation. The study has been approved by the
University of Kentucky institutional review board.

Nonresponse Analysis and Common Method Bias
Low response rate for Web surveys among college students is
not a surprising phenomenon. As reported in the recent National
Survey of Student Engagement, the response rate ranged from
5% to 77%, with an average of 29% [40]. Our data show a high
dropout rate of 44.57% (1149/2578) where the remaining
responses were completely missing. Due to low response rate
(ie, 9.12%), nonresponse analysis recommended by Babbie
(1990) was performed by comparing the initial 30% and the
last 30% responses (considered as a proxy for nonresponses)
[41]. To compare the 2 groups, we performed the analysis of
variance test, which indicates no statistically significant
differences between the 2 groups of respondents for the
independent and dependent variables. For instance, the
demographics variables entered in hierarchical regression
analyses, age (F1,784=2.532, P=.11 gender (F1,785=0.588, P=.44),
ethnicity (F1,784=0.849, P=.36), and relationship (F1,788=0.247,
P=.62). Remaining variables entered in the regression analyses
were found to be insignificant between the 2 groups. Therefore,
the nonresponse bias is considered to be minimal in this study.

Additionally, Harman single-factor test based on confirmatory
factor analysis was performed to avoid the common method
bias [42]. This study employed the online survey method to
measure college students’ information management behaviors
and perceptions with relevance to personal health record
management within the same survey respondents. Therefore,
the common method bias issue can be introduced by measuring
both independent and dependent variables that were collected
from the same survey respondents. Harman single-factor test
shows that the largest variance for one factor (ie, age) is 12.92%,
which is less than the acceptable value of 50% [43]. Therefore,
the common method bias is also considered to be marginal in
this study.

Measures
An aggregate sum of 84 PHIM-related activities measuring
from 1 (strongly disagree) to 5 (strongly agree) on the Likert
scale for each question was used as a dependent variable,
namely, Overall PHIM Activity. These 84 questions used as a
PHIM activity measure were based on literature [3-8] in our
reference. In addition to the overall PHIM score, we formed 11
additional dependent variables using a principal component
analysis (PCA) using SPSS v.24. The PCA allows us to convert

possibly correlated variables into principle components by the
strengths of possible variances, so that we could create principle
PHIM activities and record type constructs. The surveyed items
and accompanying results are reported in Tables 1-3. From the
PCA analysis, the 11 PHIM constructs formed include Labeling,
Sharing, Categorizing, Collecting, Health Education Materials,
Understanding, Discarding, Insurance Information, Organizing,
Using, and Owning. Reliability scores of Cronbach alpha for
these 11 PHIM components range from .803 to .969, indicating
high internal consistency in PHIM measures (Table 4). For
predictor variables, 16 survey questions were analyzed to extract
major PIM perception components using the PCA technique.
We included only highly reliable components among our
predictors for a series of regression analyses. The PIM
perceptions used as predictors are labeled as Assistance,
Awareness, and Difficulty (Table 3). Additionally, demographics
(age, gender, ethnicity), health concerns (number of clinic visits,
preferred health information resources), and academic
characteristics (status, relationship, grade point average, number
of courses taken) were entered in hierarchical regression
analyses to predict major predictors for the PHIM activities
extracted. To control demographics or academic variances, we
recoded some variables into a binary comparison (Female: 1,
others: 0; White: 1, others: 0; Undergraduate: 1, others: 0;
Single: 1, others: 0) in our hierarchical regression analyses. The
preferred health information sources were measured from 1
(representing least preferred) to 9 (most preferred).

Results

We first performed a descriptive analysis to characterize our
student sample, which was followed by PCA analyses. On the
basis of the PCA results, a series of hierarchical regression
analyses were performed to assess which variables were
statistically meaningful to predict diverse PHIM activities.

Research Question 1: Sample Characteristics
The first research question sought to profile demographic
characteristics of the survey participants (N=1408; Table 1).
The majority of participants were female (956/1408, 67.90%),
and the age distribution of this population included adequate
representation of college students of all ages, except for adults
aged 66 years or above (n=8). The participants were
oversampled in female population in comparison with University
of Kentucky’s current student demographics (N=16,628;
54.10%). This sample lacked racial and ethnic diversity in that
72.70% (1023/1408) were white, with African Americans
representing the next most sampled population (5.90%,
83/1408). For academic status, 852 students (852/1408, 60.50%)
were undergraduate, and the rest represented graduate or
certification program students. Half of the students resided in
off-campus housing (824/1408, 58.50%), and 48.90%
(689/1408) reported being in a relationship. High grade averages
were reported, with A (800/1408, 56.80%), B (413/1408,
29.30%), C (87/1408, 6.20%), D (9/1408, 0.60%), and F
(9/1408, 0.60%), Participants reported that they predominantly
use parent-provided health insurance (787/1408, 55.90%), the
student health plan through the University (206/1408, 14.60%),
and employment-based insurance (177/1408, 12.60%).
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Table 1. Sample description—demographics, academics, health, and information resources (N=1408).

StatisticsVariables

24.65 (7.10)Age, mean (SD)

Gender, n (%)

354 (25.14)Male

956 (67.90)Female

98 (7.00)No response

Ethnicity, n (%)

1023 (72.70)White, not Hispanic

83 (5.90)Black, not Hispanic

53 (3.80)Hispanic or Latino

106 (7.50)Asian or Pacific Islander

3 (0.20)Native American or Alaskan Native

44 (3.10)Other

96 (6.80)No response

Academic status, n (%)

237 (16.80)1st year undergraduate

197 (14.00)2nd year undergraduate

189 (13.40)3rd year undergraduate

173 (12.30)4th year undergraduate

56 (4.00)5th year or more undergraduate

154 (10.90)Mater’s program

267 (19.00)Doctoral program

5 (0.40)Certification program

36 (2.60)Other: please specify

94 (6.70)No response

International students, n (%)

86 (6.10)Yes

1227 (87.10)No

95 (6.70)No response

Housing, n (%)

315 (22.40)Campus residence hall

30 (2.10)Fraternity or sorority house

36 (2.60)Other university housing

824 (58.50)Off-campus housing

71 (5.00)Parent or guardian’s home

38 (2.70)Other: please specify

94 (6.70)No response

Relationship, n (%)

689 (48.90)Single

188 (13.40)Married/domestic partner

403 (28.60)Engaged/committed dating relationship

8 (0.60)Separated

13 (0.90)Divorced
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StatisticsVariables

2 (0.10)Widowed

13 (0.90)Other: please specify

92 (6.50)No response

Tuition support, n (%)

521 (37.00)Parents

509 (36.20)Student loans

441 (31.30)Self

94 (6.70)Your employer

683 (48.50)Scholarships (eg, teaching/research assistantship)

Grade point average, n (%)

800 (56.80)A

413 (29.30)B

87 (6.20)C

9 (0.60)D/F

99 (7.00)No response

Health insurance, n (%)

787 (55.90)Parent health insurance

177 (12.60)Employment-based insurance

206 (14.60)Student health plan through universities

17 (1.20)Subsidized Obamacare coverage

2 (0.10)Catastrophic coverage

68 (4.80)Medicaid

23 (1.60)Not insured

24 (1.70)Other: please specify

104 (7.40)No response

Health information sources sought first, n (%)

366 (26.00)Professionals (eg, doctors, nurses, etc.)

612 (43.50)Family

27 (1.90)Friends

6 (0.40)Colleagues (eg, other patients)

157 (11.20)Internet

2 (0.10)Social media

1 (0.10)Mass media

3 (0.20)Government agencies

3 (0.20)Libraries

16 (1.10)Other

27.08 (22.64)Number of courses taken, mean (SD)

4.32 (6.33)Number of clinic visit, mean (SD)

3.18 (1.93)Number of digital devices owned, mean (SD)

3.57 (11.94)Number of mobile phones owned, mean (SD)
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Table 2. Personal health information management (PHIM) activities by document types.

Average

activities

Health

education

materials,

mean (SD)

Insurance

information,

mean (SD)

Drugs,

mean (SD)

Surgery,

mean (SD)

Emergency

information,

mean (SD)

Family

medical

history,

mean (SD)

Immunization

records,

mean (SD)

PHIM activities by document types

3.512.95 (1.30)4.15 (0.95)3.71 (1.19)3.42 (1.26)3.89 (1.12)2.99 (1.23)3.46 (1.28)I already have a collection
of________

3.342.91 (1.31)3.81 (1.18)3.52 (1.26)3.28 (1.29)3.56 (1.24)3.04 (1.25)3.27 (1.32)I have a habit of collecting
________ whenever providing for
my health

3.743.29 (1.31)4.09 (1.04)3.95 (1.11)3.71 (1.21)3.95 (1.10)3.65 (1.21)3.55 (1.28)I know which of ________ are
needed for my doctor’s visits

2.423.08 (1.38)2.49 (1.28)2.53 (1.26)2.21 (1.11)2.21 (1.12)2.2 (1.08)2.2 (1.10)I discard ________ when they are
no longer needed

3.293.01 (1.30)3.6 (1.21)3.4 (1.26)3.23 (1.29)3.41 (1.26)3.14 (1.29)3.24 (1.30)I have my own method to manage
and organize

2.522.36 (1.16)2.72 (1.28)2.66 (1.26)2.45 (1.19)2.58 (1.24)2.41 (1.17)2.47 (1.21)I categorize ________ on a regular
basis

3.212.79 (1.32)3.66 (1.24)3.37 (1.31)3.09 (1.32)3.35 (1.32)3.03 (1.31)3.15 (1.35)I arrange ________ effectively so
that I can find it easily for my doc-
tor’s appointment

3.022.7 (1.30)3.3 (1.36)3.16 (1.35)2.97 (1.34)3.12 (1.36)2.9 (1.33)3.02 (1.37)I label ________ in a meaningful
way so I can find it easily for later
use for my doctor’s appointment

3.302.75 (1.33)3.96 (1.15)3.47 (1.31)3.09 (1.33)3.47 (1.32)3.02 (1.32)3.33 (1.36)Usually, I try to personally own a
copy of ________ in my possession

3.513.07 (1.34)3.98 (1.08)3.69 (1.21)3.37 (1.29)3.76 (1.20)3.28 (1.29)3.39 (1.31)I can easily find ________ in an ef-
ficient manner

3.483.01 (1.32)3.91 (1.10)3.67 (1.23)3.42 (1.27)3.74 (1.21)3.28 (1.27)3.36 (1.31)I can easily share my________
records, when needed

3.392.94 (1.30)3.86 (1.11)3.89 (1.10)3.57 (1.21)3.69 (1.16)3.59 (1.18)3.24 (1.27)I use ________ when I discuss my
health matters with a health profes-
sional

 2.913.633.423.153.393.043.14Average by data types

The most preferred health information resources were as
follows: family (43.50%, 612/1408), health care professionals
(366/1408, 26.00%), friends (27/1408, 1.90%), and the internet
(157/1408, 11.20%). Compared with other studies, this sample
prefers depending more on family for health information sources
than health care professionals [1,33]. Although this is not a
direct comparison, the average number of clinic visits in this
sample was 4.32 times more than those in the past year, implying
a relatively healthy population compared with the national
average of 12.9 visits in 2001 and 11.6 visits in 2010 among
people aged between 18 and 64 years who reported fair or poor
health [44].

Among the 12 PHIM activities, the participants reported that
“I know which of (document types) are needed for my doctor’s
visits” (average=3.74) ranked the highest (Table 2).
Organizational or curatorial activities such as Arranging,
Labeling, Categorizing, and Discarding were rated low
(average=3.21, average=3.02, average=2.52, and average=2.42,

respectively). For the record types–related questions, we found
that Insurance information was the PHIM data type that was
most actively managed (average=3.63), whereas Health
Education Materials and Family Medical Histories were the
least favorably pursued PHIM data types (average=2.91 and
3.04, respectively).

Research Question 2: Major Personal Health
Information Management Constructs
The second research question sought to identify principle factors
for PHIM activities using PCA analyses. In addition to the
demographic information, we included PIM perception factors
as predictors. The PCA results suggested 5 components from
perception factors, 2 of which were eliminated due to low
reliability scores, resulting in 3 components labeled as follows:
Assistance (alpha=.85), Awareness (alpha=.716), and Difficulty
(alpha=.558). Table 3 reports further details on PCA results
performed on PIM perceptions.
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Table 3. Primary factors of personal information management (PIM) perceptions.

Factor 3Factor 2Factor 1Components

Factor 1: Assistance

  0.812If I have professional assistance, I think I will be able to manage my personal records better

  0.844I would like professional advice about managing personal records

  0.848Training would be useful to manage my personal records better

  0.738I would like to have technology assistance to manage my personal records

Factor 2: Awareness

 0.812 It is important to keep my personal records for future use

 0.764 It is critical to collect my academic records for my future career

 0.707 It is essential to store my health records to better manage my health

Factor 3: Difficulty

0.830  It takes considerable time to look through my personal records to determine what to keep
and what to delete

0.659  I find it difficult to know how I should organize my personal records

3.370 (1.093)4.220 (0.782)3.300 (1.051)Mean (SD)

.558.716.85Cronbach alpha

1.0032.8823.607Eigenvalue

6.27118.01322.542Percentage of variance explained

Table 4. Summary of PCA results by component for primary factors in personal health information management (PHIM) activities for record types.

1110987654321PCA Result Summary by Components

.933.922.964.803.925.944.895.924.971.933.969Cronbach alpha

3.2523.6923.2503.9332.4143.7952.9623.3352.5003.5503.052Mean

1.3291.1621.2891.1131.1791.1661.3051.2701.2051.2441.347SD

1.4201.5081.6551.7272.0502.1022.4152.9014.5026.60640.867Eigenvalue

1.6901.7951.9702.0562.4402.5032.8753.4545.3597.86548.651Percentage of variance explained

On the basis of the responses to 84 PHIM questions, we
performed a PCA analysis to form statistically meaningful
constructs for use as dependent variables in the hierarchical
regression analyses. As a result, the model yielded 11 distinct
factors that represent 11 PHIM activities (Multimedia Appendix
1 and Table 4). The factors accounted for about 78.9% of the
variance. The scores for the scales were summed and divided
by the number of items in the scale to produce variables ranging
from 1 to 5, with smaller values indicating lower levels of
agreement. The reliability of the 11 factors was also assessed
to measure strengths of the scales. The 11 factors were
subsequently labeled as follows: Labeling (alpha=.969), Sharing
(alpha=.933), Categorizing (alpha=.971), Collecting
(alpha=.924), Health Education Materials (alpha=.895),
Knowing (alpha=.944), Discarding (alpha=.925), Insurance
Information (alpha=.803), Organizing (alpha=.964), Using
(alpha=.922), and Owning (alpha=.933). Multimedia Appendix
1 reports the full PCA result.

Research Question 3: Predicting Primary Factors for
Personal Health Information Management Activities
The last research question sought to discover which independent
variables are affecting factors to the major PHIM activities
constructed from the PCA. The relationship between possible
factors from the college students’ characteristics and the 12
PHIM activity constructs is the focus of the third research
question. A series of 12 dependent variables (overall PHIM
activity + 11 PHIM activity constructs) were tested with
regression analyses using 4 groups of factor variables, including
Demographics, Academics, Health Resources, and PIM
Perceptions. For the hierarchical regression analyses,
Demographics variables were entered in the first block,
Academics variables—GPA, number of courses taken, academic
status—were entered in the second block, Health and
Information Resources variables—number of clinic visits and
the 5 health information sources including professionals, family,
friends, the internet, and mass media—were entered in the third
block, and 3 PIM Perceptions variables of assistance, awareness,
and difficulty were entered in the fourth block. Multimedia
Appendix 2 shows an aggregate result of the hierarchical
regression analyses between the 4 independent variables

J Med Internet Res 2018 | vol. 20 | iss. 4 |e132 | p.346http://www.jmir.org/2018/4/e132/
(page number not for citation purposes)

Kim et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


(predictors) and the 12 dependent variables (PHIM activities),
and Table 5 shows the hierarchical regression analysis predicting
overall personal health information management (PHIM)
activity.

Overall, Health and Information Resources and Perceptions
significantly increased the explanatory power of the regression
model. More specifically, the Demographics and Academics
variables were not significant in predicting the dependent
variables such as Labeling, Categorizing, Health Education
Materials, and Discarding, whereas they were significant for
other outcome variables. Among Demographics variables,
gender (coded female=1) significantly explained the outcome
variables of Sharing, Collecting, Knowing, Insurance
Information, Using, and Owning. Although the overall
Academics variables significantly explain some activities, none
of the individual Academics variables are significant for each

dependent construct. For Health and Information Resources
variables, the number of clinic visits is significant in Sharing
and Using variables. Some of preferred health information
resources such as professionals and friends are found to be
significant factors in some PHIM activity variables. The internet
and mass media did not significantly predict most of the PHIM
variables. Among the 3 PIM Perceptions variables, Awareness
is the most significant of the 12 outcome variables, whereas the
Difficulty variable is not significant in health education–related
and discarding activity. Interestingly, the Assistance variable
is found to be significant in Labeling, Sharing, and Organizing
variables.

A 4-stage hierarchical multiple regression was conducted with
the overall PHIM activity construct as a dependent variable for
predictor variables used in the below analysis.

Table 5. Hierarchical regression analysis predicting overall personal health information management (PHIM) activity.

Overall personal health information management (PHIM) activityDependent predictors

P valuetΒ
Degrees of
freedomΔ FΔ R2R 2R

<.0015.272 4,10695.272.019.019.139Demographics

.171.3600.532     Age

.004b2.88513.392     Gendera (Female)

.350.9454.745     Ethnicityc (White)

.16−1.393−5.940     Relationshipd (single)

<.0013.432 7,10660.979.003.022.148Academics

.281.0823.594     Grade point average

.760.3120.028     Number of courses taken

.161.4067.863     Academice status

<.0016.025 13,10608.872.047.069.262Health and information resourcesf

.05b1.9640.626     Number of clinic visit

<.0013.4675.271     Professional

.660.4440.755     Family

.009b2.6143.993     Colleague

.22−1.235−1.931     Internet

.19−1.314−2.496     Mass media

<.00111.098 16,105730.874.075.144.379Personal information management (PIM) perceptionsg

.03b−2.215−1.445     Assistance

<.0018.5899.506     Awareness

<.001−3.431−4.216     Difficulty

aGender: Dummy-coded with Female=1 and Male=0.
bP<.05.
cEthnicity: Dummy-coded with White=1 and Others=0.
dRelationship: Dummy-coded with Single=1 and Others=0.
eStatus: Dummy-coded with Undergraduates=1 and Others=0.
fPreferred Health Information Resources: 1 (least preferred) to 9 (Most preferred).
gPIM Perceptions: five-point response scale from Strongly Disagree (1) to Strongly Agree (5).
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The hierarchical multiple regression revealed that at stage one,
Demographics variability as a group contributed significantly
to the regression model, F4,1069=5.272, P<.001, and accounted
for 1.9% of the variation in overall PHIM variables. However,
when considering the individual variables, only gender variation
indicates significant contribution, whereas the other
Demographic variables are not significant. Introducing the
Academics variables at the next stage does not explain any
additional variation in overall PHIM activity, but this change

in R2 is significant statistically at F7,1066=3.432, P<.001. Adding
Health and Information Resources variables to the regression
model explains an additional 4.7% of the variation in overall

PHIM activity, and this change in R2 is significant by
F13,1060=6.025, P<.001. At the final stage, the addition of PIM
Perceptions to the regression model explains an additional 7.5%
of the variation in overall PHIM activity, and this change in R
² is also significant by F16,1057=11.098, P<.001. When all the 4
blocks of independent variables were included in stage 4 of the
regression model, Assistance, Awareness, and Difficulty
perceptions were found to be significant. Female, Professional,
and Mass Media Resources variables were also found to be
significant in predicting overall PHIM activities. The most
important predictor of overall PHIM activity is the PIM
Perceptions predictor, which uniquely explains 7.5% of the
variation in overall PHIM activity. Taken together, all the 5
independent variables accounted for 14.4% of the variance in
overall PHIM activity.

Discussion

Overall Characteristics
This study examined college students’behaviors and perceptions
about information management of their health-related
information. Demographically, our sample is young, female,
single, and white dominant, and this study sample is similar to
that of the University of Kentucky student body, except for
oversampled female students. These young adults reported high
GPAs and generally seek health information from family and
health professionals. Their total number of annual clinic visits
indicates a relatively healthy population compared with the
national average. The most active PHIM behaviors found were
to know the value of health records, and collect and easily find
the records. Their least active PHIM behaviors were to discard
health information when no longer needed, and to categorize
and label them for proactively organizing them. They highly
value insurance and drug information but consider health
education materials and family medical history less important
for PHIM activities.

Descriptive Characteristics
The descriptive analysis suggests that our study participants are
heavily dependent on parents in terms of their financial support,
including tuition payments and health insurance. It is not
surprising, then, that the majority of college students are
transitioning to build financial as well as medical independence
from their parents. Their financial responsibilities speak not
only to monetary dependency but also to information
dependency on their parents or family members. In terms of

information sources they use, we anticipate that authentic
information sources such as clinicians or other health care
providers would be sought by the students. However, majority
of the participants report that they sought health information
through family members first. This result is not consistent with
other studies reporting that health care providers are initially or
most frequently sought out as a health information source
[1,25,36], and it is tied to our previous discussion about college
students’ transitioning phase of information dependency.

Affecting Factors
Our PCA analyses suggested 3 perception constructs, namely,
Assistance, Awareness, and Difficulty. Among these, Assistance
represents any professional or technological help in managing
various PHIM activities, which have been discussed in previous
research. Conversely, this study found that neither Technology
nor Ownership questions were formed as significant factors, so
we did not include them in our regression analyses. Surprisingly,
we found that PIM Perceptions overall were a predictor
construct, as well as the individual variables of Assistance,
Awareness, and Difficulty. Additionally, Awareness and
Difficulty were formed as statistically viable constructs for
further analyses. Awareness indicates how college students
perceive the importance of information management in their
personal records and was shown to be highly perceived in this
group. Thus, we entered this variable in our regression analyses.

As dependent variables, we formed 11 constructs out of 84
questions. Interestingly, the constructs formed such as
Collecting, Organizing, or Using were consistent with previous
PHIM literature [3,25]. However, some of the major PHIM
activities such as Retrieving, which were heavily studied in
information retrieval or seeking studies, were not statistically
significant in internal consistency to form a construct and thus
not included in our analyses. Although the descriptive values
were not high, some variables, such as Labeling and
Categorizing, presented good patterns as components. Curatorial
activities such as Categorizing, Labeling, or Organizing were
also important constructs in our PCA result. Among health
information types, Health Education Materials and Insurance
Information were used as outcome constructs in this analysis,
even though their descriptive values were low. This result calls
for further study to evaluate critical values of information
contained in these underutilized resources.

The most interesting result was based on a series of 12
hierarchical regression analyses, as these provided an
opportunity to examine the aforementioned predictors and their
influence on diverse PHIM activities. With these regression
results, we could identify possible factors for further analysis
to better prepare in PHIM. For instance, many studies have
examined the challenges that individuals experience during
digital archiving practices [14,17,19,20,23,28,45]. As we stated,
our goal was to identify a profile for active PHIM performers
and to discover possible improvements based on the current
state of PHIM practices and perceptions among college students.
The overall results in Table 5 confirm that Demographics
(Gender), Academics in general, Health Information Sources
(number of clinic visits, professionals and colleagues as
Information Sources), and PIM Perceptions (Assistance,
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Awareness, and Difficulty) have meaningful influences on
PHIM variables. Therefore, we can profile active PHIM
performers as female students with good academic standing,
who visit clinics frequently and seek information from
professionals and colleagues, who are aware of the importance
of personal history, who acknowledge the importance of
professional assistance, and who understand the difficulties of
information management activities.

Females were the dominant population of our study group, and
other PIM or information-seeking studies have already reported
that females are active information seekers who were found to
be better organizers than their counterparts [1,24]. In the second
block, we found significant association between overall
academic variances and PHIM activities. Academic
status—undergraduate versus graduate—was found to be an
insignificant predictor of certain PHIM activities such as
Collecting or Sharing. In the third block, the number of clinic
visits was an important predictor for Sharing and Using, and
some health information sources such as professional and
colleagues were found to be significant predictors. These 2
sources were found to be highly ranked health information
sources and significant predictors of some curatorial PHIM
activities including Labeling, Sharing, Categorizing, and
Collecting. Such curatorial activities for deciding what to keep
and what to delete were reported as the least performed PIM
activity for a number of reasons [19]. For instance, whether a
record has specific values for future use was difficult to judge
for those who have no experience in PIM practices. Even if
individuals have PIM experiences, anticipating changing PHIM
status is a moving target that any human could adjust depending
on unpredictable health conditions. This so-called “post-value
recall” is not known until individual situations come into play.
In other words, the values of the archived information cannot
be perfectly predicted for later use when it is needed [46]. Thus,
people often keep more than they need, and they do not expect
to use all the information they have archived. At the same time,
they still look for assistance with archiving or discarding
decisions for better PHIM practices.

Finally, the findings suggest that 3 PIM Perception constructs
entered in the last block are significantly associated with PHIM
activity predictions. Accordingly, it appears that Awareness
and Difficulty predict all PHIM activities, whereas Assistance
only predicts the curatorial activities such as Labeling or
Categorizing. On the basis of the findings, college students’
PHIM activities are influenced by their perceived behaviors,
such as PIM awareness and difficulty. Relatedly, the Difficulty
construct indicates the areas that information professionals,
such as librarians and archivists, have traditionally addressed
to assist their users. These professionals are trained to extract
major informational values by anticipating future uses while
discarding useless information from their public collections.
Although archivists work for personal collections in their
archives, their value-judgment is based on social, historical,
and cultural schema. Although PHIM collections are archived
for events of personal interest, information professionals’ skills
and expertise can provide assistance in developing best PHIM
practices, which could be taught to college students through
training.

Contribution
This paper contributed to understanding college students’
information management activities and tested multiple factors
to predict major PHIM activities. In a large-scale survey, data
collected from a young adult population with regards to personal
record management is a novel finding in PIM studies. In
particular, healthy young individuals in a college setting have
been neglected in disease-based patient education as well as in
health information–seeking studies. We believe that our findings
provide critical values of information management skills among
college students to promote self-help care management.
Predictors that were tested range from demographic variation
to academic measures to general PIM perceptions applied in a
health information management setting. The findings about
diverse PHIM activity constructs could be used as PHIM
outcome measures for future validation, as in a training outcome
measure for specific PHIM activity. We believe that further
studies about cost-benefit analyses on diverse training
methodologies on individual PHIM outcomes would even be
beneficial to improve PHIM training design and evaluation. We
also suggest validating diverse PHIM activity constructs with
relevance to clinical or wellness outcomes.

Limitations
This study presents a number of limitations. First, we used
large-scale survey data locally collected from one state-owned
university. Therefore, our sample might be biased when
generalizing to other college settings. The demographics
considered in this study represent a female-dominant sample.
Although other demographic or academic variables, except for
gender, were found to be insignificant predictors, it is advisable
to use a more diverse ethnic group in future studies.
Additionally, technological variations did not form any
significant factor in our analyses. However, our results could
change if we collect data years after PHRs or other patient portal
services are introduced to the arena of college health. As of
today, our participants were not fully aware of PHRs or other
patient portal services that could be utilized for managing PHRs.
Therefore, further postimplementation studies with PHR users
are needed for validating some of our findings.

Conclusions
In conclusion, PHIM among college students is a neglected
topic of health information seeking, health services, or health
IT research and tool development. Due to the relatively healthy
nature of young adults in a rich educational environment, their
information management skills could be improved drastically
once we pay close attention to individual PHIM skill training
and development. The findings of this study indicate that the
awareness of PHIM’s importance is in place, but the reality of
weak skills, such as curatorial activity and least utilized records
such as patient education materials, should be acknowledged
and remedied while in college or by hospitals’ health services.
Most particularly, a special focus should be given to train college
students about how to assess informational values of personal
records and their efficient organization by utilizing various
health information technologies. Public collections management
and strategies devised for public use in libraries or archives may
not be suitable for personal archival or health record collection
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management. The dynamic nature of informational values or
individual levels of health information literacy will come to the
forefront in a personalized PHIM education setting. With the
advent of PHRs or any similar patient portal services by large
academic hospitals or individual providers, college students
will be faced with overloaded health records that have never
been addressed in their education [47]. For preventive care,
numerous studies have confirmed that informed health

consumers exhibit better self-care than those that are not
informed. As college students’ independence starts from their
college years, their health record management is soon to be
declared free from parental control. Understanding information
flow and values of their personal records is important in
understanding college students’ health conditions, and relevant
PHIM educational endeavors will definitely boost these efforts.
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Abstract

Background: Digital health tools have been associated with improvement of cardiovascular disease (CVD) risk factors and
outcomes; however, the differential use of these technologies among various ethnic and economic classes is not well known.

Objective: To identify the effect of socioeconomic environment on usage of a digital health intervention.

Methods: A retrospective secondary cross-sectional analysis of a workplace digital health tool use, in association with a change
in intermediate markers of CVD, was undertaken over the course of one year in 26,188 participants in a work health program
across 81 organizations in 42 American states between 2011 and 2014. Baseline demographic data for participants included age,
sex, race, home zip code, weight, height, blood pressure, glucose, lipids, and hemoglobin A1c. Follow-up data was then obtained
in 90-day increments for up to one year. Using publicly available data from the American Community Survey, we obtained the
median income for each zip code as a marker for socioeconomic status via median household income. Digital health intervention
usage was analyzed based on socioeconomic status as well as age, gender, and race.

Results: The cohort was found to represent a wide sample of socioeconomic environments from a median income of US $11,000
to $171,000. As a whole, doubling of income was associated with 7.6% increase in log-in frequency. However, there were marked
differences between races. Black participants showed a 40.5% increase and Hispanic participants showed a 57.8% increase in
use with a doubling of income, compared to 3% for Caucasian participants.

Conclusions: The current study demonstrated that socioeconomic data confirms no relevant relationship between socioeconomic
environment and digital health intervention usage for Caucasian users. However, a strong relationship is present for black and
Hispanic users. Thus, socioeconomic environment plays a prominent role only in minority groups that represent a high-risk group
for CVD. This finding identifies a need for digital health apps that are effective in these high-risk groups.

(J Med Internet Res 2018;20(4):e145)   doi:10.2196/jmir.8819

KEYWORDS

race and ethnicity; socioeconomic position; computers; health services research; health disparities

Introduction

Cardiovascular disease (CVD) remains the most prominent
cause of morbidity and mortality in the world [1]. A
disproportionate amount of disease burden affects people from
specific ethnic groups and lower socioeconomic backgrounds
[2,3]. These disparities permeate all aspects of cardiovascular

care, including prevention, diagnosis, treatment, and outcomes
[4,5]. Prevention of CVD through risk factor reduction is an
effective and valuable strategy for reducing the majority of
disease burden [6,7]. In recent years, wide arrays of digital
interventions have been created to aid in this effort [8]. These
tools, widely described as digital health, have taken a variety
of different forms including mobile apps, texting, desktop-based
apps, wearables, digital workplace interventions, and virtual
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reality. The perceived advantages of digital health tools include
increased access, streamlined communication, lower patient
costs, and an increase in efficiency and value of health care [9].
Many of these tools have yet to be reliably realized and proven
through randomized controlled trials, but the current summation
of the evidence points toward benefit in reducing cardiovascular
risk [8] and potentially CVD outcomes [10].

For all the perceived benefits of digital health, potential
limitations remain. Even with the belief that health care will be
improved with these tools, there remain concerns that
disadvantaged populations such as those of low socioeconomic
status, minorities, and the elderly may obtain fewer benefits.
Previous work has shown that people with lower socioeconomic
status are less likely to proactively seek online health
information, use online health care communication, or
participate in user-generated online health activities [11,12]. In
one large health system, online patient portal usage was found
to be markedly decreased in blacks, Hispanics, patients of low
socioeconomic status, and the elderly; differences that largely
stem from reduced access in these groups [12]. However, patient
education, digital literacy, and other factors are possible
contributors as well [13]. This trend is especially concerning
given the increased prevalence of cardiovascular risk factors in
these populations [3,14,15]. The increased CVD risk coupled
with the perceived lack of benefit from digital health tools has
been termed the “digital divide.” This divide raises the question
of whether these tools provide similar benefit in terms of CVD
risk reduction to all users, and if further investigation into groups
based on both socioeconomic background and ethnic group may
provide more insight.

Previous work from our group examined the usage of a digital
health intervention (DHI) as part of a workplace health program
(WHP) to determine association with cardiovascular risk factors
[16,17]. These previous data provided evidence that DHI usage
and benefit, particularly with regard to weight loss over one
year, was dependent upon race. In an effort to further explore
the digital divide, we utilized publicly available data from the
American Community Survey (ACS) cross-referenced with the
WHP in a retrospective secondary cross-sectional analysis to
determine the relationship between income and DHI use through
the lens of race, gender, and age. We hypothesized that DHI
use would increase with median income and that the relationship
would vary among racial and gender subgroups.

Methods

Employee Recruitment and Study Parameters
As described previously [16,17], between 2011 and 2014
CareHere, LLC (Nashville, TN) created and implemented an
incentive plan for employees to improve health across 81
employers in 42 of the United States, encompassing 30,974
employees from a variety of ethnic backgrounds and in a variety
of occupations in governmental, white collar, and blue-collar
settings. CareHere, LLC’s onsite clinic vendor managed the
individual programs and tracked results both manually and with
the Online CareHere Connect Personal Health Assistant
designed and produced by Healarium, Inc (Dallas, TX). All

employees enrolled in the employer-sponsored health insurance
program were offered the opportunity to complete the biometric
screening. The DHI software implementations were branded to
each employer but were similar in that they covered basics of
CVD prevention that were conceived and designed by CareHere.
Delivery methods and interventions did not vary by employer.
Employees were given the choice to use the available digital
health component of the program upon the initial intake but
were not consented at the time of entry, as de-identified data
were to be used in the analyses. Race was included as a
self-identified attribute at the initial visit. The multivariate
analysis was limited to the three predominant racial groups
(black, Caucasian, and Hispanic), while other racial groups were
excluded due to a small sample size, with the largest identifiable
group of others being Asian with approximately 200 individuals.
The study and consent process were approved by the
Institutional Review Board of Mayo Clinic. No extramural
funding was used to support this work. The authors are solely
responsible for the design and conduct of this study, all study
analyses, and drafting and editing of the manuscript.

Standard laboratory blood tests including fasting lipid panels
and serum glucose values were assessed at baseline and every
90 days for one year for those participating, and were paid for
through their WHP and/or insurance. The patients’ primary
health care providers assessed blood pressure, height, weight,
and administered the health behavior questionnaires at baseline
and every 90 days in a standard fashion. Employees were asked
to follow-up with a health care provider every 90 days for the
duration of their WHP (at least one year) to review results and
see if all health benchmarks set by the employer were met.

Digital Health Intervention
The DHI studied here has been described previously [16,17];
the log-in screen is visualized in Figure 1. In brief, it is a
platform that is accessible online through a desktop and
smartphone-based portal which provides educational materials
and concrete health improvement tasks, while the app collects
data on the number log-ins to the app via mobile or desktop
platforms. Upon enrollment, participants upload baseline data
and additional data is compiled as they progress through the
program. The platform provides individualized care plans based
on medical comorbidities such as obesity, hyperlipidemia, and
diabetes, including health status information tasks, targets, and
plans that encourage the adoption and maintenance of a healthier
lifestyle for improved wellness without physician intervention.
Communication occurs directly in the app on a smartphone or
desktop as well as through email and short message service
(SMS) text messaging. These means of communication can be
tailored to user preference in the app’s settings. The number of
instances an individual logged into the app throughout the one
year studied (log-in frequency) was recorded; this did not
include email or SMS messages sent from the app to the user.
There were no requirements for log-in frequency. The software
directly communicates with an electronic health record that
captures International Classification of Diseases codes, medical
diagnoses, medical information, demographic information, and
lab and vital sign values.
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Figure 1. Digital health app mobile and desktop. A) Initial menu and tasks screen of the mobile app; B) My Health visual scales screen within mobile
app; C) Desktop version of the digital health intervention. Displayed is the log-in screen that greeted participants following log-in.

Socioeconomic Data
The ACS is an ongoing statistical survey conducted by the
United States Census Bureau [18] that has been used extensively
in clinical research in a similar context [19,20]. The ACS is sent
to approximately 3.5 million Americans annually and collects
information regarding ancestry, educational attainment, income,
language proficiency, migration, disability, employment, and
housing characteristics. The ACS is the largest survey
administered by the Census Bureau aside from the decennial

census. Aggregate data from the ACS is publicly available
through American Fact Finder [18]. A query was placed to
determine 5-year median income information by zip code from
2008-2013. These zip codes were cross-referenced with the
residential zip code for the study participants in order to obtain
the residential median income for each participant.

Statistical Analyses
Statistical analyses were performed by an independent
statistician (KB). Baseline characteristics were summarized by
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frequency percent or by mean and standard deviation and were
compared between ethnic groups by analysis of variance
(ANOVA) tests or by chi-square tests. Log-in frequency was
analyzed in two ways. First, simple and multiple linear
regression was used to predict log (1+ “number of log-ins”) as
a function of demographic variables: age, sex, ethnicity, and
income. A model with only main effects, as well as a second
model including all 2-way interactions, was fit. The second
method, for verification only, involved a Poisson regression
model with “log-ins” as the count variable to be predicted, with
a logarithmic link function. The same models with main effects
only, and including 2-way interactions, were used.

Results

Baseline demographics of participants from Caucasian, black,
Hispanic, and other groups are shown in Table 1. Participants
were predominantly Caucasian (22,278/30,953, 71.97%) and
represented 42 separate states. Actual differences between the
groups in baseline characteristics were small, but statistically
significant differences were seen in all categories except gender
and low-density lipoprotein cholesterol measurement. The cohort
was found to represent a wide range of socioeconomic
backgrounds from a median income of US $11,000 to $171,000
from 2530 separate residential zip codes. The lowest median
income of US $11,021 represented an area of Chattanooga, TN
and the highest represented Southlake, TX with a median income
of US $170,975.

In an additive model, all four demographic variables yielded
significant independent effects on log-in frequency; this is

displayed in Figure 2. Racial groups showed wide variation in
average annual log-in frequency. With the Caucasian majority
used as a reference, there was an increase in utilization of 4.68%
(P<.001) in Hispanics, and a decrease of 27.17% (P<.001) in
blacks. Increasing age was positively associated with DHI log-in
frequency, with a 10-year age increase associated with an
average of 1.54% (P=.003) increase in log-ins. However, this
result differed significantly by racial group. Overall, female
participants had a 32.59% higher log-in frequency compared to
their male counterparts. The interaction of gender and race
showed that female gender was consistently associated with
increased usage among all racial groups; however, there was
considerable variability. Black women showed the strongest
gender association with a female to male ratio showing a 18.94%
increase and Hispanic women showing a 3.04% increase (both
P<.001) compared to the female to male ratio in Caucasians.

Figure 3 displays the relationship between log-in frequency and
median income of associated zip code. Caucasian participants
showed a very modest nonsignificant (3.03%) increase in usage
with a doubling of median income. Black participants showed
a much larger increase in utilization related to a doubling of
median income (40.48%; P<.001). Similarly, Hispanic
participants also saw a larger increase of monthly log-ins per
doubling of median income of 57.8% (P<.001). Differences
between each group were statistically significant. Median
income by associated zip code had separate effects in male and
female groups, with females showing a 14.73% (P<.001) smaller
effect of a doubling of income compared to males.

Table 1. Baseline characteristics of workplace health program participants. Cardiovascular risk factors were those collected at initial enrollment visit.
Continuous variables are shown with standard deviation. P values were derived with ANOVAs to compare means for continuous variables. Chi-square
tests were used to compare proportions for categorical variables.

P valueOtherHispanicBlackCaucasianParameter

47651212269822,278Participants (n)

<.00146.2 (13.4)45.0 (11.0)48.2 (11.0)48.6 (11.3)Age, years (SD)

.1143414442Sex, male (%)

<.001190.8 (50)193 (57)214 (51)197 (50)Weight, pounds (SD)

<.00136.7 (7.1)37.1 (6.5)39.3 (7.4)37.3 (7.0)Waist circumference, inches (SD)

<.00129.8 (6.9)31.6 (6.9)33.3 (7.7)30.6 (7.2)Body mass index, kg/m2 (SD)a

<.001122 (15)122 (14)127 (15)123 (14)Systolic blood pressure, mmHg (SD)

<.00177.4 (10)78 (10)80 (10)77 (9)Diastolic blood pressure, mmHg (SD)

<.001135.8 (84)155 (106)104 (67)140 (100)Triglycerides, mg/dL (SD)

.64111 (33)111 (32)112 (33)111 (32)Low-density lipoprotein cholesterol, mg/dL (SD)

<.00151.8 (15.2)49.8 (13.8)53.6 (14.1)52.1 (15.1)High-density lipoprotein cholesterol, mg/dL (SD)

aWindsored at body mass index: 70
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Figure 2. Relative log-in frequency based on demographic variables. The effect of individual demographic variables on log-in frequency to the digital
health application. All values are reported as relative changes in log-in frequency, with age compared to 10 years younger, females being compared to
males, and with Hispanic and black groups being compared with Caucasians.

Figure 3. Log-in frequency as determined by combined effect of race and socioeconomic environment. The relationship of monthly log-in frequency
by median income of associated zip code separated by racial group. The Y axis displays annual log-ins to the digital health interventionand the X axis
displays median annual income of the associated zip code. Differential effects of race on income were statistically significant (P<.001).

Discussion

This retrospective secondary cross-sectional analysis
demonstrated that socioeconomic status, as derived from the
zip code of residential addresses, had a significant effect on
digital health usage in this large cohort of working adults.
Among Caucasians, the frequency of DHI log-ins showed a
small nonsignificant increase as socioeconomic status increased.
In comparison, Hispanic participants saw a>50% increase in
log-in frequency with a doubling of income and black

populations displayed a>40% increase. The current study may
have significant implications for future design and
implementation of digital health and personalized health care
delivery.

Previous studies have identified decreased digital health
engagement in people of low socioeconomic status [11,21,22]
and in racial minorities [11,23]. Our study reaffirms these
findings in individuals of both low socioeconomic status and
minority racial backgrounds. However, our study is the first to
identify a differential relationship between increasing
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socioeconomic status and utilization according to race; it is also
the first to identify minorities of high socioeconomic status to
be more frequent digital health users than their Caucasian
counterparts.

These results expand upon our previous DHI findings and
demonstrate that baseline racial and socioeconomic
characteristics were predictive of DHI log-in frequency [16,17].
Furthermore, female sex was strongly associated with a
significant increase in log-in frequency. This correlation had
been identified in previous digital health usage studies that
addressed online health information seeking and health care
communication [24]. Kontos et al examined the Health
Information National Trends Survey and found that women
were more likely to use health care and user-generated content
domains [11]. The mechanism behind these findings may be
increased engagement in online health care activities as well as
increased use of social media by women as a whole [25,26]. In
contrast to previously published work [11,23], but in line with
our previous work in this cohort, age in our study was associated
with increased DHI across ages from 23 to 88 years. While the
increased usage was modest at 1.54% for every decade of age
increase, it was notable that the association was positive. This
result may be because our study focused on a working age
population, which is a group that is more likely to be digitally
literate. Individuals beyond working age may not show this
increased usage due to decreased access or diminished digital
literacy [26,27]. The disparity in log-in frequency by racial
groups is especially notable for the highest log-in frequency
being among Hispanic participants. Given that increasing age
and racial minorities are known associations with worsening
cardiovascular risk factors, these new findings may have
implications on the use of digital health-based interventions
moving forward. For example, future apps may need to be more
individually tailored based on underlying user demographics.

This study adds to a growing body of evidence that
socioeconomic status affects the utilization of digital health
tools. It is notable that the populations in this study were
working adults: not included were jobless, disabled, or retired
individuals; populations that are likely to have lower incomes
and more medical comorbidities. Even with this healthier and
more affluent portion of the population, socioeconomic status
appears to play a significant role in the utilization of this digital
health tool. More work is needed to assess a possible mechanism
for this finding, however digital health literacy is a possible
consideration. Previous research has documented low digital

health literacy in these groups [13,26,27]. The fact that our study
took place as part of a WHP also raises the question of whether
this relationship had an effect on DHI usage. Although all Health
Insurance Portability and Accountability Act requirements were
followed, participants could have perceived poorer health as a
threat to job security. Future research into user satisfaction and
concerns is necessary to further elucidate whether this factor
generated an important effect on the results seen in the study.

To our knowledge, no previous study has directly investigated
the differing effectiveness of digital health tools based on race
and income simultaneously. While more mechanistic studies
are needed to elucidate a cause-effect relationship, this study
clearly adds to the growing body of evidence describing a digital
divide within low-income minorities. The increased usage
among minorities of a more affluent socioeconomic background
raises several pressing questions about the future of digital
health tools. Further research may be able to identify the roots
of this gap and find ways to apply these findings to minority
groups of lower socioeconomic backgrounds. While true that
the design and usability aspects of DHIs should be focused on
real-world usability studies with socioeconomic variables as
secondary considerations, these data underscore the importance
of inclusion in DHI design and implementation.

This study relies on data from the ACS, which provides median
income by zip code for individuals in the study, that has been
used in a similar fashion previously [19,20]. These values
approximate the individuals' socioeconomic environment but
are an imperfect correlate for incomes. The use of ACS data
assumes an identical median income for all participants with
the same residential zip code. A better measure of income may
be through participant survey; however, this was not conducted
at the time of the study. Follow-up for this study was limited
to one year and the durability of these findings over a longer
duration are unknown. Future research to investigate causal
mechanisms for these observations is necessary to realize
equitable gains from DHIs in the workplace and digital health
as a whole.

In conclusion, the combination of socioeconomic background
and race has a dynamic effect on digital health tool usage in a
working adult population, with black and Hispanic populations
showing a positive association with increased affluence. Future
research may be directed at leveraging high-use affluent
minorities to extrapolate strategies to bridge the digital divide
in low-income minorities.
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Abstract

Background: There is much interest in virtual consultations using video technology. Randomized controlled trials have shown
video consultations to be acceptable, safe, and effective in selected conditions and circumstances. However, this model has rarely
been mainstreamed and sustained in real-world settings.

Objective: The study sought to (1) define good practice and inform implementation of video outpatient consultations and (2)
generate transferable knowledge about challenges to scaling up and routinizing this service model.

Methods: A multilevel, mixed-method study of Skype video consultations (micro level) was embedded in an organizational
case study (meso level), taking account of national context and wider influences (macro level). The study followed the introduction
of video outpatient consultations in three clinical services (diabetes, diabetes antenatal, and cancer surgery) in a National Health
Service trust (covering three hospitals) in London, United Kingdom. Data sources included 36 national-level stakeholders
(exploratory and semistructured interviews), longitudinal organizational ethnography (300 hours of observations; 24 staff
interviews), 30 videotaped remote consultations, 17 audiotaped face-to-face consultations, and national and local documents.
Qualitative data, analyzed using sociotechnical change theories, addressed staff and patient experience and organizational and
system drivers. Quantitative data, analyzed via descriptive statistics, included uptake of video consultations by staff and patients
and microcategorization of different kinds of talk (using the Roter interaction analysis system).

Results: When clinical, technical, and practical preconditions were met, video consultations appeared safe and were popular
with some patients and staff. Compared with face-to-face consultations for similar conditions, video consultations were very
slightly shorter, patients did slightly more talking, and both parties sometimes needed to make explicit things that typically
remained implicit in a traditional encounter. Video consultations appeared to work better when the clinician and patient already
knew and trusted each other. Some clinicians used Skype adaptively to respond to patient requests for ad hoc encounters in a way
that appeared to strengthen supported self-management. The reality of establishing video outpatient services in a busy and
financially stretched acute hospital setting proved more complex and time-consuming than originally anticipated. By the end of
this study, between 2% and 22% of consultations were being undertaken remotely by participating clinicians. In the remainder,
clinicians chose not to participate, or video consultations were considered impractical, technically unachievable, or clinically
inadvisable. Technical challenges were typically minor but potentially prohibitive.

Conclusions: Video outpatient consultations appear safe, effective, and convenient for patients in situations where participating
clinicians judge them clinically appropriate, but such situations are a fraction of the overall clinic workload. As with other
technological innovations, some clinicians will adopt readily, whereas others will need incentives and support. There are complex
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challenges to embedding video consultation services within routine practice in organizations that are hesitant to change, especially
in times of austerity.

(J Med Internet Res 2018;20(4):e150)   doi:10.2196/jmir.9897

KEYWORDS

remote consultations; diabetes mellitus; ethnography; interviews; organizational case studies; health systems

Introduction

Background
Outpatient services, particularly for people with long-term
conditions, have changed little in recent decades. Yet, in many
countries, population demographics, disease epidemiology, and
care priorities have changed a great deal, with, for example, an
aging population, rising rates of chronic illness and
multimorbidity, and an increasing emphasis on multidisciplinary
team care and supported self-management. Outpatient
nonattendance rates in some patient groups, especially the
disadvantaged and those with multiple and complex needs, are
high and may be associated with poor disease control, increased
use of emergency services, and high costs [1,2]. Patient-borne
costs (in terms of time and travel) of attending outpatient
appointments are high, especially for tertiary care [3-5].

There is a strong policy push in the United Kingdom [6-9] and
elsewhere [10-12] to harness the potential of digital technologies
to improve care models and redesign care pathways in a way
that improves the accessibility and efficiency of services and
maximizes the potential for patient self-management. The UK’s
National Information Board recently argued that a different kind
of health service is needed, in which the traditional outpatient
consultation will become increasingly obsolete [8]. Remote
video consulting using Skype or FaceTime is one potential
solution.

Published research on video outpatient consultations has been
summarized in several recent narrative reviews [13-15].
Randomized controlled trials (RCTs) have shown such
consultations to be acceptable, safe, and effective (and, when
measured, to reduce patient-borne costs) in patients deemed
clinically eligible in a range of conditions, including adult and
teenage diabetes [16-18], chronic kidney disease [19], chronic
obstructive pulmonary disease [20,21], mental health conditions
[22,23], chronic pain [24-26], support after premature birth [27],
support of patients in care homes [28], postoperative follow-up
for orthopedics [29-32], plastic surgery [33], and prostate cancer
[34].

However, all these trials were small; publication bias cannot be
excluded, uptake rates were not always reported, and the cost
of establishing and maintaining the remote service was rarely
measured. Although no specific safety issues or critical events
were reported in any of the above studies, exclusion or
withdrawal rates in some studies were high [18,23,25].

Notwithstanding the positive findings of randomized trials,
audits of actual practice suggest that video outpatient
consultations, in common with other forms of telehealth, account
for only a tiny fraction of encounters in any specialty [35,36].
Nonadoption, abandonment, and failure of scale-up, spread, and

sustainability (the NASSS framework) are the norm when
technology-supported service models are introduced in
real-world settings for multiple and complex reasons [37-39].
In the words of one critic, the benefits of Skype- and
FaceTime-supported outpatient services demonstrated in
proof-of-concept studies and experimental trials should be
weighed against contextual realities, including “the vagaries of
technology, negative views among clinicians, poor uptake by
providers, and legal, ethical and administrative barriers” [40].

Some authors have queried whether video consultations might
be less reliable [41-43], less safe [44], and less cost-effective
than traditional encounters [40]. The online environment is
known to produce subtle alterations in the dynamics of human
interaction, with a potential risk that clinical clues will be missed
or the clinician-patient dynamic altered adversely [45]. The
introduction of video outpatient consultations also brings
operational and cultural challenges, including the need to
develop new ways of organizing clinical and administrative
work and train and support both staff and patients in technology
use [37,46].

In short, there is a growing mismatch between the positive
evidence base emerging from experimental trials and the
variable (mostly negative) experiences of teams who try to
introduce video outpatient services in the real world [35,36].
The discussion sections of randomized trial reports often suggest
that further research is needed into implementation
challenges—especially national policy and economic context,
the practicalities and costs of organizational change, and the
fine-grained detail of how video consultations unfold (in
particular, how “quality” and “safety” are achieved and assured)
[17,25]. No previous studies have addressed all these issues and
their interdependencies rigorously and prospectively. Yet, such
research is critical to enrich our understanding of video
consulting and to inform and support the development and
scaling up of such services. For this reason, we undertook an
in-depth, real-world case study of an attempt to introduce video
outpatient consultations across several clinical services (in three
different hospitals) in a London-based acute trust.

Aim, Objectives, and Research Questions
Our aims were (1) to define good practice and inform its
implementation in relation to video outpatient consultations via
Skype and similar media and (2) to generate transferable new
knowledge about challenges to scaling up and routinizing this
service model in health care organizations.

Specifically, our objectives were as follows:

1. At macro level, to build relationships with key national
stakeholders, identify from their perspective how to
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overcome policy and legal barriers, and create a receptive
context for our findings.

2. At meso level, to illuminate and explore the sociotechnical
system that supports the video consultation at organizational
level and identify how organizations can best support the
introduction and sustainability of this service model where
appropriate.

3. At micro level, to study the clinician-patient interaction in
a maximum variety sample of video consultations and a
comparator sample of face-to-face consultations, exploring
both effective and less effective communication.

Our research questions were as follows:

1. Macro level: what is the national-level context for the
introduction of video outpatient consultations in the United
Kingdom, and what measures might incentivize and make
such consultations easier to achieve?

2. Meso level: how can a video consultation service best be
established, routinized, and sustained?

3. Micro level: what defines “quality” in a video consultation,
and what are the barriers to achieving this?

Methods

Outline
We have published a detailed study protocol previously [14];
this section provides a summary and refinement of our sampling
and analytic approach.

Study Design
The multilevel, mixed-method study of video outpatient
consultations in three hospital departments (diabetes, antenatal
diabetes, and cancer surgery: micro level), embedded in an
organizational case study of the introduction and rollout of this
new service model (meso level), taking account of the evolving
national context (macro level), was used.

Setting
The research took place from 2015 to 2017 in Barts Health, a
large, multisite acute trust in a socioeconomically deprived and
multiethnic borough in inner-city London, United Kingdom.
The organization was under pressure to deliver services more
cost-effectively while responding to rising need and demand;
outpatient clinics were crowded, and travel to and between its
multiple sites was difficult, time-consuming, and (for patients
on low incomes) costly.

Clinicians in the diabetes service had been working for several
years to establish a remote video option for outpatient
consultations to improve accessibility and address high “did
not attend” rates. In an early pilot study, we found high
acceptance rates by staff and patients for the video option, a
significant reduction in “did not attend” rates and small
efficiency savings [47,48]. We subsequently demonstrated
greater engagement, improved self-management, and better
glycemic control in patients with challenging social
circumstances and a history of defaulting from appointments

who were offered the option of video consultations (see
Multimedia Appendix 1 for our 2014 Diabetes Review,
Engagement and Management via Skype [DREAMS] report).

This study occurred at a time when the trust was seeking to
learn from the diabetes pilot and make video outpatient
consultations part of business as usual whenever clinically
appropriate. We worked mainly with three services on separate
sites in east London: diabetes (adult and young adult), which
had been piloting the virtual consultation model; antenatal
diabetes, which sought to use such consultations to support
close (sometimes daily) monitoring of diabetes in pregnancy;
and hepatobiliary and pancreatic cancer, a tertiary care service
to which patients were sometimes referred from beyond London,
requiring a round trip of several hours. By the end of the study
period, other specialties at Barts Health (including neurology,
rheumatology, hematology, and endocrinology) had begun to
introduce video outpatient consultations.

Project Management and Governance
The study was delivered by a core working group (TG, SV, JW,
JM, and SS), supported by a 6-monthly independent steering
group and a patient advisory group (see below). The steering
group had a lay chair and cross-sector stakeholder
representation, including patients, National Health Service
(NHS) stakeholders, and national-level decision makers (details
in Multimedia Appendix 2). The study received ethics approval
from City Road and Hampstead NHS Research Ethics
Committee on December 9, 2014 (reference 14/LO/1883) and
subsequent amendments.

Participants and Data Sources
We collected data over a 28-month period from 36 national-level
stakeholders; 24 staff at Barts Health (9 clinicians, 5 managers,
3 technical support staff, 7 administrative support staff); and a
total of 50 patients. Data sources are summarized in Table 1
and described in more detail below.

Sampling and Data Collection: Macro Level
We began with individuals charged with delivering information
technology (IT) strategy in NHS England, as well as those
leading on patient participation. Alongside review of policy
documents (from 2000), we used snowball sampling (asking
each interviewee to nominate a colleague) to build up a picture
of the national context. We invited a maximum variety sample
of 39 stakeholders from across government (eg, NHS England,
Care Quality Commission, and NHS Improvement), professional
organizations (eg, Royal College of Physicians and Medical
Protection Society), patient groups (eg, National Voices),
industry (eg, Microsoft), and charitable and third sector
organizations (eg, Health Foundation), of whom 36 agreed to
talk informally with the study team (3 were uncontactable). We
then undertook audiotaped, semistructured interviews with a
purposive sample of 12 of these stakeholders, ensuring variation
in the different institutions, groups, and perspectives represented.
Stakeholder details and interview guides are available in
Multimedia Appendix 2.
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Table 1. Overview of multilevel data collection and analysis in Virtual Online Consultations: Advantages and Limitations (VOCAL) study.

Higher order categoriesFirst-order interpretationType and nature of dataData source

External social structures such as political, regula-
tory and economic context; background and context
to multilevel analysis

Historical and policy drivers for
the move to video consulta-
tions; system-level blocks

Accounts of national-level stakeholders
(36 informal and 12 formal semistruc-
tured interviews); 50 national-level doc-
uments from 2000 onwards (including
policies, guidance, and national-level
announcements)

Macro-level study of
the wider context for
introducing video
consulting

External social structures (such as professional
standards and definitions of excellence, symbolic
meaning of illness); internal social structures (what
actors “know” and how they interpret the strategic
terrain, such as “scripts” held by patients and staff
about how they should behave and how they change
over time); assumptions built into the technology
about, for example, capability of users, how people
interact, privacy and consent, the nature of clinical
work and routines and how all these interact

Key interactions and interdepen-
dencies; key organizational
routines and how these are
changing over time

Accounts of 24 staff involved in deliver-
ing video consultations; approximately
300 hours of observations across 3 clin-
ics; 16 documents (eg, operating proce-
dures and meeting minutes) and re-
searcher field notes about people and
technologies delivering video consulta-
tions; diagrams and accounts of how
people, technologies, and clinical work
relate and interact

Meso-level study of
organizational
change

External social structures (such as professional
standards and definitions of excellence, symbolic
meaning of illness); internal social structures (what
actors “know” and how they interpret the strategic
terrain, such as “scripts” held by patients and staff
about how they should behave and how they change
over time); assumptions built into the technology
about, for example, capability of users, how people
interact, privacy and consent, the nature of clinical
work and routines and how all these interact

What is said and done in (video
and face-to-face) consultations;
unfolding interaction and
strategies for communication;
how technology shapes and
constrains (video and face-to-
face) consultations; how partic-
ipants felt

Video-recording and screen capture (at
patient end and clinician end) of 30 vir-
tual consultations (18 diabetes, 12 can-
cer); field notes from before or after the
consultation at patient and clinician end

Micro-level study of
virtual consultations

External social structures (such as professional
standards and definitions of excellence, symbolic
meaning of illness); internal social structures (what
actors “know” and how they interpret the strategic
terrain, such as “scripts” held by patients and staff
about how they should behave and how they change
over time); assumptions built into the technology
about, for example, capability of users, how people
interact, privacy and consent, the nature of clinical
work and routines and how all these interact

What is said and done in (video
and face-to-face) consultations;
unfolding interaction and
strategies for communication;
how technology shapes and
constrains (video and face-to-
face) consultations; how partic-
ipants felt

Video-recording of 17 face-to-face con-
sultations (12 diabetes, 5 cancer); field
notes from before or after the consulta-
tion

Micro-level study of
matched face to face
consultations

Background and context to multilevel analysisAcceptability/popularity of the
service; demographic data (eg,
uptake by age or ethnicity);
failed encounter rate; risk of
missing serious problems; con-
sultation length

Number of patients offered video consul-
tation option and proportion who accept
and persist with it; start and finish time;
DNA rate for video and face-to-face op-
tions; unscheduled encounters (eg, urgent
care) for index condition

Descriptive and de-
mographic data in
the video consulta-
tion service

Sampling and Data Collection: Meso Level
The goal of sampling was to map the people, interactions, and
organizational routines that support the virtual consultation with
a view to building a rich “ecological” picture of the
sociotechnical microsystem [49] (and its wider embedding in
the organization) needed to make this service model work as
business as usual. We began from participating clinics, mapped
the individuals and technologies involved there, and then moved
outwards to include, for example, finance and clinical
informatics departments.

In total, we conducted over 300 hours of observation of
consultations and the clinical and administrative work supporting
them, combined with semistructured or naturalistic interviews
(asking people “on the job” what they are doing and why they
are doing it, as people often find it easier to talk about the detail
of their job while they are actually doing it [50]) with 24 staff.

We also collected 16 local documents (business plans, informal
guides, emails, and minutes of meetings) and descriptive
statistics from each clinic.

Sampling and Data Collection: Micro Level
We used audio, video, and screen capture to produce rich
multimodal data on a total of 30 virtual consultations and made
audio recordings of 17 face-to-face recordings matched for
clinical condition (in which the clinician stated the encounter
could have happened virtually). Details of these consultations
are shown in Table 1. We sought maximum variation in age;
ethnicity; and clinical, social, and personal circumstances. It
was a precondition of ethical approval that clinicians were able
to exercise judgment about which patients to invite to join the
study.

Specific exclusion criteria were as follows: no 3G access at
home, lack of familiarity (by patient or carer) with the relevant
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technology, clinical inappropriateness (eg, need for direct
physical examination), inability to give informed consent, and
comorbidity preventing participation (eg, severe visual
impairment). Clinic populations included a high proportion of
limited English speakers. In the young adult diabetes clinic,
bilingual health advocates were available and trained in the use
of remote consulting, so limited English was not an exclusion
criterion there. In the antenatal diabetes and cancer clinics, a
remote interpreting service was not available, but patients
comfortable with a family member interpreter were included.

Our micro-level dataset consisted of video recordings of
consultations incorporating two video streams: one from the
clinic and one from the remote site (typically the patient’s
home). We recorded consultations using a small digital
camcorder with wide-angle lens and remote control (Sony
Handycam DCR-SR72), mounted on a mini tripod. We used a
commercially available screen capture software tool (ACA
Systems) run directly from an encrypted Universal Serial Bus
(USB) stick to record screen images showing on each party’s
computer screen as a video file. A researcher started and stopped
the recordings but left the room during the consultation. When
the patient used a mobile, tablet, or Mac computer (which could
not run the encrypted USB device), the researcher positioned a
second digital camera to capture the screen. In 12 cases, the
consultation was recorded at the clinic end but not at the patient
end for logistical or patient preference reasons.

Each end of the consultation resulted in 2 digital files, one screen
capture and one video. We synchronized these into one file
using video editing software (Sony Movie Studio)—allowing
us to play the video of the computer screen exactly in parallel
with a video of the patient looking at the screen and to view the
patient and clinician “ends” in parallel. Face-to-face
consultations were audiorecorded using a digital dictaphone.
Further details of the informed consent process are given in
Multimedia Appendix 2.

The micro-level dataset also included contemporaneous field
notes from patients’ homes (eg, material circumstances) and
the clinic (eg, physical surroundings and use of paper or
electronic records). We also collected demographic data (age,
gender, and ethnicity) on patients using the Skype option for
remote consulting and (for comparison) on the clinic population
as a whole over a 12-month period at each clinic setting.

Theoretical Framework
In our original study protocol [14], we drew on a
technology-enriched version of Giddens’ structuration theory
[14], which proposes a dynamic and reciprocal link between
(1) the external social environment, (2) human interpretations
and action, and (3) technologies; it considers how the
relationship between these evolves over time, each shaping the
others. For example, the theory explores how human action
reproduces and reinforces social norms; how societal
expectations (including professional norms and codes of
practice) influence the “scripts” built into technologies; how
technologies, through their functionality and affordances, make
some actions possible but others impossible; and how laws,
regulatory restrictions, policy priorities, and professional codes

of conduct mean that even when an action is technically and
physically possible, it is not in reality an option [51].

The health care setting is heavily institutionalized (ie, our
behavior is influenced primarily by expectations of how we
should or must behave in this setting rather than simply by
economic or personal concerns, such as maximizing efficiency
or pleasure). In such circumstances, behavior is often ritualized
(ie, we know and play out the roles expected of us as doctors,
nurses, patients, and so on). A key question driving our data
collection and analysis was how would the technological and
material aspects of the remote consultation shape, enable, and
constrain the playing out of these institutionalized roles and
behaviors.

As the study unfolded, we enriched and extended this initial
theoretical framework with additional material on, for example,
clinical aspects of the illness or condition, the kind of knowledge
that is foregrounded (or backgrounded) by the technology, and
commercial and regulatory considerations. The resulting
theoretical framework (NASSS) has recently been published
[37].

Action Research
As described in detail previously [14], our study was informed
by the principles of action research [52], defined as “a mutual
learning process within which people work together to discover
what the issues are, why they exist, and how they might be
addressed” [53]. Data collected by and with the research team
were fed back formatively to inform development of the service
(for instance, where appropriate, we sought to support plans for
rollout of virtual consultations across the hospital). In the early
stages of the study, we held two formative learning workshops
to feed back our findings. As the study progressed, we were
welcomed into the trust’s existing governance structures
(including an outpatient strategy group set up to drive the rollout
of virtual consultations and the local information governance
department to develop standards and guidance for such
consultations) so bespoke feedback meetings became
unnecessary. We also fed back emerging findings periodically
to national-level decision makers (for instance, relating to
national payment systems) both via bespoke meetings and also
because a national policy maker with responsibility for NHS
IT was on the VOCAL steering group and another worked
closely with us on a related project.

Data Analysis: Macro Level
Interviews with national stakeholders were initially analyzed
thematically to provide context for the statements, actions, and
interpretations made by organizational actors at local level. We
also used interpretive policy analysis [54,55] to identify the key
“storylines” [56] shaping policy and debate around remote
consultations and to surface inconsistencies and ambiguities
between local and national perspectives.

Data Analysis: Meso Level
Our approach to mapping the sociotechnical health care
ecosystem [49] provided detailed data about the logistical and
technical barriers involved in introducing and running remote
consultation services (in diabetes and cancer clinics, as well as
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the wider hospital such as IT and information governance
departments) and workarounds to overcome them. This included
data about issues related to technology, clinic management,
administrative processes, patient enrollment, and the exercise
of clinical judgment. We used diagrams and narrative as
synthesizing devices to draw together a visual representation
and linked verbal account of these human and technical
interactions and interdependencies.

We also drew on the notion of “organizational routines” [57,58]
defined as “recognizable, repetitive patterns of interdependent
action carried out by multiple actors” [59]. Routines are how
organizational life is patterned, and hence, studying them
provides important insights into how innovations such as remote
consultations may (or may not) be assimilated in health care
and how that assimilation changes over time. We identified the
work required (at clinic, departmental, and executive levels) to
“routinize” aspects of the virtual consultation service; examined
the dynamics within and across different routines; and analyzed
the convergence between stated (or proxy) routines, clinician
and staff understandings about how to enact it (ostensive
routine), and the range of ways in which it is then carried out
(performative routine). This allowed us to reveal the tension
between current business as usual and the new ways of working
implied by a video consultation model.

Data Analysis: Micro Level
Our initial analysis of micro-level data involved repeated
viewing of selected virtual consultations and discussion in our
interdisciplinary team (including sociology, linguistics, human
computer interaction, and medicine), alongside review of
interview data with patients and clinicians. This led us to identify
a number of questions relating, for instance, to the ways in
which the context of the consultation (often involving patients
in their home setting and clinician at the clinic) shaped
communication; whether the usual format of the medical
consultation (opening, history taking, examination, diagnosis,
and review) might shift when conducted remotely; how talk
about technology might reorient patient-clinician interaction;
and how sensitive topics (such as breaking bad news) might
play out differently.

On the basis of these early emerging themes, we sought a
methodology to add depth and detail to our findings and
identified the Roter interaction analysis system (RIAS), a widely
used method for coding medical dialogue [60]. Broadly derived
from social exchange theories related to interpersonal influence,
problem-solving, and reciprocity [61-63], RIAS offers a
validated coding system [60], allowing researchers to
systematically quantify the occurrence of different types of talk
that occur during medical encounters that reflects accepted
patient and provider roles and obligations in a “meeting between
experts” [60]. It has been used extensively to analyze
face-to-face consultations but rarely in remote settings. We
identified one paper (a conference proceeding) that explored
the theoretical potential of RIAS in technology-mediated
consultations [64], 3 small empirical studies in different clinical
conditions [65-67], and a validation study of new RIAS codes
for technology-related talk [68].

Roter’s original taxonomy distinguishes three main categories
of talk: “task-focused” (eg, application of medical expertise to
diagnose and manage disease), “socioemotional” (eg, greeting,
building rapport, and showing concern), and “process” (eg,
inviting the patient to sit down). In this study, we also used a
fourth category: “technology talk” (eg, that the picture is fuzzy),
initially introduced by other researchers [66,68] and adapted
and extended by our own team. Table A1 in Multimedia
Appendix 2 shows the high-level clusters and more detailed
categories used in RIAS with examples drawn from our data.

Following a 3-day training course delivered by the team that
originally developed RIAS, we applied the RIAS coding scheme
to our micro-level data, addressing five questions about the
differences between virtual and face-to-face consultations for
the same clinical condition:

1. Are remote consultations shorter and more “to the point”
than face-to-face ones?

2. How do they differ in the different kinds of
(nontechnology-related) talk that occurs?

3. What kind of technology-related talk occurs?
4. What kinds of breaches (misunderstandings, “repairs,” and

so on) of talk occur in virtual consultations, when do such
breaches occur, to what extent do they matter, and how
might they be reduced?

5. How do interruptions (in the patient’s home and/or in the
clinician’s office) affect the flow of talk in the virtual
consultation?

The assumptions for normal distribution of the data were not
accepted (Shapiro-Wilk normality test was significant at P<.05).
Therefore, Mann-Whitney U tests (nonparametric) were used
to compare interactions for virtual and face-to-face
consultations.

Patient Involvement Statement
The initial impetus for introducing virtual outpatient
consultations in the diabetes service was from service users
(many from deprived socioeconomic backgrounds and/or
minority ethnic groups) who found it difficult to attend
face-to-face appointments. As noted above, the VOCAL steering
group had a lay chair and patient representation. In addition,
we sought ongoing patient feedback on both the research process
and the developing video outpatient services at Barts Health
via a dedicated patient advisory group, with 12 patients (and
one spouse) representing a wide range of ages and ethnic groups
and facilitated by an anthropologist with close knowledge of
the local community. This group met three times throughout
the study, supplemented with ad hoc contact with individual
members (eg, to invite input on lay summaries). In one of the
meetings, the patient advisory group was shown (with the
written consent of participants) two video clip recordings of
virtual consultations as the basis for discussion. In addition,
some preexisting lay groups (one antenatal group consisting of
9 mothers and one spouse, a peer support group for gestational
diabetes, and a young people’s peer support group for diabetes)
and a cancer support charity were consulted to extend the range
of patient and lay input.
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Results

Macro-Level Findings
The external context for technological innovation in the UK
public sector is currently extremely challenging. There is a
strong policy push to develop UK’s digital economy [69-73],
digital government [74-77], and digital health [7,8,70,78-85].
We found no national policy specifically relating to the
introduction of virtual consultations. As one senior decision
maker said, “There are pockets of success, and there are certain
vanguards exploring it, there’s bits and bobs. But there’s not
actively a digital fund for telehealth.” Rather, the policy of using
technologies to support new service models appears to be folded
into other programs such as the NHS Five-Year Forward View
(2015-20) [2] and the General Practice Forward View (2016-21)
[86]. The former includes the NHS “vanguards” to test 50 local
innovative service models supported by a dedicated tranche of
innovation funding [87]. An independent review in 2016 of IT
in the NHS called for “new national funding to help trusts go
digital and achieve maximum benefit from digitisation” [7] and
led to the appointment of 12 NHS hospital trusts as “digital
exemplars” with generous additional funding for introducing
new technologies [88].

Notwithstanding these initiatives, constraints imposed by
financial austerity—spending plans, for example, indicate a
decreasing share of gross domestic product being devoted to
the NHS from around 7.3% in 2016 and 2017 to 6.9% by 2022
and 2023 [89]—have meant that there has been a little slack in
supporting the piloting, organizational learning, and extensive
groundwork that is often needed to routinize new technologies
or practices. Low growth in NHS budgets [81] combined with
sustained increases in demand are taking their toll on providers
[90-92].

National-level stakeholders and documents depicted
technological innovation as imminently poised to deliver
efficiency savings in the NHS “at scale” and “at pace”
[81,93,94], thereby helping solve the growing challenge of rising
demand and falling budgets and also producing “a virtuous
circle of economic growth for the UK” [8]. The industry sector
(whether global companies seeking long-term strategic
partnerships or small- and medium-sized enterprises offering
“niche” products) is depicted in these documents as the
innovator and producer of “transformative technologies” [81],
with the implication that the technologies, once produced, will
drive transformation of the NHS. The potential time lag between
adoption of technology and realization of productivity gains (if
any) was rarely acknowledged either by interviewees or in policy
documents.

Few interviewees mentioned low digital literacy and digital
access. In the United Kingdom, 9% of all citizens (and a
disproportionate number of the poor, sick, and elderly) have
never used the Internet [95]. The UK government has an active
digital inclusion strategy [70,71,96], which appears to be
predicated on a “deficit” model (ie, it assumes that with support
and training, everyone will be able and willing to connect
digitally to public services). An alternative perspective, taken
by patient and advocacy organizations, is that digital exclusion

has complex underlying causes linked to the social determinants
of health (eg, poverty, social exclusion, language, and literacy
issues) and that “training” alone will not overcome these [97].

There was broad consensus among national-level stakeholders
that the current evidence base for technology-supported new
service models is weak. However, there were striking sectoral
differences in what kind of evidence stakeholders believed was
needed. Industry interviewees expressed confidence in the “fail
early, fail often” approach of iterating software design to
optimize the use of a technology in a particular setting.
Interviewees from regulatory bodies and professional
organizations appeared keen on qualitative evidence (they
wanted to know more about, for instance, what makes a good
quality remote consultation). In contrast, clinicians and policy
makers placed high value on RCT evidence generated elsewhere
but assumed to be transferable to the current setting [2].

The introduction of virtual consultations was viewed by industry
informants as a particularly difficult and risky aspect of NHS
IT development because it required major changes to service
models and institutional embedding. Suppliers lamented slow
time frames, “decision making by committee,” “so much
duplication,” “consultation about everything,” and the “need
for everyone to go out and evaluate every single thing.”

The prevailing emphasis by NHS England and local providers
on one-off procurement contracts for particular technologies
contrasts with the strategic desire of many industry stakeholders
to develop mature partnerships in which industry commits to
supporting an evolving service via an evolving package of
technology and support. Industry informants were therefore,
perhaps reluctantly, prioritizing business initiatives that rested
on “off-the-shelf” technologies that could be bought, installed,
and made to work with minimal ongoing work to embed,
routinize, and sustain them. They saw greater potential, for
example, in what one industry executive called the “wellness
and wearables market”—technologies that were more or less
freestanding and could often be promoted direct to consumers.

A key issue repeatedly raised by interviewees but rarely evident
in published documents was how reimbursement for virtual
consultations would be implemented. As one senior decision
maker in NHS England told us, “we have a drug tariff that does
prescriptions very well, but we don’t have anything for digital.”

Our analysis highlighted several strands of work being
undertaken by national-level bodies (NHS Improvement and
NHS England) to review payment and pricing. The development
of a national Innovation and Technology Tariff for England has
gone some way to addressing this by removing the need for
multiple local price negotiations (instead assuring
reimbursement when an approved innovation is used) but is
currently limited to 6 specific medical devices or apps and does
not include virtual consultation technologies [98]. The need for
individual provider organizations to negotiate payment for
virtual consultations with local clinical commissioning groups
(even as a temporary “pass through” solution) is likely to be a
significant barrier to national rollout and might also compromise
the long-term sustainability of existing virtual consultation
services. The proposed shift away from activity-based funding
to capitated payments in the NHS could potentially overcome
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this problem but is likely to be several years in development
[2,99,100].

Meso-Level Findings
The action research element of the study meant that we
experienced first-hand the reality of setting up and delivering
the virtual consultation service in a busy public-sector hospital
trust. Despite the fact that Barts Health had been an early adopter
of virtual consultations and a willing partner in the research
proposal, implementation proved far more complex and difficult
than anticipated. One key barrier to progress was the extreme
pressure on human and financial resources. Clinicians,
managers, and technical staff in every department were under
pressure; key posts were unfilled or frozen, and clinics were
very heavily booked.

Early success of video consultations in the diabetes service had
been achieved partly through workarounds (eg, installation and
support of Skype on a small number of machines as a “favor”).
Mainstreaming this same service as business as usual across
the trust—a shift that required many processes and activities to
be formalized and managed centrally—was initially strongly
resisted by the IT department because it threatened to “open the
floodgates” in an overstretched department and risked impacting
the network bandwidth. Yet, support from the IT department
(to set up machines, troubleshoot, provide on-the-job training,
and configure electronic booking systems to log “video”
appointments) was mission-critical, as was the development
and implementation of an information governance protocol to
ensure compliance with legal and regulatory standards around
privacy and data protection. The latter proved extremely
time-consuming even with support from the research team who
worked with key local staff to develop standard operating
procedures and help navigate these through the trust’s approval
mechanisms. The resulting document (see Multimedia Appendix
2) was reviewed and endorsed by the UK Information
Governance Alliance (IGA), who used it as the starting point
for developing national policy guidelines on the use of Skype
and FaceTime across the NHS. We also developed a patient
information leaflet with input from our patient advisory group
and a guidance document for staff on setting up Skype services,
which was used to support rollout across the trust (see
Multimedia Appendix 3).

Although some clinicians embraced the new technology with
enthusiasm, many others were unwilling to try it (claiming to
be “too busy”). Those who did join the study talked positively
in interviews about the high quality of most video consultations
and believed (correctly as it turned out) that video consultations
were generally shorter than the equivalent face-to-face
encounter. However, they also commented that they had had to
take on a number of new roles and practices. These included
triage (judging a patient’s suitability for virtual consultation),
finding appropriate physical space for “private” Skype
interactions outside clinic hours, troubleshooting IT, patient
setup (ensuring the technology worked and supporting patients
with its use), and medical documentation (adjusting to the
different ways in which electronic and paper documents and
other artefacts were used in consultations).

Virtual consultations appeared to work best for long-term
conditions in which the clinician and patient had a preexisting
relationship with a high degree of mutual trust and “common
ground” when interdepartmental coordination over clinical care
was not required, when the need for close physical examination
could be excluded in advance, when there was a clear relative
advantage to virtual consulting (eg, a history of defaulting from
face-to-face appointments or clinical or practical barriers to the
patient traveling), when both parties were confident and
competent with technical issues, and/or when there was a
pressing clinical need to have repeated contacts with the patient.
In the (relatively rare) circumstances in which key clinical,
technical, and practical preconditions were met, video
consultations appeared to be safe and popular with both patients
and staff (patients were particularly positive about convenience
and not having to take time off work).

The many fine-grained differences between the clinic routine
for a face-to-face consultation (see example Figure 1) and a
video one (Figure 2) illustrate why the process of “embedding”
generated both new work for immediate staff and also knock-on
effects elsewhere in the organization. Embedding work broadly
related to four key processes or subroutines: generating data or
information (highlighted gray in Figures 1 and 2), enabling
access to data or information (highlighted yellow), facilitating
patient access through the clinic (highlighted blue), and tracking
the patient through the clinic and care pathway (highlighted
green). Crucially, each of these processes was supported by
technical and physical artefacts, the movement of artefacts
across (virtual and physical) spaces, and the input of multiple
clinical and nonclinical actors.

The physical presence of the patient within the clinic setting
was fundamental to existing ways of identifying, scheduling,
conducting, rebooking, and monitoring patient appointments.
For instance, in Figure 1, the physical presence of the patient
at reception prompted “check in” and generation of the clinic
outcome form: this enabled the nurse assistant to identify the
patient, conduct relevant tests, and record the results on the
form, which in turn enabled the remainder of the consultation
to take place. Embedding virtual consultations in the work of
the clinic involved significant reworking of those processes in
ways that took account of the “virtual” presence of the
patient—as illustrated in Figures 1 and 2 and the additional
examples in figures A1 to A4 in Multimedia Appendix 2. The
extent to which face-to-face consultation routines needed to be
reoriented, and how this reorientation was managed by staff,
varied across the three clinic settings, depending on the people,
technologies, material artefacts, physical and spatial
arrangements, clinical pathways, and assessment procedures
already in place.

Another key challenge to the introduction of video outpatient
consultations was the reconfiguration of the electronic patient
record system to allow the booking of video appointments on
the clinic appointment schedules. Each consultant had a “profile”
on the electronic record through which appointments were
booked by the administration teams. The available appointment
types and time slots that could be booked were configured
according to their existing clinic schedule. The reconfiguration
of the booking schedule to enable the video appointment option
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was managed by the trust’s information and communication
technology (ICT) support department, which developed
protocols for the types of appointments that could be integrated

into staff profiles and specifications for the payment tariff
allocated to these appointments.
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Figure 1. Routine for face-to-face consultation in diabetes adult or young adult clinic.
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Figure 2. Routine for a virtual consultation in the diabetes adult or young adult clinic.

The introduction of the video consultation option in any clinical
service involved a lengthy process of form filling, enquiries
(email or phone), and discussions and agreements among senior
service managers.

By the end of the study, the video option had to some extent
become business as usual in the diabetes adult and young adult
clinic (see Figures 1 and 2) but had evolved in a different way
from the original plan. Although only 3.6% of prebooked
outpatient appointments for the consultant diabetologist were

formally coded on the electronic record as having occurred via
Skype, the actual proportion was much higher because not all
remote consultations were coded as such. This was partly
because a new electronic record system (without a code for
remote consultations) was introduced as part of the service
part-way through the study and partly because of ad hoc
consultations, discussed below.

A significant use of video consultation by Skype was for
supplementary clinician-initiated and/or spontaneous
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patient-initiated encounters (eg, as an ad hoc measure for
keeping in close touch with patients who were undergoing a
temporary period of instability or heightened need). If ad hoc
encounters are added to the denominator, approximately 11%
of all outpatient consultations in the diabetes clinic (and 22%
of the lead diabetologist’s) were undertaken by video. Clinicians
liked the ease with which vulnerable and “hard to reach” patients
could send a message via Skype requesting a virtual encounter,
allowing prompt clinical input that clinicians believed improved
patients’ confidence in self-management, and which in some
cases may have averted a serious complication or hospital
admission. It was not possible to produce a reliable estimate of
the extent to which these ad hoc encounters replaced rather than
added to the clinic’s conventional workload or prevented a
hospital admission.

In the antenatal diabetes clinic (whose detailed routines are
represented diagrammatically in figures A1 and A2 in
Multimedia Appendix 2), only one clinician ever used the Skype
service (for 2% of her encounters), and it was abandoned after
a pilot period. In this (extremely busy) clinic, virtual
consultations aligned poorly with a context involving
multidisciplinary teams (patients were typically consulting
multiple clinicians across departments) with a relatively
short-term but high-risk condition (gestational or preexisting
diabetes in pregnancy) and in the absence of integrated medical
records (paper medical notes being held by the patient and so
not physically present at the clinician end).

In the hepatobiliary and pancreatic cancer clinic (a tertiary
referral service, figures A3 and A4 in Multimedia Appendix 2),
virtual consultations were popular and generally unproblematic
for follow-up after cancer surgery (a time when it was neither
convenient nor clinically recommended for patients to make a
long journey to the clinic). Clinicians reported that the dynamic
of consultations was more relaxed (eg, being introduced to
family members and pets), and some patients said they preferred
to receive bad news (eg, signs of recurrence) in the comfort of
their home without the ordeal of a long journey home afterwards.
The proportion of all cancer follow-up consultations undertaken
via video link rose from 7% to 20% during the course of the
study.

There was no significant difference in demographic
characteristics (age, gender, or ethnicity) between patients using
the Skype option and the overall demographic of the patient
population in the antenatal diabetes and cancer surgery settings.
For adult and young adult consultant-led appointments in
diabetes, there was no significant difference in terms of gender
and ethnicity. However, there was a significant difference in
age profile, with underrepresentation of patients older than 55

years taking up the Skype option (χ2
3[N=307]=11.7, P=.01).

Older patients opting for video consultations usually had a
technology-savvy younger relative who offered to help.

In all virtual consultation services, there were multiple technical
issues to be addressed. These were often easily resolvable, but
not all patients (or staff) were sufficiently skilled or confident

to undertake the necessary “troubleshooting” to achieve and
maintain the video connection or resolve audio quality problems.

The VOCAL study came at a time when senior management at
the trust were turning their attention to rollout of virtual
consultations beyond a handful of clinics—a factor that was
crucial to establishing an outpatient project strategy group
(chaired by the chief medical officer) focused on supporting
local rollout. That work needed to accommodate competing
policy priorities locally and nationally and work with national
policy makers, regulators, and industry partners (including the
IGA, NHS England, Clinical Commissioning Groups, and
Microsoft UK) to find workable ways forward through close
dialogue and practical problem-solving.

Micro-Level Findings
Our micro-level dataset is summarized in Table 2. Key findings
are described below.

The opening sequence of a video consultation was very different
from that of a face-to-face one. In the former, there was
invariably a “technical set-up” phase before clinical talk began.
Clinicians sometimes conducted test calls so the patient could
familiarize themselves with the Skype technology and/or check
that the video and audio worked before the consultation.
Clinicians often talked patients through minor technical
problems while consulting. Examples of video and face-to-face
opening sequences are shown in Textboxes 1 and 2, respectively.

Technical problems included lack of sound, poor sound quality,
loss of picture, and patient failing to activate video. All were
relatively minor and resolved satisfactorily, sometimes through
“workarounds.” For example, poor audio quality in two
consultations required patient and clinician to communicate via
telephone, muting the sounds while simultaneously running the
video display; the problem was later found to be caused by a
letter dictation device plugged into the clinician’s computer.
Technical issues sometimes led to conversational breaches,
typically characterized by concern and/or humor, but the flow
of conversation was usually quickly restored (see Textbox 3 for
illustration).

Face-to-face consultations were characterized by shared physical
space (eg, across the corner of a desk); patients and clinicians
typically engaged together with numerous physical artefacts
(paper notes, diary, smartphone, insulin pen or pump, scraps of
paper, and sticky notes) as consultations unfolded. In video
consultations, both parties had to compensate for lack of shared
space and artefacts (eg, by holding a page up to the screen or
reading aloud from a set of home blood glucose readings).

Apart from technical issues and differences linked to physical
layout, video and face-to-face consultations within any specialty
were strikingly similar. The content and flow of most video
consultations in our dataset appeared to be high quality, though
a small fraction appeared awkward and disjointed, with parties
frequently misunderstanding or talking over each other and/or
needing to seek clarification. Further analysis of these
“awkward” consultations is ongoing, but no major safety
concerns were identified.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e150 | p.372http://www.jmir.org/2018/4/e150/
(page number not for citation purposes)

Greenhalgh et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Overview of consultations in our micro-level dataset.

Ethnicity (n)Age in years, range
(median)

Male or femaleTotal recordedClinic

White British (5); White other (2); Black Caribbean
(1); Asian Bangladeshi (1); Asian Indian (3)

21-50 (23)5 male and 7 female12Diabetes (video)

White British (2); Black Caribbean (1); Asian
Bangladeshi (2); Asian other (1)

21-58 (26)3 male and 3 female6Diabetes (face-to-face)

White British (1); Asian Bangladeshi (1); Asian
other (3); Black Caribbean (1)

30-37 (34)6 female6Antenatal diabetes (video)

White British (0); Asian Bangladeshi (3); Asian
other (1); Asian Indian (1); Black Caribbean (1)

26-36 (33)6 female6Antenatal diabetes (face-to-face)

White British (9); White other (1); Asian Indian (1);
Black Caribbean (1)

55-85 (74)4 male and 8 female12Cancer (video)

White British (2); Asian other (1); Black Caribbean
(2)

45-75 (69)3 male and 2 female5Cancer (face-to-face)

Textbox 1. Example of opening exchange of a virtual consultation for antenatal diabetes. (xx)=length of pause in seconds.

Connection established and video display appears on both patient and clinician screen...

Patient: Ah!

Doctor: Ah hello! (0.53)

Patient: Can’t hear anything. (0.5) Hold on. (1.26) Uh. (2.26) One minute, can’t hear you. One minute, can’t hear you.

Doctor: Are you alright, can you hear me now? (0.04)

Researcher: Can you hear us?

Doctor: I can hear you.

Patient: Is it this one? (0.11) No, no. (1.29) Volume, this one.

Doctor: Hello?

Patient: There it is. Hold on. (0.47) OK, can you hear me?

Doctor: I can hear you, can you hear me.

Patient: Ah, brilliant, yeah.

Doctor: We’re on! Great! How are you?

Patient: I’m fine. Um. (0.27) OK. Um. (0.27) OK.

Doctor: Great. Alright. Now, just looking at what I wrote down at our last meeting, we’d started you on some insulin.

Patient: Yep. (0.04)

Doctor: How’s that been going?
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Textbox 2. Example of opening exchange of a face-to-face antenatal diabetes consultation. (xx)=length of pause in seconds.

Clinician brings patient from the waiting room to the consultation room, and reads through the patient’s maternity folder...

Clinician: Right, so we met last time, we’ve met a few times.

Patient: Mhm.

Clinician: So, you’ve had a scan today.

Patient: Yes.

Clinician: How was the scan?

Patient: The scan was good!

Clinician: Was it?

Patient: Yeah.

Clinician: Brilliant, and you’ve seen the baby doctors, what did they say, were they happy?

Patient: Yes, they’re happy, everything is OK, nice growing.

Clinician: Fantastic!

Patient: And they’re preparing for my caesarean. (2.10)

Clinician: So, C section booked for the sixteenth of June!

Textbox 3. Conversational breach related to reduced video quality during cancer surgery follow-up appointment. (()) refers to unintelligible speech.

Clinician: Sorry—your your uh, the picture has frozen.

Patient: Right (( ))

Clinician: We can hear you very well, but the—

Patient: I can see you moving, (( )) that's fine.

Clinician: Yeah but (( )) your picture has frozen. But a uh—at a very happy expression so we don’t mind.

Patient: Yes [Laugh]

Clinician: [Laugh] Um. (0.39) So we will see you again, or touch touch ba-+base—oh yeah you are moving again, now...

Nurse: That’s better.

Patient: Right.

Clinician: We–we’ll make contact again in November or December, after you’ve had another computed tomography (CT) scan and another set of
blood tests.

Video consultations presented new possibilities for interruption.
This included disruptions related to the technology (eg, loss of
sound and incoming call on the mobile device being used for
the consultation), as well as nontechnological interruptions in
the domestic environment (eg, family members entering the
room). In all cases in our dataset, flow of the consultation
resumed readily after such interruptions.

Findings from our RIAS analysis are summarized in Table 3.
Consultation length (defined by RIAS as frequency of
utterances) was, overall, 13.34% (584/4379) shorter than
comparable face-to-face encounters in all three clinical services
studied, even taking account of the small amount of initial
“technical talk” to establish the connection, constituting 4.43%
(168/3795) of all talk during virtual consultations. However,
these differences in length were not statistically significant
(U=121.5, P=.43). The extent to which the clinician did more
talking (“dominance”) and exerted more control (“directedness”)
was similar in both video and face-to-face consultations in each
specialty (though it varied across specialties, perhaps reflecting

differences in clinical scope and/or clinicians’consulting styles).
The one statistically significant difference in clinician
dominance was in the diabetes antenatal setting, in which
consultations were slightly more clinician-dominated during
remote (median=1.2; interquartile range [IQR]=0.3) than
face-to-face (median=1.7, IQR=0.5) consultations (U=3.5,
P=.02). This was probably explained by patients, at the
clinician’s request, reading out home blood glucose readings
and insulin doses in the video consultations.

A more fine-grained analysis of the different types of talk, which
we will present in a separate publication (Wherton et al, in
preparation) likewise confirmed only small and mostly
nonstatistically significant differences in categories such as
“verbal attentiveness,” “making requests,” “giving information,”
and “counseling” (see full list of categories in Multimedia
Appendix 2); significant differences were again explained by
the material circumstances of the consultation.

None of the other differences between video and face-to-face
consultations in the above table were statistically significant.
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Table 3. Median and interquartile ranges (IQR) for clinician and patient talk in virtual and face-to-face consultations, based on Roter interaction analysis
system.

Consultations, median (IQR)Clusters of talk

Face-to-faceVideo

TotalPatientClinicianTotalPatientClinician

Diabetes (adult or young adult)

117 (71.0)88 (71.8)54 (30.0)120 (51.5)55 (34.0)72 (26.5)Socioemotional

206 (4.5)74 (34.3)122 (24.5)170 (53.5)82 (49.8)82 (38.8)Task-focused

35 (11.8)7 (9.5)29 (8.3)35 (21.5)3 (4.0)31 (21.5)Process oriented

2 (8.8)1 (2.8)1 (6.0)Technology-related

366 (93.8)173 (82.5)204 (38.8)337 (112.5)143 (84.3)181 (42.3)Total number of utterances

1.3 (0.7)1.3 (0.6)Clinician dominance

0.5 (0.4)0.7 (0.5)Clinician directedness

Antenatal diabetes

83 (38.0)36 (26.0)43 (24.8)74 (80.8)38 (39.0)35 (44.5)Socioemotional

73 (30.2)23 (24.2)42 (22.3)66 (48.5)29 (19.0)37 (27.5)Task-focused

14 (13.3)1 (2.8)11 (12.8)8 (10.3)2 (2.5)6 (8.0)Process oriented

7 (9.0)3 (3.5)5 (6.3)Technology-related

168 (76.3)69 (51.3)103 (38.8)167 (125.5)77 (59.5)89 (66.0)Total number of utterances

1.6 (0.5)a1.2 (0.3)Clinician dominance

0.8 (0.9)0.8 (1.3)Clinician directedness

Hepatobiliary cancer surgery

71 (72.5)49 (38.0)31 (39.0)77 (35.0)35 (34.5)23 (46.5)Socioemotional

114 (63.0)35 (44.5)70 (38.5)73 (39.0)33 (26.5)42 (40.5)Task-focused

23 (21.0)4 (5.5)19 (16.5)15 (20.5)5 (6.5)9 (14.5)Process oriented

12 (22.0)4 (13.5)8 (8.5)Technology-related

217 (142.5)72 (57.5)137 (62.5)192 (69.5)84 (21.0)108 (148.5)Total number of utterances

1.4 (0.5)1.3 (1.8)Clinician dominanceb

0.9 (2.5)1.0 (1.6)Clinician directednessc

aStatistically significant difference between video and face-to-face at P<.01 level (Mann-Whitney U test).
bClinician dominance=ratio of clinician talk to patient talk (a figure above 1.0 means clinician talks more).
cClinician directedness=ratio of clinician to patient control over consultation (higher number ≥ clinician has more control).

The RIAS analysis did not include the “ad hoc” consultations
that occurred in the diabetes clinic (in which, eg, patients sought
an immediate, and often very quick, Skype encounter with a
clinician known to them to sort out a problem with insulin
dosage).

Discussion

Statement of Principal Findings 
This study has confirmed findings from randomized trials that
when clinical, technical, and practical preconditions are met,
video consultations are safe, effective, and popular with
participating patients and staff. In most cases, video
consultations consisted of similar types of talk, in similar
proportions, to comparable face-to-face consultations, and
differences between different clinical specialties were more

striking than those because of the technology. By the end of
this study, between 2% and 22% of all consultations were being
undertaken via video link by participating clinicians. In the
remainder, the video option was considered impractical,
technically unachievable, or clinically inadvisable for the patient.
Technical challenges were typically minor but potentially
prohibitive.

Although these findings confirm that video consultations may
have an important place in transforming care models, some staff
members chose not to participate, and patients for whom video
consultations were deemed appropriate represented a fraction
of the overall clinic workload in all specialties studied.

Notwithstanding policy interest in digital solutions, the reality
of establishing video outpatient services in a busy and financially
stretched acute trust proved far more complex and
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time-consuming than anticipated—mainly due to lack of
“organizational slack” [101], disruption of traditional clinic
routines, and real and perceived information governance
challenges.

Although national policy makers viewed video consultations
as a driver of change (supporting new, more efficient service
models), industry informants viewed this option as low priority
because of anticipated (and experienced) challenges of working
with the NHS on projects that required complex organizational,
policy, and regulatory changes.

These findings can be theorized using our recently published
NASSS framework that was developed to explain why, despite
significant investment and high expectations, five problems
persist: digital technologies are either not adopted or soon
abandoned by professionals and/or their patients and clients or
else the technology-supported service succeeds as a small-scale
demonstration project but fails to scale up locally, spread to
other comparable settings, or be sustained over time. The
NASSS framework analyses these problems in terms of seven
interacting domains: the condition, the technology, the value
proposition, individual adopters (staff and patients), the
organization, the external (eg, regulatory and policy) context,
and emergence over time [37]. Each domain can be simple (few
components, predictable—as in making a sandwich),
complicated (multiple components but still largely
predictable—as in building a rocket), or complex (dynamic,
composed of multiple interacting elements, and
unpredictable—as in raising a child).

To the extent that VOCAL was successful in establishing a
video consultation service, this was explained by the various
NASSS domains: straightforward, predictable, and low-risk
clinical conditions; simple and dependable technology that was
fit-for-purpose; clear benefits for both the technology supplier
and the patient; acceptance of the technology by staff (who
considered that the technology supported and extended their
professional role) and patients (who were able and willing to
develop new skills and ways of engaging); alignment with
existing—or emerging—organizational routines; and a strong
policy push. To the extent that efforts to introduce video
consultations were unsuccessful, this can be explained by
complexity and unpredictability in the clinical condition; lack
of dependability and fitness-for-purpose of the technology; lack
of acceptance by staff or patients; limited organizational slack,
lack of shared vision, and/or clashes with long-held and
difficult-to-change routines; and tricky regulatory or policy
issues (eg, national concerns about information governance and
lack of a national tariff for virtual consultations).

Our study has also illustrated, through detailed multilevel
analysis, the interdependence of the different domains in the
NASSS framework. For example, our national-level interviews
identified a reluctance among major technology vendors in the
United Kingdom (not just Microsoft) to make major investments
in partnerships with the NHS. This meant that, at the time of
writing, the technology being used was an off-the-shelf product
that had not been specially adapted for use in video consultations
and that this technology was not high priority for support from
the local IT department. This partly explains why significant

clinician time (and an extension of the clinician role) was needed
to complete such tasks as new appointment booking and
management of a virtual waiting room. Our findings suggest
that proactive codesign between technology suppliers,
participating health care organizations, and national policy
makers could potentially produce three things: video software
that is more fit for purpose, organizational routines that are
better aligned to support video consulting, and better incentives
for major suppliers to work in a collaborative and ongoing way
with health care providers.

Although our study was not designed to generate a simple or
universal “checklist” for implementing video consultations, it
is worth reproducing here the five “key recommendations for
practice” aimed at clinicians and managers that were coproduced
through action research in this study:

• Introduce the service slowly and incrementally with direct
involvement of the team to ensure compatibility between
the technology and existing practice

• Allow plenty of time for discussion with staff and patients
about how it affects the service

• Work in collaboration with your ICT department and
technical support teams to establish roles and processes to
assist use of the technology

• Use with an understanding of the patients’ lives and how
the technology relates to the management of their health
condition

• Support flexible use, allowing scope to fit the service around
the needs of the patient

Strengths and Weaknesses of the Study 
To our knowledge, this is the first research study in any clinical
field to have taken an in-depth, mixed-methods, and multilevel
approach to the study of video outpatient consultations. We
succeeded in our goal of collecting rich qualitative data that
exposed the “messy reality” of establishing a virtual consultation
service and illuminated the pros and cons of using this medium
for clinical interaction in different settings. Using action
research, we were able to inform and facilitate the work of
embedding the new service model and gain detailed insight into
organizational complexities and how these changed over time.
Working with front-line clinical and technical services, we have
developed significant expertise, standard operating procedures,
information governance and technical guidance documents, and
protocols for setting up and running video outpatient clinics.
National policy makers have been engaged from the outset, and
the study has attracted interest from other hospitals. A rollout
phase continues within the trust, and further work is also
ongoing to extend the model to other NHS organizations across
the United Kingdom.

The main limitation of the study is its focus on a single (albeit
large and multisite) health care organization. Barts Health was
even more financially stretched than most acute trusts in the
United Kingdom; hospitals under less tight financial and staffing
pressures may have found the implementation work easier. In
addition, the sample size for the detailed analysis of virtual
consultations was relatively small.
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Comparison With Other Studies
Almost all previous research on video consultations in health
care has either addressed the technical detail of the remote
connection or undertaken an RCT of virtual vs face-to-face
consultations [13-18,20-34]. Such studies lend support to the
conclusion that in selected patients, video consultations are
noninferior to face-to-face ones—but (often by their own
admission) they leave unanswered the question of how to
establish the service as a real-world option and/or move from
a small-scale research or demonstration project to sustainable
business as usual. Our finding that, in contrast with concerns
raised by previous authors, the technical quality of Skype
interactions via available broadband in London was almost
always adequate affirms a recent study by others of 4G mobile
technology [43].

Some critics will view it as a limitation that we did not emulate
the experimental methodology of previous studies. This was
deliberate. Our findings have confirmed that virtual
consultations cannot be treated like a drug or even as a complex
behavioral intervention to be tested “on” patients. Rather, they
are the result of a hugely complex sociotechnical system in
which “successful” virtual consulting is contingent on multiple
factors at multiple levels. If we appear to have produced
ambiguous findings, this is perhaps because ambiguity and
tension are inherent to complex sociotechnical systems. To
questions such as “do virtual consultations work?,” “are virtual
consultations safe?,” and “are virtual consultations cost
effective?,” we suggest the answer will always be “it depends.”

Meaning of the Study
In the context of a strong policy push to develop digital
alternatives to the traditional consultation, delivering video
outpatient services at scale is likely to be far from
straightforward, as rollout in any locality will be influenced by
(among other things) prevailing organizational culture, financial
and human resources and priorities for allocating these, existing
organizational and technical infrastructure, the nature and causes
of professional resistance, information governance challenges,
and the logistics of payment. Video consultations, although safe
and effective for selected patients, fundamentally change the
nature of outpatient care and require clinician buy-in (which
may or may not be forthcoming). Industry, although not opposed
to the idea of developing software to support video
consultations, appears to view organizationally embedded
technical solutions as relatively low priority.

The finding that efforts to implement a video consultation
service met with multiple challenges in relation to workability
and integration aligns with numerous previous studies of other
forms of remote care (see in particular Finch and May’s work
on telehealth, which formed the empirical basis for May’s
normalization process theory [38,39]). Indeed, these difficulties

may even have worsened in recent years as clinical work has
become more protocolized and financial pressures more severe.

Unanswered Questions and Future Research
This study has, in some way, revealed and explored the
challenges to establishing video outpatient consultations as a
real-world service. Overcoming those challenges will not be
easy, but further in-depth case studies in both comparable and
contrasting settings are likely to enrich our understanding. As
more health care organizations make the strategic decision to
introduce video consultation services, research could explore
the collaboration and mutual learning that occurs between them
and test approaches to supporting that interorganizational
interaction.

Our macro-level interviews identified a consistent finding from
industry informants that the NHS is currently a uniquely difficult
setting in which to attempt to introduce technologies that imply
major changes in service models. Industry’s preferred model—of
long-term partnerships (for technologies plus service support
to embed them) rather than one-off procurement
contracts—should be introduced in test sites and carefully
researched using longitudinal ethnography. The research agenda
here is methodological as well empirical; it is founded (we
believe) on the notion that technologies and services are
continually evolving and mutually shaping; they cannot be fixed
in time nor (therefore) be adequately tested using traditional
randomized trial designs.

One of the most interesting findings of this study was that the
technology provided opportunities for clinicians and patients
to use the technology adaptively and differently, allowing new
modes of consulting to evolve (eg, patient-initiated contacts
direct to the clinician via Skype messaging, which appeared to
help supported self-adjustment of insulin dosage in diabetes).
Further qualitative research could pursue the consequences of
such adaptive usage.

Conclusions
This study has applied a sociological lens (specifically, an
empirically oriented adaptation of Giddens’ structuration
theory), as well as the recently-published NASSS framework
to a real-world empirical study of video outpatient consultations
across three contrasting clinical specialties.

We found that these consultations appear safe, effective, and
convenient for patients in situations where participating
clinicians judge them clinically appropriate; however, such
patients are a fraction of the overall clinic workload. As with
other technological innovations, some clinicians will adopt
video consultations readily, whereas others will need incentives
and support. There are complex challenges to embedding video
consultation services within routine practice in health care
organizations that are hesitant to change, especially at a time
of austerity.
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Abstract

Background: Parents are likely to seek Web-based communities to verify their suspicions of autism spectrum disorder markers
in their child. Automated tools support human decisions in many domains and could therefore potentially support concerned
parents.

Objective: The objective of this study was to test the feasibility of assessing autism spectrum disorder risk in parental concerns
from Web-based sources, using automated text analysis tools and minimal standard questioning.

Methods: Participants were 115 parents with concerns regarding their child’s social-communication development. Children
were 16- to 30-months old, and 57.4% (66/115) had a family history of autism spectrum disorder. Parents reported their concerns
online, and completed an autism spectrum disorder-specific screener, the Modified Checklist for Autism in Toddlers-Revised,
with Follow-up (M-CHAT-R/F), and a broad developmental screener, the Ages and Stages Questionnaire (ASQ). An algorithm
predicted autism spectrum disorder risk using a combination of the parent's text and a single screening question, selected by the
algorithm to enhance prediction accuracy.

Results: Screening measures identified 58% (67/115) to 88% (101/115) of children at risk for autism spectrum disorder. Children
with a family history of autism spectrum disorder were 3 times more likely to show autism spectrum disorder risk on screening
measures. The prediction of a child’s risk on the ASQ or M-CHAT-R was significantly more accurate when predicted from text
combined with an M-CHAT-R question selected (automatically) than from the text alone. The frequently automatically selected
M-CHAT-R questions that predicted risk were: following a point, make-believe play, and concern about deafness.

Conclusions: The internet can be harnessed to prescreen for autism spectrum disorder using parental concerns by administering
a few standardized screening questions to augment this process.

(J Med Internet Res 2018;20(4):e134)   doi:10.2196/jmir.9496

KEYWORDS

autistic disorder; early diagnosis; screening; parents; child; expression of concern; technology; machine learning

Introduction

Challenges of Early Autism Spectrum Disorder
Screening
Many parents of children with autism spectrum disorder (ASD)
report their concerns when their child is 12- to 19-month old
[1,2], yet the average age of ASD diagnosis is above 3 years

[1]. Evidence shows that 5 to 6 months, on average, pass from
when the parent of a child with ASD becomes concerned until
they approach a professional. Moreover, over 32 months pass
until a diagnosis is made [3]. This delay wastes a critical time
period, during which targeted intensive intervention is most
efficient [4]; the delay may also increase parent stress.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e134 | p.384http://www.jmir.org/2018/4/e134/
(page number not for citation purposes)

Ben-Sasson et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:asasson@univ.haifa.ac.il
http://dx.doi.org/10.2196/jmir.9496
http://www.w3.org/Style/XSL
http://www.renderx.com/


Prompting parents to approach a health care provider may lead
to earlier intervention.

Early identification of ASD in young children is often delayed
due to a mix of child and health care factors. At the child level,
the varying patterns of onset and diversity in the early markers
presented [5,6] can impede early identification. At the health
care level, the lack of knowledge and expertise in ASD of many
primary care providers and the lack of infrastructure for handling
the increase in referrals further hinder early screening [7,8].
This study examined the utility of automated strategies for
verifying initial parental concern in Web-based sources. In the
long run, such a system can be programmed to prompt parents
to seek the advice of a professional, when their concerns indicate
risk.

Parental Concerns Predict Autism Spectrum Disorder
Status
Parents of children with ASD are often concerned about their
child's development long before they seek professionals and
receive a diagnosis [1]. Research has indicated that the type and
number of early parental concerns predict ASD [2,3,6]
particularly after 12 months of age [6,9]. Early concerns specific
to ASD features were more prevalent among parents who
already had a child with ASD [6,9] and arose earlier than in
families without a previously diagnosed child with ASD [10].
The type of early concerns differentiated children later
diagnosed with ASD from those with other developmental
disorders [2]. The most common type of concerns are related
to speech and communication [2,10]. In another study, the type
and number of parental concerns correlated with Modified
Checklist for Autism in Toddlers (M-CHAT) scores [11]. At
the same time, for about 30% of preschool children, concerns
regarding ASD did not necessarily predict an ASD diagnosis
[12]; it is therefore worthwhile investigating whether specific
follow-up questions would facilitate ASD prediction.

The literature reviewed points to the importance of eliciting,
attending, and trusting early parental concerns in the early
identification of ASD. The clinical validity of early parental
concerns has been recognized by the American Academy of
Pediatrics (AAP) [13] in its guidelines for the early detection
of ASD in primary care. The guidelines list parental concerns
related to ASD as an indicator of higher risk, and state that they
should trigger ASD-specific screening at any age.

The Internet as an Opportunity for Prescreening
Although many parents of pediatric patients use the internet to
research medical information and relieve anxiety, they are likely
to find incorrect/inappropriate advice [14], and only 21% share
this information with their health care provider [15]. As opposed
to searching, parents are turning to Web communities more and
more to ask about their child’s development or health [15-17].
Parents’ high involvement and frequent access to informational
exchanges on the internet offer a unique public health
opportunity for promoting early screening. Furthermore,
spontaneous open-ended parental concerns regarding ASD
enable researchers to document an unbiased view of markers

outside the scope of the standardized screening tools [1].
Advances in natural language processing and machine learning
(ML) technologies offer tools for predicting ASD risk by
classifying text from the growing collection of parental concerns
that have been documented in Web-based sources. The
long-term goal of our work is the design of an automated support
system evaluating the degree of risk based on parents' concerns
related to ASD markers. Such a system could prompt parents
to act early or alternatively relieve their anxiety.

Evidence from other health conditions supports the effect of
automated prompting on patients' health related actions such as
seeking formal screening or a provider. A review of studies
examining the effect of text messaging interventions on
screening for cancer showed 4% to 63% higher screening rates
for those who received text messages versus controls [18]. In
the mental health domain, 38% of participants using a
depression-screening app reported that they consulted with their
health care professional about the app screening result [19]. A
scoping review of studies of the impact of health information
technologies for pediatric care showed, in diabetes type I studies
and asthma studies, benefits for behavior change and patients'
and caregivers' use of resources [20]. These diverse studies all
point to the clinical utility of using automated systems to prompt
health-related actions, in our case seeking formal ASD
screening.

Machine Learning Prediction From Web-Based
Querying
This study builds upon research of Ben-Sasson and Yom-Tov
[21], which analyzed existing queries on Yahoo Answers where
parents expressed concerns regarding ASD markers in their
child. The study showed that (1) parents associate a rich array
of behaviors with ASD; (2) to accurately predict ASD risk status,
signs mentioned in the text must be classified into symptom
categories; and (3) the accuracy of automated prediction differs
based on the combination of categories reported. Using ML
tools, which automatically learn to distinguish between labeled
examples, enabled the researchers to classify children’s risk
based on expert categorization of texts into specific concern
categories, though with moderate success. Area under the
receiver operating curve (AUC) using the text combined with
the classification of signs was 0.84 compared with 0.54 for text
alone. Understanding that parental concerns alone are not
sufficient for automated prediction using ML, we decided to
test a prediction model that combines text analysis with
structured ASD screening questions.

There is evidence that ML can use free-form text to elicit
information about psychopathology markers; for example, ML
has been used in the past to identify signs of postpartum
depression in new mothers’ social media posts. They found an
average AUC of 0.82 for predicting behavioral change of
mothers between prenatal and postpartum periods [22]. There
is a need for an ML-based tool that, when receiving a
combination of symptoms, can assess the minimum amount of
specific information needed to provide an accurate risk
prediction.
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Figure 1. Flowchart for the proposed method of screening of parental concerns.

One of the challenges ML tools face when predicting risk from
descriptions of parental concerns is their variability and
individual nature, which is difficult to capture from the text of
these descriptions alone. In a recent study [2], over 80
combinations of different types of signs were mentioned in
parental concerns. At the same time, screening all children for
a broad range of signs would entail a lengthy and costly
screening process, posing a particular problem for pediatricians
[7]. There is therefore a need for a mixed screening approach
of user- and expert-driven report.

ML tools offer an efficient way to draw generalizations from
available data. We hypothesize that these tools will be able to
draw generalizations from the individual nature of parental
concerns to predict ASD risk [23], so long as parents can be
asked for additional information to complement their specific
narrative. In this study, we wished to test whether, based on the
text submitted by the parent, together with a minimal set of
well-established ASD signs (M-CHAT-R questions) we could
predict ASD risk. ASD risk was defined in this study by a gold
standard global developmental screening tool and ASD-specific
screening tools.

This study aims to (1) evaluate the ASQ and M-CHAT-R risk
status of children with parental concerns in the
social-communication domain, and whether this status correlates
with a family history of ASD and expert assessment of ASD
risk; (2) examine whether an automatically selected single

M-CHAT-R question improves the accuracy of automated
prediction of ASD risk based on parental concerns in Web-based
sources; and (3) identify which M-CHAT-R questions contribute
the most to the automated prediction of ASD risk. See Figure
1 for a description of the screening stages put forward in this
study.

Methods

Participants
Inclusion criteria were as follows: (1) child’s age between 16
and 30 months; and (2) parent had a concern regarding their
social-communication development. The final sample (n=132)
included 25 parents recruited via social media and 107 recruited
via Instant.ly, a service for Web-based surveys and recruitment
of relevant survey participants. A total of 6 participants entered
gibberish or nonsense; they were excluded from the analyses.
Of all children, 7 were already diagnosed with ASD, and 4
parents did not write about their concerns but rather a different
topic; they too were excluded from the analyses. The remaining
115 participants’ children had a mean age of 25.06 months (SD
4.46, range 16-30), of whom 58.3% (67/115) were boys. Of the
participants, 57.4% (66/115) reported having a family member
with ASD; these participants will be referred to as the ASD
family group. The ASD family members included 37 siblings,
21 cousins, 7 aunts or uncles, and 1 grandson.
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Measures
We used M-CHAT-R/F [24]. The M-CHAT-R is a short
gold-standard ASD-specific screening tool, in which parents of
children aged 16 to 30 months rate their children’s early ASD
signs. The M-CHAT-R includes 20 binary (Yes/No) questions
regarding signs from the social-communication and repetitive
behavior domains. Scoring of the questionnaire is based on the
number of answers reporting an at-risk symptom (potential
range 0-20 months); the child may be classified as low risk
(0-2), medium risk (3-7), or high risk (8-20). In this study, when
a parent’s answer to an item indicated risk for ASD, the
structured follow-up question for that item was immediately
administered. This administration method is different from the
method used by others [25] who administered the initial 20
items first, later followed by the relevant follow-up items. For
this study, the follow-up was programmed for administration
interspersed with initial items, without first tallying a total
M-CHAT-R risk status. Children whose final M-CHAT-R/F
score is 2 or higher are at risk for ASD and warrant referral for
diagnostic evaluation and early intervention; children whose
final score is 0 to 1 are at low risk and are not in need of referral
unless parents or professionals had ASD concerns.

The M-CHAT-R/F was previously validated in a sample of
16,071 low-risk toddlers [25] and showed adequate internal
consistency in the 2-stage screening process (Cronbach
alpha=.79). Using the threshold of 3 initial risk items to trigger
follow-up, and 2 or more risk items after follow-up, they found
a sensitivity of 0.85 and specificity of 0.99. Although the
positive predictive value for ASD was modest (0.48), 83%
(184/221) of the children who screened positive were diagnosed
with a developmental disorder, and nearly 95% (209/221)
demonstrated developmental delays or concerns.

Additionally, we used the Ages and Stages Questionnaire-3
(ASQ) [26]. The ASQ is a short gold-standard broad
developmental screening tool, in which parents rate their child’s
current skills and development. Parents answer 30 questions, 6
for each of 5 developmental domains: gross motor, fine motor,
personal-social, problem solving, and communication. There
are 21 versions of the ASQ for different age groups, from birth
to 6 years. Items are rated by parents as “not yet” (0),
“sometimes” (5), or “yes” (10). Each developmental domain
yields a summary score and a risk score relative to age cutoffs.
If the score is below 2 SDs from the norm, the child is
considered in a need of referral. A score between 1 to 2 SDs
indicates the need for monitoring in that domain. ASQ global
developmental risk is defined as a score below 2 SDs in at least
one domain.

Procedures
Following ethics committee approval, participants were recruited
through social media and Instant.ly. Instant.ly is a Web-based
platform for conducting structured surveys, where participants
are recruited based on researchers’ criteria by the company
using financial incentives. All participants completed the survey
on the Instant.ly survey platform after confirming that their
child is between 16 to 30 months of age and that they have a
concern related to their child’s social-communication
development. Following this initial screening, parents were

asked to describe, in their own words, their concerns regarding
their child’s social-communication development. Parents
answered a minimal set of background questions including age
and gender of the child and whether they had a family member
diagnosed with ASD. Then they answered the M-CHAT-R/F
questions. Finally, parents completed the ASQ version that was
appropriate for their child’s age. Parents were compensated US
$35 for their participation.

To further validate the child’s risk status, we sought clinical
judgment regarding the ASD risk of the child based on the
parent’s narrative. A total of 3 clinicians with clinical expertise
in early ASD screening rated the degree of risk of developing
ASD based on reading the parents’ reported concerns, from 1
(no risk) to 4 (high risk). Raters were blind to the M-CHAT-R/F
and ASQ scores. Intraclass correlation coefficient for rating
ASD risk was 0.76 (95% CI 0.67-0.83).

Data Analysis
Spearman correlations were used for correlations between
standardized screening tests and with clinician ASD risk rating.
Chi-square tests were conducted to compare risk status on the
3 standardized measures between the groups with a family
history of ASD compared with the group without a family
history of ASD.

We used the initial M-CHAT-R risk status as well as the final
M-CHAT-R/F risk status to ensure that we were covering 2
scenarios. One is a parent who wants to have his/her child
screened but will not see another provider for that procedure,
in which case the M-CHAT-R/F is the important score. The
other is a parent who wants to know whether his/her child is at
risk so that they can consult with a clinician for further
screening, in which case the M-CHAT-R is the relevant score.

Machine Learning Automatic Assessment of Autism
Spectrum Disorder Risk From Text
Our primary task was to predict the risk for ASD, either solely
using the text provided by the parent or by augmenting the text
with the parent’s response to a single question. Specifically, the
algorithm for predicting risk proceeded as follows: first, the
algorithm used the text provided by parents to decide which
question to ask, if any. Once a response was given to the chosen
question, the algorithm predicted risk.

The question to add was selected from the 20 M-CHAT-R
questions. The algorithm selected which question to add (if any)
based on an estimate of whether the prediction from text
combined with a question is better than one based on text alone.
Specifically, if we knew the risk score to a given question and
were asked to choose between using the output of a text-based
risk predictor and that of a text-based risk predictor augmented
with an answer to the j-th question, we would choose the most
extreme of the 2 predictor outputs. That is, if the true risk is
high, we would prefer the predictor output which is higher of
the two, and vice versa. In practice, we do not know the actual
risk score or the answer to the j-th question for a test question.
Therefore, we trained a second predictor to estimate whether
the output of a risk predictor with an added question would give
a more extreme answer (in the right direction) than that of a risk
predictor without an added question. The second predictor was
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trained when the actual risk scores are known (in the training
set), given the following independent variables: (1) output of
the risk predictor using only text, (2) output of the risk predictor
using text and a negative answer to the j-th question, (3) output
of the risk predictor using text and a positive answer to the j-th
question, and (4) variance of the 3 abovementioned predictors
at the node where the test example is labeled. This procedure
is repeated for all 20 augmenting questions. In the third stage,
if the outputs of all selection decisions are below a particular
threshold (set empirically to 0.5), we chose not to add a question
to the text. If any are above that threshold, we add the question
with the highest decision score.

We examined 6 possible risk outcomes: (1) ASQ, (2)
M-CHAT-R, (3) M-CHAT-R/F, (4) ASQ Personal-Social, (5)
ASQ Communication, and (6) Meeting ASQ Personal-Social
or ASQ Communication risk. The narratives of parental concerns
contained between 2 and 253 words (mean word count 72, SD
37). We represented the text of questions using single words,
word pairs, and triplets, and lexical affinities [27], excluding
stopwords [28], and keeping terms that appeared in 10 or more
questions. The reported performance of the predictor was
estimated using leave-one-out [23]. We trained the algorithm
on all but one example and predicted the risk for that example,
repeating the process for all examples. The algorithm used for
predicting risk (using text or using text with an additional
question) was a regression tree [23].

The performance of the predictors is reported using the AUC.
AUC is a commonly used measure of classifier accuracy,
calculated from a graph of the true-positive rate versus the
false-positive rate, for different thresholds of the classifier. A
perfect classifier would have an AUC of 1, whereas a random
decision would achieve an AUC of 0.5.

Results

Risk Status Across Standardized Screening Measures
Table 1 presents the number of children who were at risk
according to each of the screening measures; 79.1% (91/115)

show a global developmental risk on the ASQ, and 73.9%
(85/115) an ASD-specific risk on the M-CHAT-R/F. All those
who were at high risk on the M-CHAT-R showed a confirmed
risk on the M-CHAT-R/F. Due to the interspersed administration
of the Follow-Up, fourteen children with low risk on the
M-CHAT-R completed Follow-Up items. Of all the children,
14.3% (2/13) of the children at low risk and 58% (25/43) of
those at medium risk on M-CHAT-R ended up categorized as
at risk on the two-stage M-CHAT-R/F.

Spearman correlation coefficients between M-CHAT-R and
M-CHAT-R/F total score and ASQ domain scores were
significant and high (rs=−0.58 to −0.65, Ps<.001). Of those at
global risk according to the ASQ, 94.5% (85/91) were also at
medium/high risk according to the M-CHAT-R and 82.4%
(75/91) according to the M-CHAT-R/F. Only 17.6% (16/91) of
those at risk based on the ASQ were not at risk on the
M-CHAT-R/F, whereas 41.7% (10/42) of those who were not
at risk based on the ASQ were at risk according to the
M-CHAT-R/F.

Looking at ASD-related ASQ domains, 97% (65/67) with a
refer score on the Personal-Social ASQ domain were at
medium/high risk according to the M-CHAT-R, and 86.6%
(58/67) were also at risk according to the M-CHAT-R/F.
Similarly, 95.5% (64/67) with a refer score on the
Communication ASQ domain were at medium/high risk on the
M-CHAT-R, and 88.1% (59/67) were also at risk on to the
M-CHAT-R/F.

Significant differences in odds of risk between those with versus
without a family history of ASD (see Table 1) provided further
validation of these screening scores. Chi-square tests indicated
that those with a history of ASD in their family had significantly
higher probability of risk on the M-CHAT-R and M-CHAT-R/F,
as well as ASQ Personal-Social scores. Those with a history of
ASD in family had nearly a 4 times higher likelihood of scoring
at risk on the M-CHAT-R/F compared with those without a
family history. This subgroup had a 2.63 times higher likelihood
for a need for referral on the Personal-Social ASQ subscale.

Table 1. Modified Checklist for Autism in Toddlers-Revised (M-CHAT-R) and Ages and Stages Questionnaire (ASQ) risk rates, n (%). M-CHAT-R/F:
Modified Checklist for Autism in Toddlers-Revised, with Follow-up.

P valueChi-square

(df)

Odds ratio

(95% CI)

ASD in family

n=66, n (%)

No ASD in family

n=49, n (%)

Full sample

n=115, n (%)

Screening measures

M-CHAT-R risk

.025.4 (1)3.97 (1.17-13.55)62 (93)39 (75)101 (87.8)M-CHAT-R medium + high risk

.0029.6 (1)3.86 (1.60-9.32)56 (84)29 (59)85 (73.9)M-CHAT-R/F Risk (count fail ≥2)

ASQ Factors

.201.7 (1)1.81 (0.73-4.47)55 (83)36 (73)91 (79.1)ASQ risk

.181.8 (1)1.68 (0.79-3.56)42 (63)25 (51)67 (58.3)Communication

.016.3 (1)2.63 (1.22-5.65)45 (68)22 (44)85 (74.0)Personal-Social

.390.7 (1)1.39 (.66-2.91)35 (53)22 (44)57 (49.6)Gross motor

.073.2 (1)2.00 (0.93-4.28)34 (51)17 (34)51 (44.3)Fine motor

.990 (1)1.00 (0.47-2.11)39 (59)29 (59)68 (59.1)Problem solving
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Table 2. Spearman correlations between screening scores and expert rating. P values were adjusted for multiple correlations. Ages and Stages
Questionnaire (ASQ) correlations are negative as ASQ scores denote competencies whereas expert ratings reflect risk level. ASD: autism spectrum
disorder; M-CHAT-R: Modified Checklist for Autism in Toddlers-Revised; M-CHAT-R/F: Modified Checklist for Autism in Toddlers-Revised, with
Follow-up.

Expert rating of ASD riskScreening measures

0.43aM-CHAT-R

0.36aM-CHAT-R/F

−0.21ASQ Communication

−0.26aASQ Personal-Social

−0.26aASQ Gross Motor

−0.21ASQ Fine Motor

−0.29aASQ Problem Solving

aP<.007.

Table 3. Area under the receiver operating curve (AUC) values of risk prediction. ASQ: Ages and Stages Questionnaire; M-CHAT-R: Modified
Checklist for Autism in Toddlers-Revised; M-CHAT-R/F: Modified Checklist for Autism in Toddlers-Revised, with Follow-up.

AUC text + question selectedAUC text onlyScreening measures

M-CHAT-R risk

0.850.39M-CHAT R/F

0.880.54M-CHAT-R

ASQ Factors

0.850.55ASQ Risk

0.740.60Communication

0.800.36Personal-Social

0.790.49Communication or Personal-Social

Expert Rating of Child Risk Based on Parental
Concerns
Experts rated a total of 33.9% (39/115) children, as at high (3/4)
ASD risk, based on the parents’ text. M-CHAT-R,
M-CHAT-R/F, and ASQ-Risk scores were all significantly
associated with the experts’ rating of ASD risk (see Table 2).

Machine Learning Automatic Assessment of Autism
Spectrum Disorder Risk From Parental Concerns
Table 3 and Multimedia Appendix 1 show the proportion of
children predicted as “at risk” for each of the risk measures, the
AUC for risk prediction using the text of questions alone, and
the AUC when a question is added. The accuracy of the
predictor that selects between text-based and text-augmented
predictor (the second stage predictor) had an AUC greater than
0.74 for all risk measures (10-fold cross-validation; AUCs
ranged between 0.74 and 0.88 across outcome measures).
Notably, M-CHAT-R initial score had the largest AUC from
text and questions selected and the highest prediction from text
alone (34%).

Adding a question significantly improves the accuracy of risk
prediction (Friedman test, P=.02). The table also presents 11
single M-CHAT-R questions that when asked contributed to
the prediction of risk for 5% or more of the children in at least

one of the risk measures (in addition to the text). The selection
of question is automatically guided by the text. Note that for
the ASQ risk prediction 17% of the questions required no
additional questions for estimating the children’s risk status.

Discussion

Principal Findings
This study examines the potential for providing automated
Web-based support for parents expressing concerns regarding
ASD signs in their toddler. The unique findings from this study
demonstrate the potential for accurately predicting a child’s
ASD risk or global development risk status from a parent’s
report of concerns in Web-based forums. This prediction was
made possible by supplementing open-ended concern reports
with 1 question from the M-CHAT-R. Designing such a system
encounters the challenges of predicting from the diverse free
texts entered by parents, as well as the need to be brief. Parents
are using Web-based platforms to seek advice regarding their
child’s health and development [21,29]. Web-based screening
for ASD is important as it may reduce the time gap between
parents’ first worry and approaching a professional [3] and
consequently enable the family to seek services earlier.
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Automated Support for Parents in Web-Based Forums
Findings from this study indicate that by applying ML tools,
parental concerns in Web-based platofrms can be utilized for
ASD prescreening. Adding a single question to the coded free
response of the parents yielded AUCs ranging between 0.74
and 0.88, depending on the risk outcome measure predicted (ie,
M-CHAT-R(/F), ASQ total, or specific domains). The
M-CHAT-R AUCs in our study were similar to the AUC values
reported previously in a study using ML tools for predicting
ASD risk from parental queries combined with an ontology of
the signs [21] and to the AUC in a postpartum depression
screening study using ML tools [22]. The text alone predicted
up to 34% of those at risk, depending on the risk outcome score
predicted. These findings are consistent with research indicating
that parental concerns alone cannot fully predict ASD diagnostic
status [30,31]; rather, parents benefit from targeted follow-up
questions to increase accuracy of prediction. Consistent with
this finding, the AAP guides health care providers to follow-up
on parental concerns with ASD-specific screening. The
innovative ML methodology enables the selection of a single
screening question, tailored based on the content of the concern,
to significantly improve accuracy.

Autism Spectrum Disorder Screening Questions That
Complement Parental Concerns
Of all questions, 3 M-CHAT-R questions showed consistent
contribution when combined with text to predict all 6 screening
outcome measures. These items measured following a parent’s
pointed finger (16%-35%), appearing deaf (9%-22%), and lack
of make-believe play (6%-21%; see Table 3). Interestingly,
following a pointed finger has been reported as a key question
in several ASD screening studies as has lack of make-believe
play [25,32] and appearing deaf [26]. However, these questions
did not differentiate ASD-related risk from global developmental
risk. We hypothesize that these questions inquire about
behaviors that parents are less aware of and may require
knowledge regarding child development to notice them. This
is supported by their absence/low appearance in parental first
concerns related to ASD [1,2]. However, these items were not
the best added item for all parents; the diversity of ASD-related
concerns reported by parents requires an individualized
follow-up approach, as demonstrated by this study.

A challenge in ASD screening is differentiating global
development risk from an ASD-specific risk. There is evidence
that most of the false positives in ASD screening studies have
a different type of developmental disorder [25,33]. The
challenge of differential screening is highlighted in the
significant correlations between M-CHAT-R and ASQ scores
and the finding that same 3 M-CHAT-R questions contributed
to ASD-specific and nonspecific outcome scores. This is in line
with studies showing high correspondence between the ASQ
global developmental risk and an ASD diagnosis [34]. At the
same time, there was a subgroup of children who only showed
risk of ASD; 41.7% (48/115) of the sample who were at risk
according to the M-CHAT-R/F were not at risk according to
the ASQ, whereas most of those who were at risk according to
the ASQ were also at risk according to the M-CHAT-R/F.
Questions that specifically predicted ASD-related risk (ie,

M-CHAT-R/F, ASQ Personal-Social, ASQ Communication)
and not global risk status on the ASQ were pointing to show,
interest in others, showing, and responding to name. Although
they added to the prediction of risk in a smaller percentage of
cases, they seem to be more specific to ASD risk status. These
items were among the best 7 M-CHAT-R questions for
predicting ASD diagnosis [24]. As certain ASD-related
questions (finger movements and getting your attention to watch
him/her) improved the prediction of ASQ global risk status but
did not improve the prediction of ASD-related risk status, an
expert evaluation is necessary for differential diagnosis.

Screening Risk Status for Children Whose Parents
Are Concerned About Them
In absence of diagnostic outcomes, we relied upon standardized
screening scores as outcome measures. Of the children in our
sample, 87.8% (101/115) were at medium or high risk according
to M-CHAT-R, 73.9% (85/115) according to M-CHAT-R/F,
79.1% (91/115) according to the ASQ total, and 58%-74%
(20/115 to 97/115) according to the Personal-Social and/or
Communication ASQ subscales. Participants in the study had
concerns that likely motivated their participation. One would
expect such a high positive risk rate when screening a sample
of children for whom there is already concern in the
social-communication domain [2,9]. Children in our study with
versus without a family history of ASD had a much higher
likelihood of presenting risk on ASD-specific screening and
social-communication developmental screening, consistent with
previous research [35,36]. It is not surprising that in a sample
of parents concerned about their child’s social-communication
development, there is a high rate of family history of ASD,
which justifiably raises parents’ concerns given the high
recurrence rates of ASD [6] and parents’ awareness of ASD
symptom manifestation [9]. When interpreting the results of
this study we must consider the potential impact of including
concerns of parents with a family history of ASD. First, evidence
indicates that siblings of children with ASD are not necessarily
representative of the general ASD population [35]. Second, the
language of parents with a family history of ASD may be
enriched with terms that are more specific to ASD than in the
general public leading to higher accuracy prediction from their
text alone.

It is noteworthy that in standard use of the M-CHAT-R, some
of the children in the M-CHAT-R medium-risk range eventually
drop into the low-risk range after follow-up questions are
administered, as opposed to the high-risk children, who are
referred for evaluation without follow-up. This is consistent
with prior studies [25] and suggests that in some cases, parents
need additional support from the structured follow-up items to
describe their child’s behavior. Hence, the M-CHAT-R/F results
are more likely to predict typical versus delayed development;
however, it is common to report both initial M-CHAT-R and
M-CHAT-R/F outcomes.

Limitations
Future studies should randomize the order of the M-CHAT-R
and ASQ completion as the fixed order may have led to elevated
ASQ scores. In addition, the interspersed administration of the
M-CHAT-R/F within the M-CHAT-R was not the standardized
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method for administering this tool. However, this approach
identified 2 children who would have been missed if the
M-CHAT-R/F had been administered only to those who
screened positive on the initial M-CHAT-R questionnaire. The
interspersed procedure may have led to elevated risk rates on
the M-CHAT-R as our risk rates were higher than those reported
in another study of infant siblings of children with ASD [36].
At the same time in addition to the family history of ASD,
parents in our study had specific social-communication concerns
suggesting that elevated risk rates were not solely associated
with measurement. In the absence of diagnostic outcomes, we
cannot determine who true false-negative children were. This
study requires replication with diagnostic outcomes, which
would increase the clinical validity of the automated prediction
and follow-up procedure. Sociodemographic features of the
sample were unknown, hence further research is needed to
identify potential biases in such data. In addition, to generalize

results to patients in general primary care settings, this method
needs to be tested with a low-risk representative sample.

Conclusions
This study aimed to test the possibility of automatically
estimating a child’s risk for ASD based on his/her parent’s
description of concerns. Utilizing ML methods, we showed
satisfying performance of prediction models, relying on the
parent’s text and a particular M-CHAT-R question that
complemented that unique text. The selection of one tailored
question promoted accurate screening. Such a screening method
that alerts parents can reduce the gap between first concern and
approaching a health care provider. This study offers an
opportunity to capitalize on digital health methods for designing
a real-time support system that would ask users screening
questions based on their concerns.
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Abstract

Background: Clinical guidelines recommend monitoring of blood pressure at home using an automatic blood pressure device
for the management of hypertension. Devices are not often calibrated against direct blood pressure measures, leaving health care
providers and patients with less reliable information than is possible with current technology. Rigorous assessments of medical
devices are necessary for establishing clinical utility.

Objective: The purpose of our study was 2-fold: (1) to assess the validity and perform iterative calibration of indirect blood
pressure measurements by a noninvasive wrist cuff blood pressure device in direct comparison with simultaneously recorded
peripheral and central intra-arterial blood pressure measurements and (2) to assess the validity of the measurements thereafter of
the noninvasive wrist cuff blood pressure device in comparison with measurements by a noninvasive upper arm blood pressure
device to the Canadian hypertension guidelines.

Methods: The cloud-based blood pressure algorithms for an oscillometric wrist cuff device were iteratively calibrated to direct
pressure measures in 20 consented patient participants. We then assessed measurement validity of the device, using Bland-Altman
analysis during routine cardiovascular catheterization.

Results: The precalibrated absolute mean difference between direct intra-arterial to wrist cuff pressure measurements were 10.8
(SD 9.7) for systolic and 16.1 (SD 6.3) for diastolic. The postcalibrated absolute mean difference was 7.2 (SD 5.1) for systolic
and 4.3 (SD 3.3) for diastolic pressures. This is an improvement in accuracy of 33% systolic and 73% diastolic with a 48%
reduction in the variability for both measures. Furthermore, the wrist cuff device demonstrated similar sensitivity in measuring
high blood pressure compared with the direct intra-arterial method. The device, when calibrated to direct aortic pressures,
demonstrated the potential to reduce a treatment gap in high blood pressure measurements.

Conclusions: The systolic pressure measurements of the wrist cuff have been iteratively calibrated using gold standard central
(ascending aortic) pressure. This improves the accuracy of the indirect measures and potentially reduces the treatment gap. Devices
that undergo auscultatory (indirect) calibration for licensing can be greatly improved by additional iterative calibration via
intra-arterial (direct) measures of blood pressure. Further clinical trials with repeated use of the device over time are needed to
assess the reliability of the device in accordance with current and evolving guidelines for informed decision making in the
management of hypertension.
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Trial Registration: ClinicalTrials.gov NCT03015363; https://clinicaltrials.gov/ct2/show/NCT03015363 (Archived by WebCite
at http://www.webcitation.org/6xPZgseYS)

(J Med Internet Res 2018;20(4):e111)   doi:10.2196/jmir.8009
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Introduction

Hypertension is a global health problem affecting over a billion
people [1]. If uncontrolled, it is a major risk factor for stroke,
myocardial infarction, and kidney failure; it remains the leading
cause of cardiovascular morbidity and mortality [2,3]. Diagnosis
and management of hypertension relies intensively on the
indirect measurement of blood pressure in outpatient settings.

Manual auscultatory and automated oscillometry (ie, clinical
and patient blood pressure monitoring methods) are common
means for diagnosing hypertension and guiding appropriate
medical management. Current guidelines (Canadian
Hypertension Education Program, CHEP; American Society of
Hypertension; International Society of Hypertension; European
Society of Hypertension, ESH) recommend confirmation of
hypertension (ie, blood pressure ≥135/85) with ambulatory or
home blood pressure monitoring [4-6] . In recent years, there
has been a dramatic growth in automated devices and increased
use of mobile health apps [7]. However, there is limited
information about their accuracy or precision, which creates a
risk for inappropriate therapy or a treatment gap [8,9]. Clinically,
the term treatment gap refers to hypertensive patients who are
left untreated because of underestimated noninvasive blood
pressure readings, which could be a health risk for the patient.

Automated clinical oscillometric or consumer-level devices
have been generally compared with manual auscultatory
measurements [10-12], while studies using invasive blood
pressure measurements for validation or calibration are
increasing [13-15]. Regulatory agencies (eg, Health Canada;
Food and Drug Administration, FDA) license devices without
mandatory independent third-party, peer-reviewed assessment
of the validity of measurements or calibration standards. The
principal directive of regulatory agencies for these
sphygmomanometer devices (Health Canada and FDA Class
II) is to ensure physical safety and personal data security [16,17]
rather than guarantee accuracy and precision for clinical
diagnostic purposes. The minimal requirements prescribed by
Health Canada are not the minimal requirements of a clinician.

Increasingly, automated devices are being assessed against direct
intra-arterial standards for clinical certainty, yet, most still do

not report the uncertainty of the single blood pressure
measurement. Comparing direct and indirect blood pressure
measures simultaneously ensures that intraphysiological
variability can be accounted for in the measures. The difference
between 2 methods can then be validated with multiple measures
within a patient population. There is a growing need for more
accurate devices to measure blood pressure [18] to better
diagnose and manage hypertension according to clinical
guidelines. This could be accomplished by calibration to
simultaneous direct measures in addition to auscultatory
calibration using indirect measurements to reduce the treatment
gap in hypertension. Generally, consumer devices, clinical
devices, and the true invasive blood pressure measures in healthy
and hypertensive patients should be in agreement with each
other. Our objective was to assess the validity of indirect
measures of blood pressure by a wrist-worn blood pressure
device in direct comparison with simultaneously recorded gold
standard intra-arterial blood pressure measures for the purpose
of iterative device calibration.

Methods

Recruitment and Screening
The clinical protocol was approved by the Horizon Health
Network Research Ethics Board, and the study is registered
with the National Institute of Health Clinical Trials Registry
database (NCT 03015363). The patient participant
inclusion/exclusion criteria were: (1) a referral from the patient’s
attending cardiologist to undergo a first-time nonemergent
diagnostic cardiac catheterization procedure for clinically valid
indications; (2) participants aged ≥19 years; (3) wrist
circumference should be in the range of 13.5 to 23 cm; (3)
participant should be willing to voluntarily sign the
study-specific informed consent form; and (4) participant should
have no previous percutaneous coronary intervention, coronary
artery bypass graft, abdominal aortic aneurysm, peripheral
vascular disease, aortic stenosis, arrhythmia, tremors (before or
during procedure), or carotid bruits. In accordance with the
Association for the Advancement of Medical Instrumentation
(AAMI) standards for clinical investigation using
reference-based invasive blood pressure monitoring [19], we
undertook a 2-day protocol (Figure 1).
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Figure 1. Procedural overview: timelines for patient recruitment and data collection. Day 1-Timeline intake of patients for inclusion screening followed
by consent and initial data collection. N and R are 2 trained investigators measuring blood pressure twice using the auscultatory method (aus); initial
baseline readings used an automatic upper arm cuff (auto.). Day 2-Timeline for simultaneous invasive and noninvasive blood pressure measurements.

Blood Pressure Measurements
Logistically, the wrist cuff cannot be applied to the same arm
that is being cannulated for radial pressure. Thus, patients were
screened for bilateral upper arm auscultatory blood pressure
equality (day 1; within ±10 mm Hg systolic and ±5 mm Hg
diastolic pressure; see Multimedia Appendix 1) by 2 separate
blinded readings performed using an upper arm aneroid
sphygmomanometer (Welch Allyn Canada Ltd, Mississauga,
ON) by 2 health professionals (Figure 1). This ensured that all
patients did not have undiagnosed peripheral vascular disease
to cause arm inequality in blood pressure. All eligible
participating patients voluntarily provided documented informed
consent. After obtaining the consents, 4 blood pressure readings
were taken approximately 1 min apart to establish a baseline
(Figure 1); 3 different devices were used for general
observational comparison, according to standard procedures or
manufacturers’ instructions: (1) an oscillometric wrist cuff
device (Cloud Diagnostics Inc, PULSEWAVE Health Monitor,
Kitchener ON), (2) an upper arm oscillometric device (Welch
Allyn Canada Ltd, Mississauga, ON), (3) and an upper arm
aneroid sphygmomanometer (Welch Allyn Canada Ltd,
Mississauga, ON). The pulse pressure waveform recorded by
the wrist cuff device was digitized at 100 Hz and stored securely
on a cloud-based server for subsequent analysis.

On the day of the cardiac catheterization procedure (Day 2),
patients were given 1mg of midazolam and 50 µg of fentanyl
for presedation ; blood pressure readings were taken as indicated
in Figure 1 with the patient in the supine position. A total of 10
readings were taken with 2 measurements for each method
(Figure 1); the first set of 2 wrist cuff measures were taken for
patient conditioning and were not subsequently used for
comparison in this study. The second set of 2 wrist cuff
measures were taken while simultaneously recording 2
intra-arterial pressures at the right radial artery. The third set of
2 wrist cuff measures were taken while simultaneously recording

2 intra-arterial pressures at the ascending aorta. Each
measurement was treated independently throughout this study
(N=160 intra-arterial measurements in total for recalibration;
20 participants). Digital records of previously monitored data
in a clinical setting using indirect, double-observer auscultatory
measurements were secured for the purpose of clinical
comparative analysis (N=375 measurements; 97 participants).

Intra-arterial pressure was measured with a fluid-filled 5 or 6
French gauge catheter (Cordis AVANTI+) attached to a pressure
transducer (NAMIC, Navilyst Medical, Marlborough, MA,
USA), which is consistent with the recent recommendation by
the ARTERY Society task force [20]. The pressure transducer
was zeroed before the start of the catheterization procedure.
Intra-arterial pressure was recorded with hemodynamic software
(MAC-LAB, General Electric Company). To avoid verapamil
or heparin-induced changes in vascular tone, both drugs were
administered as per standard of care procedure after pressure
readings were complete.

Calculated device values of systolic and diastolic pressures were
initially derived from the Cloud Diagnostics Inc application
reports (original auscultatory calibration). The intra-arterial
dataset was split into a training set and a testing set using the
jackknife technique, as originally described [21]. The jackknife
technique is a power data analysis tool suitable for small original
data samples. In a dataset of N readings, the jackknife iterative
processing can be described as the systematic resampling of a
single reading from the entire dataset to be used as the testing
set and the rest N−1 readings are used as the training set. This
is repeated N times and during the ith iteration, the ith reading
is chosen as the testing set and the rest N-1 readings are chosen
as the training set. During each iteration the training set is used
to obtain calibration coefficients, which are then used on the
testing set. After making algorithm adjustment, new systolic
and diastolic pressures were obtained directly from the engineers
at Cloud Diagnostics Inc.
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Statistical Analysis and Data Reporting
Data analysis was performed via Bland-Altman (Tukey mean
difference) plot analysis [22,23] to assess the accuracy of the
wrist cuff relative to intra-arterial measures. Systolic and
diastolic validity was set a priori as any 2 measures being within
10 and 5 mm Hg, respectively (based on a normally distributed
relevant clinical population) [24,25] (See Multimedia Appendix
2). The absolute mean difference and SD of all Bland-Altman
plots are reported as the bias [20,26,27] (Also, see Multimedia
Appendix 3). A one-tailed Fisher exact test was used to
determine the sensitivity of the device in assessing measures of
hypertension versus normotension.

Results

Blood Pressure Device Calibration
Here, we used intra-arterial blood pressure measurements in
comparison with the noninvasive wrist cuff method (Figure 2).

A total of 74 potentially eligible patients were screened, of
which 37 consented, 3 withdrew, and 14 failed to meet the
criteria during the (day 2) procedure. A summary of the patients’
characteristics that completed all aspects of this study is
presented in Table 1.

The mean direct right radial arterial systolic pressure was 145.7
(SD 20.2) mm Hg, and the mean direct ascending aorta systolic
pressure was 133.4 (SD 22.0) mm Hg. This illustrates the real
physiological difference of 14.4 (SD 10.3), with P<.001, as a
result of pressure augmentation [28]. There was no physiological
difference in direct right radial arterial diastolic pressure and
direct ascending aorta diastolic pressure (66.2 [SD 9.1] mm Hg
vs 67.4 [SD 8.7] mm Hg), respectively; absolute mean difference
of 5.1 (SD 3.6), P=.23).

Initially, the absolute mean difference of the wrist cuff compared
with direct systolic measures using the original auscultatory
calibration settings was 10.8 (SD 9.7), with P<.001, while the
absolute mean difference of the diastolic measures was 16.1
(SD 6.3), with P<.001 (See Multimedia Appendix 4). Next, we
adjusted the algorithm using the intra-arterial blood pressure
datasets. First, we applied an iterative calibration of the wrist
cuff to radial artery pressures, and the absolute mean difference
of the systolic and diastolic measures was 7.9 (SD 6.6), with
P=.87 and 4.3 (SD 3.3), with P>.99, respectively (Figure 3).
However, we noted a negative slope trend line that may suggest
an attenuated pressure when intraradial systolic pressure is
greater than 150 mm Hg. Then, we calibrated the wrist cuff to
ascending aortic pressures, and the absolute mean difference of
the systolic and diastolic measures was 7.2 (SD 5.1), with P=.97

and 4.3 (SD 3.3), with P=.98, respectively (Figure 2), with a
near 0 systolic pressure trend.

To further assess the value of the central algorithm
independently of our calibration dataset, we sourced an
arms-length dataset of double-observer auscultatory blood
pressure measures from Cloud Diagnostics Inc (375
measurements; 97 participants). The average absolute mean
difference of the initial algorithm markedly improved with the
central pressure calibrated algorithm in both the systolic and
diastolic pressures (7.5 [SD 7.3] vs 6.1 [SD 4.7] and 18.0 [SD
7.6] vs 9.8 [SD 6.0], respectively; see Multimedia Appendix
5). This is an improvement in accuracy of 20% with 38% less
variability for systolic measures and 46% more accuracy with
19% less variability for diastolic measures using an independent
dataset. Therefore, central pressure calibration improved the
accuracy and reliability of the wrist-cuff device comparisons
to direct pressures and upper arm cuff measures, which is
relevant to clinical practice guidelines.

Blood Pressure Variability Assessment
To demonstrate measurement variability, a representative
illustration of instantaneous intra-arterial pressures that were
recorded every 10 s over a period of 4 min is shown in Figure
4. Measurements varied by approximately 20 and 10 mm Hg
for systolic and diastolic pressures, respectively.

Subsequently, all invasive measures having SD 1 were plotted
(Figure 5). Direct pressure analysis (both radial and aortic)
illustrates pressure augmentation of peripheral blood pressure
(Figure 5). Several measures have an SD that crosses the clinical
threshold for diagnosing hypertension based on the CHEP
guidelines [4] or the Systolic Blood Pressure Intervention Trial
(SPRINT) [29]. Similar results were obtained by plotting the
indirect measures (Figure 5). Taken together, in the absence of
intraphysiological variability reporting (Figure 5), the wrist cuff
produces diagnostically similar data to direct arterial pressure
with a lower treatment gap risk than a noncalibrated indirect
measure, such as the upper arm measures used in this study.
Approximately 75% (15/20) of the patients in this study were
already diagnosed with hypertension. According to direct
intra-aortic and indirect wrist cuff measures, approximately
40% (Figure 5) were above the blood pressure target provided
by the CHEP guidelines. When measures were plotted as being
either hypertension positive or negative, the centrally-calibrated
wrist cuff measures were on par with direct aortic measures
using either CHEP- [4] or SPRINT-based [29] thresholds (Figure
5), whereas there was a significant difference between direct
aortic pressure measures and calibrated wrist cuff measures
compared with the upper arm cuff (P=.04; see Figure 5).
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Figure 2. Physiological tracings. Representative hemodynamic tracing from the intra-arterial pressure catheter with electrocardiogram (ECG).
Representative pulse waveform report from the wrist-cuff blood pressure device.

Table 1. Patient participant characteristics.

Patient participants (N=20)Characteristics

15/5Sex (male/female)

62.0 (SD 9.0); 43-77Age in years, mean (SD); range

30.6 (SD 5.7); 21-45.4BMIa, mean (SD); range

Central aortic pressure (mm Hg)

133.4 (SD 22.0); 96.7-179.3Systolic, mean (SD); range

67.4 (SD 8.7); 50.6-85.1Diastolic, mean (SD); range

Peripheral arterial pressure (mm Hg)

145.7 (SD 20.2); 113.0-184.8Systolic, mean (SD); range

66.2 (SD 9.1); 49.4-84.8Diastolic, mean (SD); range

15.5-21.5Wrist circumference in cm (left), range

15 (3/17)Smoking, % (Y/N)

35 (7/13)Diabetes, % (Y/N)

70 (14/6)Statin, % (Y/N)

75 (15/5)Hypertension, % (Y/N)

aBMI: body mass index.
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Figure 3. Direct intra-arterial blood pressure agreement with indirect wrist cuff measures. Bland-Altman plot analyses of pressure measurement
agreement with: systolic and diastolic blood pressure wrist cuff measurements after peripheral algorithm (PA) adjustment and direct right radial artery
(RRA) blood pressure measurements (N=20; mean=80), and systolic and diastolic blood pressure wrist cuff measurements after central algorithm (CA)
adjustment and direct ascending aorta (AA) blood pressure measurements (N=20; mean=80).

Figure 4. Simultaneous recordings of direct and indirect blood pressures. Representative illustration of instantaneous intra-arterial blood pressures
every 10 s over 4 min (blue=systolic; red=diastolic) along with 2 simultaneous readings of wrist cuff blood pressure (green=systolic; purple=diastolic)
with SD. Wrist cuff blood pressure is acquired over approximately 1 min (gray boxes).
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Figure 5. Relevant threshold comparison of peripheral and central pressures, directly and indirectly. Direct intra-arterial systolic pressure measurements
from the right radial artery (magenta) and ascending aorta (green). Indirect wrist cuff systolic pressure measurements using the peripheral algorithm
(black) and central algorithm (blue); upper arm measurements included with no possibility of a measure of uncertainty. All course of mean systolic
measures (without SD) with guideline and trial target thresholds. Note: gray box shows upper arm measures at risk of treatment gap based on Canadian
Hypertension Education Program (CHEP) and Systolic Blood Pressure Intervention Trial (SPRINT) thresholds.

Discussion

Principal Findings
In this study, we assessed the validity of indirect measures of
a novel wrist cuff blood pressure device in direct comparison
with simultaneously recorded gold standard intra-arterial
pressures. This study shows that a calibrated wrist cuff blood
pressure device is in agreement with the precision and accuracy
of intra-arterial pressure measurements in an in-patient setting.
To our knowledge, this study is the first to test and incorporate

iterative calibration of a commercially available blood pressure
device and also the first to show measurement uncertainty in
the device output. This study shows that an automated upper
arm device when compared with other indirect methods was
less accurate than the gold standard calibration used here; this
could reduce the risk of a treatment gap. A calibrated wrist cuff
device, if used properly, is capable of producing measures that
are clinically accurate for the management of systolic
hypertension in accordance with the guidelines for home blood
pressure monitoring. In our center, we identified a clinical need
to use wrist cuff devices for patients in intensive care (eg,
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minimize sleep disturbance) or with physical limitations to
upper arm cuff use (eg, frailty, obesity). To achieve broad
clinical reliability, additional use and monitoring of the device,
such as in clinical trials, is warranted.

Clinical Relevance
This wrist cuff device offers several advantages in comparison
with many upper arm devices for the measurement and medical
management of hypertension. A common complaint among
patients and front-line health care providers, especially when
performing repetitive blood pressure monitoring, is that they
experience pain with upper arm compression [30]. Frail patients
are more likely to become physically intolerant to multiple daily
measures with an arm cuff. Furthermore, these devices, when
activated in hospitals at night, disrupt essential circadian sleep
quality [31]. Obese, senior, and frail patients most often
experience cuff malposition issues, either from obese, conical
upper arms or from mobility or dexterity issues for self-fastening
and positioning [30]. Patients with conical or obese arms and
the frail elderly are key target demographics in need of
hypertension identification and management.

Individual blood pressure measures from this wrist cuff device
report the degree of uncertainty in each measure. While several
mean blood pressure measurements were below the threshold
for hypertension based on the CHEP guidelines [4] or the
SPRINT trial target [29], they were within 1 SD of the threshold.
This poses the question as to whether these patients would
benefit from more aggressive therapeutic intervention. Future
work should assess the frequency by which this occurs in an
outpatient setting using a longitudinal study.

Calibration Issues With Indirect Oscillometric Devices:
Peer Review, Interdependence on Therapeutics, and
the Level of Uncertainty
The variability between radial and aortic pressures is a function
of differences in compliance, vasoactivity, and pressure
augmentation, which become more variable with aging and
disease [25,28,32]. Thus, noninvasive blood pressure can be
calibrated to either radial artery or aortic pressure. Specifically,
a universal protocol that recommends intra-arterial pressure as
a reference standard to validate noninvasive blood pressure is
currently being developed via collaboration of the AAMI and
the ESH [20]. While this wrist cuff blood pressure device was
calibrated to aortic pressures [20,33-37] in this study, we also
presented wrist cuff blood pressure data calibrated to either
radial artery or aortic pressures for scientific interest. This
natural intraphysiological variability from the mean (Figure 4,
dashed line) is derived from variability of neuro-endocrine
stimulation, arterial tone, heart rhythm, cardiac output, and
respiration. Thus, the correct and accurate way to calculate
blood pressure should include intrinsic measures of variance
[38] (measure of uncertainty or SD). This was achieved for the
first time with a blood pressure device that reported an SD for
each measure.

Blood pressure devices are almost exclusively calibrated to
manual auscultatory measurements [10-12,17]. In addition to
the calibration inconsistency among blood pressure devices as
previously described [18], unreliable measurements among

automated blood pressure devices are common [39,40]. Most
protocols for device comparison are focused on variability
within a population rather than variability of blood pressure
measures within an individual. Most automated devices currently
do not report the uncertainty of the blood pressure measure. We
also observed that upper arm measures were not in agreement
with aortic pressures and could produce a treatment gap of
approximately 20%. The need to align blood pressure measures
with the medical management of hypertension is of paramount
importance [41]. Additionally, many (medical or life) insurers
have a vested financial interest in the reliability of blood
pressure as an index of health in determining premiums and
eligibility. Fundamentally, the management of hypertension
and blood pressure devices are interdependent, yet a barrier to
achieving optimal disease management is, at least in part, related
to the current lack of information about their precision, accuracy,
and level of uncertainty. Indeed, systematic review of
noninvasive blood pressure devices reportedly meeting the
engineering standards of either the AAMI, ESH, or British
Hypertension Society protocols [19,42,43] are inconsistently
adhered to and are not always in agreement [18]. Often,
incongruent variables are reported in the Bland-Altman analyses
that invariably lead to a mean difference of 0 with increasing
n-values, which is statistically unacceptable [27], whereas
clauses in the protocol can allow for removal of potentially
relevant measures (ie, 12/8 rule) [44]. Furthermore, engineering
and clinical standards are not comparable—the former is
concerned with device reproducibility, while the latter is
concerned with interpatient and intrapatient variability.
Regulatory agencies (eg, Health Canada, FDA) that license
these devices are responsible only for aspects relating to product
safety and the comparability to other market devices and not
for determining the validity of the measurements, [16,17]. More
efforts are required to advance device quality and functionality
using a patient-centered approach to accommodate the
interdependencies between blood pressure devices and (clinical
trial-approved) therapeutics for the management of hypertension
[8,9]. A universal protocol that is clinically practical and can
consistently determine device validity, including when
challenged by a direct pressure analysis, is currently being
developed and estimated to be released in 2018 [20].

Study Limitations and the Impact of Precise and
Accurate Blood Pressure Measures on Current Clinical
Guidelines
Further calibration studies using this device should include
special populations such as pediatric, obese, or frail patients,
or those with an underlying arrhythmia or peripheral vascular
disease. Also, patients with peripheral movement artifacts (eg,
tremors) represent an incremental challenge to wrist cuff devices
that would be less pronounced for upper arm cuff devices.
Finally, more work is required to determine whether diastolic
pressure and diagnoses using indirect diastolic pressure measures
are required to be accurate to direct central pressures.

To diagnose hypertension according to guidelines, we must be
confident with device measures [45,46]. It is encouraging that
large clinical trials have demonstrated improved outcomes in
populations achieving even 1 mm Hg reductions in blood
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pressure, yet devices have no provision for this single digit
resolution for an individual patient. Guidelines tend to utilize
5 mm Hg increments and we are not aware of any device that
has this resolution without applying variability filtering [44].
Indeed, intrapatient variability of blood pressure within a short
period of time can vary by increments of >10 mm Hg,
notwithstanding intraday variability of 25 mm Hg or more. This
not only necessitates serial averaging of blood pressure measures
but also compounds the standard error in the mean of measures.
A greater awareness of uncertainty could help to establish
criteria of acceptability in a measure. Now, the question, given
the recent results of the SPRINT trial [29], whether the lowering

of the blood pressure target was achieved by having patients at
120 mm Hg or the consequence of greater certainty in patient
catchment below the existing 135 mm Hg threshold will have
to be faced. Future clinical trials should report the devices used
for blood pressure analysis and their level of uncertainty. This
will provide an opportunity to factor in-device uncertainty as
guidelines are further refined.

Conclusions
The wrist cuff calibrated here to the gold standard—the central
(ascending aortic) pressure—is an accurate device that can be
used in accordance with guidelines for informed decision
making in the management of systolic hypertension.
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Abstract

Background: Patients with orthopedic conditions frequently use the internet to find health information. Patient education that
is distributed online may form an easily accessible, time- and cost-effective alternative to education delivered through traditional
channels such as one-on-one consultations or booklets. However, no systematic evidence for the comparative effectiveness of
Web-based educational interventions exists.

Objective: The objective of this systematic review was to examine the effects of Web-based patient education interventions
for adult orthopedic patients and to compare its effectiveness with generic health information websites and traditional forms of
patient education.

Methods: CINAHL, the Cochrane Library, EMBASE, MEDLINE, PsycINFO, PUBMED, ScienceDirect, Scopus, and Web of
Science were searched covering the period from 1995 to 2016. Peer-reviewed English and Dutch studies were included if they
delivered patient education via the internet to the adult orthopedic population and assessed its effects in a controlled or observational
trial.

Results: A total of 10 trials reported in 14 studies involving 4172 patients were identified. Nine trials provided evidence for
increased patients’knowledge after Web-based patient education. Seven trials reported increased satisfaction and good evaluations
of Web-based patient education. No compelling evidence exists for an effect of Web-based patient education on anxiety, health
attitudes and behavior, or clinical outcomes.

Conclusions: Web-based patient education may be offered as a time- and cost-effective alternative to current educational
interventions when the objective is to improve patients’ knowledge and satisfaction. However, these findings may not be
representative for the whole orthopedic patient population as most trials included considerably younger, higher-educated, and
internet-savvy participants only.

(J Med Internet Res 2018;20(4):e143)   doi:10.2196/jmir.9013

KEYWORDS

patient education as topic; health education; orthopedics; internet; humans; preoperative care; patient satisfaction

Introduction

Background
Patient education is a valuable part of care that enables patients
to be informed, active participants in their own treatment [1-3].
Traditionally, it is provided through face-to-face teaching
methods by health care professionals (HCPs) [3-5]. These
methods are often supplemented with written booklets or
pamphlets [4,6], or multimedia channels such as audiotapes,
digital versatile disc, and video [7,8]. However, as both internet

access and the availability of health information on public
websites increases, it is now common for patients to also use
the internet to learn about health and illness [9]. People with
orthopedic conditions such as osteoarthritis, rheumatic arthrosis,
or trauma form no exception to this trend. Internet use among
this group increases rapidly: 79% of patients had internet access
in 2012, and among them, 23% in 2010 to 65% in 2012 had
used the internet to research their orthopedic condition or
upcoming treatment [10,11].
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Patients themselves are positive about using the internet to find
health information. They perceive online health information to
produce health benefits and social benefits (eg, improved
self-care behavior and better social support) in a manner that is
easily accessible, cost-effective, and time-effective [12].
Reactions of HCPs, however, have been mixed. It is recognized
that health information that is distributed online can incorporate
unique features such as tailored information, multimedia, and
interactivity to keep patients engaged with the educational
material [12,13]. For example, McKay and colleagues
incorporated interactive elements in their internet-based diabetes
self-management support intervention by allowing patients to
live chat with each other and HCPs [14]. That such elements
can ultimately enhance the education’s effectiveness is
demonstrated, for example, in the fields of breast cancer and
general surgery: Web-based patient education increases patients’
knowledge and satisfaction [15,16], improves the
physician-patient relationship [17], and creates awareness about
health issues in the general population [18]. Despite these initial
successes, concerns with Web-based education have been voiced
in orthopedic practice as well. Most of these stress the poor
quality of online health information, which is deemed overly
commercialized and poorly readable even when produced by
qualified HCPs [19-21]. Furthermore, despite increasing internet
access in the population as a whole, clinicians fear the
generalizability of previous findings to elderly patients who
may be inexperienced with internet usage [13,17,22]. To
acknowledge these potential downsides while meeting patients’
demands for online patient education, it is important to
systematically examine and evaluate the effects of Web-based
educational interventions that are currently in place.

This review follows the definition of Roter and colleagues [23]
in defining educational interventions as “pedagogic
interventions, verbal or written, with a knowledge-based
emphasis designed to convey information.” This distinguishes
educational interventions from behavioral and affective
interventions that focus on shaping behavioral patterns and
appealing to feelings and emotions, respectively. The core aim
of educational interventions is knowledge acquisition by patients
[8,18,19,22]. With knowledge, the patient can participate in
decision making and build skills for self-care [20]. In this way,
increased knowledge can result in better clinical outcomes and
ultimately improve the patient’ quality of life [24].

Web-Based Patient Education in Comparison With
Traditional Patient Education
When evaluating Web-based patient education, it is inevitable
to compare its effectiveness with that of traditional patient
education. Therefore, the first aim of this review was to compare
the effectiveness of Web-based patient education with the more
traditional methods for patient education, such as face-to-face
teachings or the use of print materials. To make an accurate
comparison between the two, we will provide a brief overview
of the effectiveness of traditional patient education as identified
in previous systematic reviews below.

In orthopedic practice, positive effects following traditional
patient education include increased knowledge regarding
surgical procedures and the informed consent process, improved

self-management skills, and reduced length of stay [25-28]. Yet,
educational interventions are no more effective than other
interventions such as attention control or physiotherapy [29].
Furthermore, clinical outcomes such as pain and functioning
do not improve following patient education [26,28,30], just as
patient education also does not decrease anxiety in a clinically
meaningful way [26,28]. Finally, there is insufficient evidence
currently available to determine the effect of education on
patients’empowerment and self-efficacy [26], and no systematic
reviews have examined the effect of patient education on patient
satisfaction. From these findings, we hypothesize the following:

Hypothesis 1: Web-based patient education
interventions have a positive effect on patients’
knowledge, but not on anxiety or clinical outcomes.

Web-Based Patient Education in Comparison With
Generic Health Information Websites
As outlined earlier in this introduction, educational interventions
are no longer the sole source of knowledge for patients, as an
abundance of health information is also freely available on the
internet. When patients make use of generic health information
while included in the experimental arm of a Web-based patient
education intervention trial, online health information forms a
potential strong co-intervention [13]. Thus, to accurately
evaluate Web-based patient education, it is important to not
only compare its effect with that of traditional interventions but
also with that of public health information websites. Therefore,
the second aim of this study was to compare Web-based patient
education interventions with health information websites.

Health information websites are often broader in scope than
educational interventions, as they typically target the general
population as well as patients, whereas patient education targets
patients or other members of the health care system only [31].
This means these websites are also unlikely to involve HCPs,
or make use of clinical measurements or other information about
patients that is derived from the health care system. Furthermore,
health information websites are generally not theory-based. In
contrast, patient education interventions are often developed
and implemented using various theoretical frameworks [32].
Although we recognize that use of theory in intervention
development is varied and may be absent from some patient
education interventions as well [31-33], embedment of theory
in general does set apart educational interventions from generic
health information websites. Therefore, we expect and
hypothesize the following:

Hypothesis 2: theory-based, or professionally
facilitated, Web-based patient education interventions
perform better than generic health information
websites.

Review Objective
Concluding, promising results of Web-based patient education
interventions have been reported, but a systematic review of
Web-based patient education specifically for orthopedic practice
has not yet been carried out. The effects of Web-based patient
education can be evaluated in itself but should also be compared
with other interventions currently in place: (1) to traditional
patient education interventions that are theory-based or
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professionally facilitated but are provided through different
channels (such as verbally, written, or by using multimedia)
and (2) to publicly accessible, generic health information
websites that share the same channel of information provision
(the internet) but are generally not theory-based or professionally
facilitated. The overall aim of this systematic review was to
tackle these comparisons by examining the effects of Web-based
patient education interventions on patients with orthopedic
conditions as reported in controlled and observational trials in
comparison with traditional patient education and health
information websites. The questions that guided us in examining
the comparative effectiveness were as follows: (1) “what are
the effects of Web-based patient education on adult patients
with orthopedic conditions?” and (2) “what are the effects of
Web-based patient education in comparison with the effects of
traditional patient education and generic health information
websites?”

Methods

Protocol and Registration
This systematic review has been written according to the
requirements of the Preferred Reporting Items for Systematic
Review and Meta-Analyses statement [34,35]. The review’s
protocol has not been published.

Eligibility Criteria
We included peer-reviewed, controlled, and observational trials
reported in English or Dutch that self-defined as studying the
effects of patient education interventions delivered via an online
environment, including mobile devices, websites, and online
systems, to adult people with any orthopedic illness or condition
and currently receiving treatment for such conditions. Following
our definition of educational interventions, we excluded
behavioral or affective interventions. These may include
educational components but differ from educational
interventions as they specifically target behavioral patterns or
appeal to feelings or social relationships to change patients’
outcomes [23]. As our focus lay with studying interventions,
we did not include studies that only discussed generic, not
theory-based, not professionally facilitated health information
websites and did not compare their effectiveness with
Web-based patient interventions. No mandatory principal
outcomes were defined for studies to be eligible for inclusion
in the review. No restrictions on publication date were imposed
in the search for eligible studies. However, in the final selection
of studies, we excluded studies that were published before 1995
to ensure the review represented current evidence.

Information Sources
Studies were initially identified by searching the electronic
databases CINAHL, Cochrane Central Register of Controlled
Trials, EMBASE, MEDLINE, PsycINFO, PubMed,
ScienceDirect, Scopus, and Web of Science from September 1,
2015 to November 30, 2015. As an example, the search strategy
for the PubMed database can be found in Textbox 1. Search
strategies for the other databases are available in Multimedia
Appendix 1. The search was repeated in September 2017 to
ensure the latest evidence was included. This search strategy
was complemented by reviewing the bibliographies of included
studies to identify additional studies of interest. We contacted
one author for a full-text copy of an eligible study that was
subsequently provided to the review team. For all other articles,
full-text copies were available, and no further contact with the
original authors was made.

Study Selection
The first author assessed the identified studies for eligibility by
title and abstract. The predefined selection criteria were applied
to full-text reports of potentially eligible studies primarily by
the first author in discussion with two review authors (MM and
HdR) until consensus was reached. A third review author (BSG)
was available for arbitration, but this was not required.

Data Collection Process
A structured data extraction sheet was employed to extract data
from included studies. The data extracted included (1) Study
characteristics (ie, author, year of publication, design,
population, and timing of outcome measures); (2) Intervention
characteristics (ie, content and duration of intervention and
control intervention, total sample size, and sample sizes in
separate conditions); (3) Patient characteristics (ie,
sociodemographic variables, health status, and experience with
internet); and (4) outcomes (ie, type of outcome measure,
instrument, and effect). For each study, the effect of the
intervention was coded as (1) significant result (positive + or
negative −), (2) nonsignificant result (=); or (3) not reported
(×).

To provide a structured overview of the components in each
intervention, we employed Barak and colleagues’ [36]
framework for internet-supported interventions. This framework
provides guiding definitions for four components that make up
a Web-based education intervention, including (1) Program
content (educational or behavior change content), (2)
Multimedia use (type of media used to convey program content),
(3) Interactive online activities (activities offered to increase
patient interest, understanding, and engagement), and (4)
Guidance and supportive feedback (if and how patients can
obtain automated or human support and feedback).

Textbox 1. PubMed search strategy for the identification of studies assessing the effects of Web-based patient education interventions for the adult
orthopedic population.

(internet OR “world wide web” OR online OR web-based OR “computer assisted” OR e-health OR network OR “web services”) AND (“patient
education” OR “patient education as topic” [MeSH Terms] OR “consumer health informati*” OR “medical education” OR “health education” OR
“health knowledge, attitudes, practice”[MeSH Terms]) AND (orthopedic* OR orthopaedic* OR “joint replacement” or “arthroplasty” OR “hip” OR
“knee”) AND (Adult OR Aged) AND (Effect OR efficacy OR performance OR result OR outcome)
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Risk of Bias in Individual Studies
To appraise the risk of bias in included studies, data regarding
reporting, external validity, internal validity, and statistical
power were extracted independently by two review authors (TD
and BSG) using a modified version of Downs and Black tool
for assessment of methodological quality [37]. This tool was
selected for its high internal consistency and reliability and its
applicability to both randomized and observational studies
[37,38]. In line with previous studies, the ambiguous item
regarding statistical power was modified to indicate the presence
of a statistical power analysis or sample group calculation by
allocating 1 (present) or 0 (absent) points [39-41]. The range
of the modified tool is 0 to 28, with higher scores indicating
higher methodological quality. Studies were not excluded on
the basis of their methodological quality; however, findings
from medium- and poor-quality studies were given less weight
in the qualitative synthesis than studies of high methodological
quality.

Synthesis of Results
We examined the effectiveness of Web-based patient education
interventions by describing and comparing the characteristics
and results of the included studies, as summarized in the
structured data extraction sheet (see Data Collection Process)
through qualitative synthesis [42]. No meta-analysis was
attempted because of the small number of included studies and
considerable variability in the outcome measures employed.

Results

Study Selection
The search identified 1032 eligible studies of which 10 trials,
reported in 14 papers, met the inclusion criteria and were
included in the review (Figure 1). Five of the included studies
[43-47] concern separate reports of the same trial. To account
for potential inconsistencies in reporting, all five reports of the
trial were included in the review [35].

Study Characteristics
Seven of the 10 trials employed a randomized controlled design,
two an observational design, and one a quasi-experimental
design. Four trials assessed the effect of Web-based patient
education in comparison with traditional patient education
channels, including face-to-face education with a nurse or
physician [43-49] and patient information sheets [50]. Three
trials compared Web-patient education with health information
websites [51-53], and three assessed the interventions’ effects
but did not compare these with either traditional patient
education or health information websites [54-56].

Patient Characteristics
Most of the studies provided Web-based patient education to
patients undergoing surgical treatment, including total knee
arthroplasty [48,50], total hip arthroplasty [48,50,55], knee
arthroscopy [43-49], shoulder arthroscopy [43-48], anterior
cruciate ligament reconstruction [48], and unspecified
ambulatory orthopedic surgery [52].

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) flow diagram presenting identification and selection of
articles for the systematic review of effectiveness of Web-based patient education in orthopedics.
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Two studies provided Web-based patient education to patients
with chronic conditions, including: rheumatoid arthritis [54]
and osteoarthritis [56]. Two studies provided Web-based patient
education to populations at risk for orthopedic conditions such
as osteoporosis [51] and hip fracture [53]. The mean age of
participants across studies was 56.3 years, and the sample was
predominantly female (average 71.3% females in studies
reporting gender). Most studies (70%) reported access to the
internet as an explicit inclusion criterion, and some also required
participants to also have an unspecified level of comfortableness
[49] or skill [43-47,52,53] in using the internet.

Intervention Characteristics
The intervention characteristics of all included studies are
described in Multimedia Appendix 2. Most interventions
consisted of a single website that was developed specifically
for study purposes, whereas 1 study provided patient education
by sharing multiple websites that are publically available [50].
We did not identify any studies that used mobile devices for
patient education.

Program content was specific to each intervention. Most
interventions offered practical information about the orthopedic
condition or treatment, such as the procedures planned for the
day of surgery or instructions for postoperative monitoring
[43-50,52,55,56]. Others focused on providing information
regarding behavioral determinants [51,52] and local health care
services [54]. Only 2 studies explicitly reported using content
that was not primarily educational: patient testimonials or
narratives [53,56].

Half of the interventions conveyed content in a moderate to
highly dynamic manner, meaning that they used three or more
multimedia formats such as text, pictures, videos, animations,
or audio [43-47,51,53,55,56]. The other interventions primarily
used text and pictures to convey the content. We did not find
consistent evidence for the obvious assumption dynamic
multimedia use increases the intervention’s success. For
example, both the static Orthoanswer website (primarily text)
used by Fraval and colleagues [48] and the highly dynamic
social cognitive theory website (text, graphics, audio, animation,
and video) of Nahm and colleagues [56] increased patients’
knowledge. On the other hand, the similarly dynamic website
of Drieling and colleagues [51] did not do so.

While half of the interventions could be considered dynamic in
terms of multimedia use, only one provided highly dynamic
activities (meaning, more than three interactive online activities
were offered) [51]. Activities offered to the patient on the
dynamic Bone Health Improvement Project website included
problem-solving exercises, goal-setting exercises, and
self-assessment. Among the more static websites,
self-assessment was the most common interactive activity
[53,56]. Due to the limited use of interactive online activities,

we were not able to assess the influence interactivity might have
on patient outcomes.

Most websites offered some human support or feedback as part
of the intervention [43-47,51,53,54,56]. Examples of extensive
support include a moderated message board [53] and highly
tailored automated feedback [51,56]. Other interventions offered
fairly limited support by only sharing contact details of a nurse
or other health professional [43-47,54]. Again, there was no
clear evidence that the level of support or feedback provided
had an influence on the interventions’ success.

In terms of duration and frequency of website usage, we
observed considerable variation. This ranged from single 20-min
visits [49] to 18 repeated 60- to 90-min visits over the course
of 6 months [51]. As duration and frequency were not
consistently reported, we were not able to assess a dose-response
relationship between usage of a Web-based intervention and
outcomes.

Methodological Quality of Included Studies
The methodological quality of the studies was moderate, based
on a mean Downs and Black score of 17.67±5.42 out of 28
(Table 1) [37,38]. Most studies adequately reported intervention
and sample characteristics, but the external validity was often
problematic, as was the lack of power analyses.

Outcome Measures of Included Studies
Most studies assessed knowledge acquisition
[44,45,48-51,53-56] (90% of trials) and patient satisfaction,
sometimes through qualitative feedback [46,48,49,51-53,55]
(70% of trials). Other reoccurring outcome measures included
anxiety [48-50], functional outcomes [45,52], and self-efficacy
[46,51,53].

Many studies employed custom instruments that were designed
by the researchers to assess the outcomes of their specific
intervention. This resulted in a broad assortment of instruments
that are difficult to interpret and compare (Table 2). To illustrate
this diversity, consider instruments used to assess knowledge
acquisition. Only one validated instrument (the Osteoporosis
Health Belief Survey) was used in more than one study [51,53].
Four other studies also employed validated instruments, but not
the same ones, as the topics of study (informed consent,
anesthesia, and empowerment) differed considerably
[44,48,50,56]. Four other studies employed instruments that
had been developed specifically for each intervention, though
the authors had pilot-tested or used these before [44,45,53,54].
Finally, 2 studies did not report anything regarding the validity
or testing of their custom instruments [49,55].

The Effects of Web-Based Patient Education
Interventions in Orthopedics
A summary of the effects of Web-based patient education
interventions is provided in Multimedia Appendix 3.
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Table 1. Methodological quality of included studies (ordered by quality).

Downs and Black [37] subscalesaStudy

Overall study qualitybPowerConfoundingBiasExternal validityReporting

High165110Heikkinen et al [44]

High16528Fraval et al [48]

High055110Drieling et al [51]

High14619Nahm et al [53]

High064110Heikkinen et al [43]

High064110Heikkinen et al [47]

High06419Heikkinen et al [45]

High135110Umapathy et al [56]

High05519Yin et al [49]

High15616Groves et al [50]

Medium01519Meesters et al [54]

Medium02507Goldsmith and Safran [52]

Medium03315Heikkinen et al [46]

Low00103Sobel and Popp [55]

High0/15/65/71/39/11Median study quality

aLowest to highest possible score for reporting (0-11), external validity (0-3), bias (0-7), confounding (0-6), power (0-1), and overall quality (0-28).
bPercentage scores were calculated by dividing the final score by the maximum score and multiplication by 100. The percentage scores were used for
ordinal categorization of the studies as low quality (≤33%), medium quality (33.4%-66.7%), and high quality (≥66.8%) [38].

Knowledge Acquisition
Web-based patient education significantly increased patients’
knowledge about orthopedic conditions and orthopedic treatment
[44,45,48-51,53-55]. Web-based interventions were more
effective than interventions provided through traditional
channels [44,45,48-50], and these effects persisted over 2 weeks
[45]. Increased knowledge levels also resulted in patients feeling
more knowledgeable [44,45,49,54,55]. However, feelings of
knowledgeability did not significantly increase more after
Web-based education [44,45], except when provided in addition
to face-to-face sessions [49].

Patients who received educational interventions did not acquire
more knowledge than those who independently reviewed health
information websites. One trial reported that a theory-based
intervention produced higher knowledge levels regarding
osteoporosis than a health information website in healthy older
females [51], but another found no significant difference
between both interventions in the same target group [53].

Patient Satisfaction and Patient Feedback
Patient satisfaction was a main outcome in 2 studies [48,49].
Both found that Web-based patient education had a positive
effect on patients’ satisfaction. Yin and colleagues report a
persistent increase in satisfaction with information and teaching
on the day of surgery (Mi=8.7 vs Mc=7.7, P=.03) and at the first
postoperative visit (Mi=9.2 vs Mc=8.1, P=.01) after exposing
knee arthroscopy patients to a custom online teaching module
with explanations of anatomy, pathology, and perioperative
instructions [49]. Fraval and colleagues report that satisfaction

increased more in orthopedic outpatients who consulted both
the online module and received verbal counseling with their
surgeon compared with those who had only received the latter
[48].

Seventy percent of trials investigated patient satisfaction or
collected qualitative patient feedback but had not defined it as
a principal outcome. Feedback on the online interventions was
generally positive: patients described them as “very effective”
[52], “easy to use” [43,50,55], and “worth the time” [49].
Compared with face-to-face education and health information
websites, Web-based education was mostly evaluated better
[48,53]. Only Heikkinen and colleagues report worse evaluations
in terms of clarity of the content for the Web-based intervention
(mean=79.75) compared with the face-to-face session with a
nurse (mean=86.41), P=.001 [46]. However, both methods were
considered clear enough to warrant further use.

Anxiety
In the 3 studies that assessed patients’ anxiety following
Web-based patient education, no significant effects on anxiety
were found. Knee arthroscopy patients reported few distressing
emotions in general, and anxiety was not influenced by
Web-based patient education or verbal education [47]. After
visiting a website providing an overview of the preoperative,
intraoperative, and postoperative care processes, orthopedic
outpatients were not less anxious about the planned surgery
than patients who had discussed the same content with their
surgeon [48]. For knee arthroscopy patients, using a Web-based
educational tool did also not decrease anxiety about the surgery
but did decrease anxiety about recovery [49].
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Table 2. Patient outcomes and instruments used to assess the effect of Web-based patient education (alphabetical order).

Used inInstrumentOutcome measure

[48]Deaconess Informed Comprehension TestKnowledge acquisition

[53]Hip Fractures Knowledge Test

[44,45]Knowledge Test

[50]Modified Standard Anaesthesia Learning Test

[51,53]Osteoporosis Health Belief Survey

[44]Orthopaedic Patients Knowledge Questionnaire

[56]Osteoarthritis Quality Indicator

[44,45]Sufficiency of Knowledge

[54,55,49]Custom instrument (no name provided)

[48]Client Satisfaction QuestionnairePatient satisfaction and patient feedbacka

[46]Patients’ Evaluations of Education

[53]Perceived Health Website Usability Questionnaire

[49]Custom instrument (no name provided)

[47]Emotions QuestionnaireAnxiety

[48]State-Trait Anxiety Index

[46]Patients’ Evaluations of Education

[49]Custom instrument (no name provided)

[53]Calcium subscale of Osteoporosis Self-efficacy ScaleEmpowerment, self-efficacy, and health attitudes

[51,53]Osteoporosis Health Belief Scale

[53]Outcome Expectations for Exercise Scale

[46]Patients’ Evaluations of Education

[53]Self-efficacy for Exercise

[53]Web-based Learning Self-efficacy Measure

[51]Behavioral Risk Factor Surveillance SystemSelf-management and behavior change

[53]Block-National Cancer Institute Health Habits and History Questionnaire

[51]Brief Physical Activity Survey

[56]Health Education Impact Questionnaire

[53]Yale Physical Activity Survey

[43]The SymptomsClinical outcomes

[52]Verbal Rating Scale of McGill Pain Questionnaire

aQualitative feedback methods [51,52,55] are not included in the table.

Empowerment, Self-Efficacy, and Health Attitudes
Two studies included self-efficacy as a primary outcome
measure and reported contradicting evidence [51,53]. One study
showed that both patients who used a structured social cognitive
theory–based educational intervention and those who browsed
health information websites had increased self-efficacy for
calcium intake, the health behavior of interest [53]. In contrast,
these effects were not replicated in a similar study that reported
that self-efficacy was not influenced by patient education at all
[51]. A lower quality report of the larger randomized controlled
trial of Heikkinen and colleagues reported results that indicate
that Web-based patient education may even adversely influence
self-efficacy. When participants were asked how well they could

act based on the knowledge received in the education, the
intervention group perceived their abilities significantly lower
(mean=82.77) than the control group (mean=88.86), P=.001
[46]. Thus, the extent to which Web-based educational
interventions impact self-efficacy remains unclear.

Self-Management and Health Behavior Change
Only one study assessed the effect of Web-based patient
education on self-management [56]. In Umapathy and
colleagues’2015 study, patients with self-assessed osteoarthritis
used a tailored information tool to enhance self-management
for 12 months. Users of the tool reported increased
health-directed activity, engagement with life, self-monitoring,
skill acquisition, and social integration but not significantly
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more so than nonusers. Users did acquire more knowledge about
self-management and lifestyle as measured with the
Osteoarthritis Quality Indicator and showed a significant
reduction in weight (change score: −6.3%) compared with
nonusers (change score: 2.5%), P= . 03. Although these results
are promising, confounds in the study’s design contaminate its
findings: participants in this study were not randomized to the
conditions, and this opportunity for patients to self-select may
have resulted in motivated users and demotivated nonusers.

Clinical Outcomes
The evidence for an effect of Web-based patient education on
clinical outcomes is limited and contradictory: although access
to a pain management section of an ambulatory surgery website
resulted in a significant decrease in “discomforting” pain scores
after ambulatory surgery [52], Web-based tutorials about knee
arthroscopy had no effect on pain after surgery [43]. In fact, the
second study’s findings suggest that pain may be less effectively
decreased after Web-based patient education in comparison
with face-to-face education. Four weeks after the surgery,
patients who had received Web-based education reported more
pain in other areas (15.7% moderate-high pain) in comparison
with the control group (7% moderate-high pain). However,
three-way interactions between pain, group, and time failed to
reach significance. The same study also reports that other
postoperative symptoms (including tiredness, problems with
digestion, and swelling of the operation area) decreased
regardless of the patient education method used.

Discussion

Overall Findings
This review set out to examine the effects of Web-based patient
education in the care for adult orthopedic patients. This is an
important subject, as orthopedic patients are commonly using
the internet to find health information [10,11] and perceive this
to have an impact on both their health and social environment
[12], although these effects have not yet been systematically
examined. The comparative evaluation of Web-based
educational interventions is especially relevant: to generic health
information websites that potentially form a strong
co-intervention [13] and to traditional patient education
interventions that may be more effective but have higher costs
[12].

This review identified 14 studies that reported the effects of ten
different Web-based patient education interventions targeted
toward the orthopedic patient population. Although the amount
of studies is limited, the overall methodological quality of the
included studies is high. Still, the different studies could not be
compared on a meta-analytic level given the wide variety in
scope, primary outcomes, and means of outcome assessment.
Furthermore, the reported findings may be limited to patients
who were already able to use the internet, as 70% of the studies
included in this review established criteria that excluded
inexperienced, less skilled patients with limited access to the
internet to the trials. Hence, it is difficult to draw definitive
conclusions about the effectiveness of Web-based patient
education interventions.

While keeping these limitations in mind, the currently available
evidence does suggest that patients who are offered Web-based
patient education find the service both usable and satisfactory
[43,48,49,51,52,53,55]. It increases their knowledge levels
[44,45,48-50,53-55], which also results in patients who feel
knowledgeable [44,45,49,54,55] and are able to participate in
the informed consent process [48,49,55]. Web-based education
appeared to be more effective in these aspects than traditional
education methods [44,45,48-50]. Despite their knowledge gain,
the provision of online information to patients does not
subsequently reduce patients’ anxiety [47-49]. These findings
support our first hypothesis that Web-based patient education
interventions would have a positive effect on patients’
knowledge but not on anxiety. Contrary to second hypothesis,
however, Web-based education was not found more effective
than generic health information websites [49,51]. A possible
explanation for this finding is that both Web-based patient
education materials and generic health information websites
suffer from issues such as poor readability [21,57-59].

There is still insufficient evidence to determine the effect of
Web-based patient education on self-efficacy, self-management,
or clinical outcomes. Only 2 studies investigated self-efficacy
[51,53], 1 observational study investigated self-management
[56], 2 studies investigated pain [43,52], and no studies have
assessed patients’ functioning using standardized
patient-reported outcome measures for orthopedic practice, such
as the Western Ontario and McMasters Universities
Osteoarthritis Index or Hip Disability and Osteoarthritis
Outcome Score. Therefore, we were unable to test our
hypothesis that Web-based patient education would not have
an effect on clinical outcomes.

This review illustrates the typical Web-based patient educational
intervention that is currently offered to people with orthopedic
conditions. These are mostly websites focused on practical,
informational content that is presented using multiple media
formats including text, pictures, and video. Most offer some
form of (human) support to patients using the programs but are
still static in terms of interactivity. Still, it seems that online
self-assessment is being recognized as an appropriate strategy
to make educational content more engaging. At this point, there
was not enough evidence to conclude that either of these
intervention characteristics—content, media use, support,
interactivity, or duration—has a consistent effect on the
interventions’ success. However, regarding support provision,
it should be noted that almost all studies that did not specify the
level of support offered on the website did include some form
of provider contact as part of the usual care given to both the
experimental and control groups [48-50,52]. Patients may have
received feedback and support during these meetings, which
makes it difficult to estimate the effects that added online
support or feedback may have. Therefore, future work should
report whether (information and communication technology)
support or feedback was provided as part of usual care.

Most of our findings are in line with previous reviews of
Web-based patient education. We found further support for the
idea that changing the channel of communication in patient
education can increase patient satisfaction, as was tentatively
hypothesized in Nguyen and colleagues’ 2004 review [13].
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Web-based patient education is also equally effective in
orthopedics as in oncology practice [15]. Similarly to orthopedic
patients, breast cancer patients’ knowledge and satisfaction
increased following Web-based education, whereas their anxiety
was not affected. Furthermore, in both fields, a wide variety of
study outcomes and corresponding instruments was identified.
Thus, this review can only further endorse the need for
standardized instruments in the evaluation of Web-based
interventions as previously addressed by Ryhänen and
colleagues in 2010 [15].

Despite the aforementioned replications, we could not determine
whether self-care behavior of orthopedic patients increased
because of Web-based patient education, an effect that has been
identified in cardiovascular patients who were offered online
educational interventions [60]. Because the internet can be used
without constant professional supervision, online interventions
may play a continuous role in the education and support of
chronically ill orthopedic patients [61-63]. Despite this potential,
we found only 1 study that specifically evaluated education
within the context of an online self-management intervention
[56]. This may have been because we have excluded behavioral
or affective interventions from review. This narrow scope
allowed us to precisely examine the effectiveness of education
alone, but a next step for Web-based interventions would be
report separately on educational, behavioral, and affective
content. This will allow those who are tasked with developing
interventions to study the interplay between these components
to determine the “ideal” dose for a specific population or
condition. Taxonomies to facilitate such in-depth examination
of intervention components have already been developed for
behavior change techniques [64] and computer tailoring [65].
Slowly, similar efforts are done for Web-based interventions
as well, such as Barak and colleagues’ internet-supported
interventions model [36] used in this review to describe
intervention components and Win and colleagues’online patient
education features model [12]. Still, a consensus on an
appropriate taxonomy has not yet been reached, and until this
is in place, it will be difficult to estimate the specific role
education can play in enhancing complex outcomes such as
self-management capabilities.

Limitations
This review has several limitations that relate to the
representativeness of the samples included in the studies, the
limited number of included studies, and the lack of a
meta-analysis.

First, the quality of the reported studies was higher than what
previous reviews of Web-based interventions have documented
[13,66]. Most studies provided an elaborate description of the
control groups and interventions, including the specific
interactive elements designed into the programs. Still, the
external validity of the included studies is low; no studies
provided evidence that the included sample was representative
of the entire population. This is concerning considering that

most studies had criteria in place that excluded participants with
less internet use and experience. Compared with these selected
samples, the entire population was likely older [10,67-69], lower
educated [10,68,69], and more likely to receive public care
[10,70]. On the other hand, younger patients are also the ones
who expect more information [71,72], value online services
[73,74], and are most likely to benefit from educational
interventions [75]. Thus, although we cannot conclude that it
serves the whole orthopedic population, Web-based patient
education may be an excellent way to cater to this younger
patients’ specific needs.

Second, we were able to evaluate only a limited number of
studies. Although the initial search identified over a thousand
potential studies, only ten trials specifically evaluated
Web-based patient education interventions in a sufficiently
controlled setting. As a result, we were not able to draw any
reliable conclusions about the effect of Web-based patient
education on patient reported outcomes, including postoperative
pain and functioning, whereas reviews of traditional patient
education show that these outcomes may be affected [28-30].

Third, the studies employed a wide variety of outcome measures
that did not allow for a meta-analysis of the findings. Though
the qualitative synthesis does indicate that Web-based patient
education increases patients’knowledge levels and satisfaction,
we were not able to determine the extent of these effects.
Therefore, their clinical relevance has yet to be determined.

Conclusions
In summary, offering patient education interventions via the
internet to adult people with orthopedic conditions increases
their knowledge about their condition and its treatment
[44,45,47-51,53-55]. Online educational interventions are
typically instructional websites that make use of multimedia
but offer limited interactivity. They are considered usable and
can increase patient satisfaction [43,48,49,50,52,53,55].
However, the provision of online information to patients does
not subsequently reduce patients’ anxiety [47-49].

Given these findings, we tentatively conclude that Web-based
patient education may be offered as a time- and cost-effective
alternative to current educational interventions when the primary
aim of the intervention is to increase patients’ knowledge and
satisfaction. However, there is too little evidence to advocate
for Web-based patient education to replace existing interventions
that aim to improve other outcomes, including self-management
skills, pain, and function. Furthermore, it should be kept in mind
that Web-based interventions currently cater to younger patients
who may not be comparable to the general patient population.
A solution for hospital administrators or health care policy
makers currently planning an educational intervention for
orthopedics patients is to provide Web-based education in
addition to verbal or written components, which allows patients
to select the platform they are most comfortable with while
ensuring satisfactory results.
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Abstract

Background: Low-educated patients are disadvantaged in using questionnaires within the health care setting because most
health-related questionnaires do not take the educational background of patients into account. The Dutch Talking Touch Screen
Questionnaire (DTTSQ) was developed in an attempt to meet the needs of low-educated patients by using plain language and
adding communication technology to an existing paper-based questionnaire. For physical therapists to use the DTTSQ as part of
their intake procedure, it needs to generate accurate information from all of their patients, independent of educational level.

Objective: The aim of this study was to get a first impression of the information that is generated by the DTTSQ. To achieve
this goal, response processes of physical therapy patients with diverse levels of education were analyzed.

Methods: The qualitative Three-Step Test-Interview method was used to collect observational data on actual response behavior
of 24 physical therapy patients with diverse levels of education. The interviews included both think-aloud and retrospective
probing techniques.

Results: Of the 24 respondents, 20 encountered one or more problems during their response process. The use of plain language
and information and communication technology (ICT) appeared to have a positive effect on the comprehensibility of the DTTSQ.
However, it also had some negative effects on the interpretation, retrieval, judgment, and response selection within the response
processes of the participants in this study. No educational group in this research population stood out from the rest in the kind or
number of problems that arose. All respondents recognized themselves in the outcomes of the questionnaire.

Conclusions: The use of plain language and ICT within the DTTSQ had both positive and negative effects on the response
processes of its target population. The results of this study emphasize the importance of earlier recommendations to accompany
any adaption of any questionnaire to a new mode of delivery by demonstrating the difference and equivalence between the two
different modes and to scientifically evaluate the applicability of the newly developed mode of the questionnaire in its intended
setting. This is especially important in a digital era in which the use of plain language within health care is increasingly being
advocated.

(J Med Internet Res 2018;20(4):e140)   doi:10.2196/jmir.7940
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Introduction

Background
It is widely known and accepted that patient-centered care has
the potential to increase the effectiveness of health care in
general [1]. Unfortunately low-educated patients are not always
able to benefit from a patient-centered care approach. A possible
explanation for this can be found in the fact that patient-centered
care demands of patients to take an active mutual partnership
in the patient-provider interaction [2,3]. Patient-centered care
puts a relatively strong emphasis on communication and
information and takes the patient’s perspective as a starting
point [4,5]. Low-educated people have trouble providing
information about their health problems to health care
professionals. It is often hard for them to determine which
information their health care provider (HCP) needs. The majority
of them lack the health care vocabulary to report symptoms
accurately, and they tend to provide information in a way that
is illogical and difficult to comprehend by their HCP [6]. Having
trouble providing information causes problems in
patient-provider interaction, which impacts health outcomes
negatively [7]. Evidence shows that the use of standardized
health-related questionnaires contributes to the quality and
patient centeredness of patient-provider interaction [8-13].
However, as most health-related questionnaires are not designed
in ways that meet the needs of low-educated patients, these
patients are disadvantaged in using them effectively within the
health care setting [11-13]. In 2016, 9.5% of the Dutch
population in the age range of 15 to 75 years had an educational
level of primary school at most [14]. These people specifically
are at risk when it comes to understanding and using health
information [15]. If low-educated patients would be able to
complete standardized health-related questionnaires
independently and accurately, this might help them to provide
relevant information on their health problem in a way that is
logical and understandable to their HCP.

The content of the most frequently used questionnaire in Dutch
physical therapy practice [16], the Patient Specific-Complaint
(PSC) questionnaire [17], fits the goal of helping patients to
provide relevant information regarding their health problem to
their physical therapist. It is aimed at making the patient select
his main limitations in functioning and formulate his own
specific treatment goals. This paper-based questionnaire is
responsive and sensitive to change to complaints that are highly
relevant to the individual patient [17,18]. However, all members
of the Dutch study sample of a recent study on the PSC
questionnaire had problems completing it independently. All
these 25 respondents, whose education levels varied from
primary education to doctoral degrees, had trouble
comprehending and interpreting one or more parts of the
questionnaire. Six of them had difficulties finding a well-fitting
answer to one or more questions. Due to these problems, the
questionnaire generated invalid information in thirteen cases.
Within the group respondents who provided invalid information,

patients with no or primary education only were overrepresented
[19].

The Dutch PSC questionnaire [17] was used as a starting point
for the development of a user-friendly health-related
questionnaire that meets the needs of low-educated physical
therapy patients. This aim was met by using plain language and
taking advantage of the possibilities of information and
communication technology (ICT) by offering alternatives to
text (eg, audio, pictures, and movies), self-explanatory scales,
and easily accessible background information on the
questionnaire’s rationale. This resulted in the prototype of a
new interactive questionnaire called the Dutch Talking Touch
Screen Questionnaire (DTTSQ). The codesign process that led
to the development of this prototype was described in detail by
Cremers et al in 2015 [20].

Objective
The aim of this study was to get a first impression of the validity
of the prototype of the DTTSQ by analyzing the response
processes of patients with diverse levels of education. The
research question that underlay this study was, “What problems
occur during the response process of physical therapy patients
with diverse levels of education while they complete the Dutch
Talking Touchscreen Questionnaire?”

Methods

Design
A qualitative study was conducted. The Three-Step
Test-Interview (TSTI) method [21] was used to collect
observational data on actual response behavior of the
respondents. The interviews included both think-aloud and
retrospective probing techniques. Qualitative pretesting of
questionnaires using cognitive methods such as the TSTI [21]
is a well-known step within the development process of
health-related questionnaires [22-25]. It enables researchers to
give answers to questions such as the following: do all
respondents understand the questions in the same way, do the
questions ask for information that the respondents have and can
retrieve, and does the wording of the questions provide
respondents with all necessary information they require to be
able to answer them in the way that was intended by its
developers [22]?

Device
The DTTSQ was developed during a user-centered design
process [20], which meant that low-educated persons were
closely involved in designing the questionnaire. As a result,
questions about pain location and pain intensity were added to
the original questions that addressed the nature and severity of
limitations in activities of daily living and the priority in which
these limitations should be focused on during physical therapy.
Needs regarding ease of use were met by the use of visual
(pictures and videos) and auditory (speech) support, which was
added to the questions. Respondents could insert their answers
by tapping on the touch screen. The DTTSQ started with an
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introductory video clip in which a host explains the purpose of
the questionnaire and gives instructions on how to use the
questionnaire (see Multimedia Appendix 1, screenshot 1
“Welcome”). All the questions were shown on separate screens.
The application did not have a back function, so respondents
could only move forward. After the first three questions, a new
clip was shown to introduce and operationalize the term
“activities” and to give instructions on an additional navigation
function within the activity screens (see Multimedia Appendix
1, screenshot 6 “Activities”). The questionnaire finished with
a video clip in which the host thanked the respondent for
completing the questionnaire, explained what the physical
therapist would do next, and announced that the questionnaire
would end and close down automatically (Multimedia Appendix
1, screenshot 16 “Thank you”). To help patients keeping track
of their answering process, overviews of their answers were
shown regularly during the response process (see Multimedia
Appendix 1; screenshot 5 “Overview location of the health
problems,” screenshot 8 “Overview activities,” screenshot 10
“Overview most important activities,” screenshot 14 “Overview
most important activities and effort,” and screenshot 15
“Overview all outcomes of the questionnaire”). For respondents
who needed help or wanted more information on questions
and/or answering options, a help function was provided. When
the help function was activated, the question and answering
options, as well as instructions on operation and background
information on the questions, were given in spoken word [20].

Recruitment Strategy and Participants
Recruitment took place in eleven primary care practices in
deprived areas of Utrecht, The Netherlands. Potential
participants were invited by their physical therapists to
participate in this study. The physical therapists shortly
explained the goal of the study and provided the patient with
an information letter that was written in plain Dutch language.
If patients were interested, the physical therapist asked
permission to give the patients’ telephone number to researcher
IT. Then researcher IT (1) Contacted the patient by telephone,
(2) Again shortly explained the aim of the study, (3) Made sure
the patient understood what was asked of him/her, (4) Answered
any question the potential participant may have had, and (5)
Checked the inclusion criteria. Inclusion criteria for participants
were as follows: aged 18 years or older, Dutch as their first
language, and both parents born in The Netherlands. The
sampling procedure was aimed at getting a broad variation in
levels of education and age, plus balance in our sample regarding
gender. Throughout the recruitment process, the recruiting
physical therapists were constantly kept informed about the
profiles of participants the researchers were looking for. In total,
24 physical therapy patients were included in this study.
Characteristics of study population can be found in Tables 1
and 2.

Data Collection and Procedures
Data collection took place at the respondents’ homes or at the
physical therapy practice of the respondent’s physical therapist.

The choice of location depended on the preference of the
respondent. Two researchers were present (researchers IT and
JS). Researcher IT conducted the interviews. When researcher
JS missed information, she asked complementary questions.

The TSTI method was conducted as follows [21]:

Step 1
Researchers IT and JS observed each respondent as they
completed the DTTSQ while thinking out loud. This step was
aimed at collecting observational data regarding the respondent’s
response behavior. The data collected consists of two types: (1)
observations of respondent’s behavior and (2) think-aloud data.
The data were recorded in the form of videotapes as well as
audiotapes for later analysis and real-time notes by the
researchers for use during the interview itself and later analysis.
The researchers wrote their notes down on hardcopies of print
screens of the DTTSQ.

Step 2
After the respondent finished completing the DTTSQ, researcher
IT conducted an in-depth interview to clarify and complete the
observational data. During this step, researcher IT only focused
on those actions or thoughts she felt not fully informed about
or were not fully clear to her. This step was aimed at filling
gaps in the observational data and check information.

Step 3
During the final step, researcher IT conducted a semistructured
interview aimed at eliciting experiences and opinions of the
respondent. In this part of the interview, the respondent was
stimulated to add secondary data such as accounts and reports
of feelings, explanations, preferences, recommendations, etc.
Researcher IT asked the respondent to paraphrase questions and
to explain in his own words how he interpreted the question
and why he chose the answering options he chose. When a
respondent encountered problems in responding to a question,
he was asked what he thought the exact nature of the problem
was and why he behaved as he did in response to the question.
He also was asked for suggestions for improvement of the
question in terms of wording, layout, instructions, etc.
Additionally, the respondent was asked to describe his health
problem(s) and treatment goal(s) in his own words. Comparing
these descriptions to the respondent’s responses to the
questionnaire during step 1 of the TSTI provided useful
information as indicators of the validity of the data collected
by the DTTSQ. Finally, the respondent was asked if he
recognized himself in the outcomes of the questionnaire that
were shown at the end of the questionnaire (see Multimedia
Appendix 1, screenshot 15 “Overview all outcomes of the
questionnaire”). After the TSTI was finished, researcher IT
collected the demographic data through a brief structured
interview.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e140 | p.422http://www.jmir.org/2018/4/e140/
(page number not for citation purposes)

Welbie et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Characteristics of the respondents subdivided according to their level of education.

Highly educatedc respondents (n=5)Moderately educatedb respondents (n=13)Low-educateda respondents (n=6)Characteristic

56 (32-76)50.5 (18-73)65.8 (47-79)Mean age (range), years

Gender, n

252Male

384Female

aLow means no education or primary education.
bModerately means lower secondary education, (upper) secondary education, or postsecondary nontertiary education (including vocational education).
cHighly means tertiary education (bachelor’s degree or higher).

Table 2. Characteristics per respondent.

Last occupationEducational levelaAge (year)Pseudonym

Truck driverLow47Jerome

Cleaning ladyLow56Michelle

Cleaning ladyLow66Ida

Home painterLow70Ronald

Cleaning ladyLow77Dora

Cleaning ladyLow79Ilene

StudentModerate18Peter

StudentModerate18Jude

PhotographerModerate19Joline

Graphic designerModerate39Sandra

Nurse for mentally disabled peopleModerate39Christine

Domiciliary careModerate56Lydia

SaleswomanModerate60Rose

Administrative officerModerate61Francine

Project coordinatorModerate64Henry

CashierModerate68Bob

Home painterModerate70Roger

Order pickerModerate72Bill

Administrative officerModerate73Mia

Management assistantHigh32Ellen

ArtistHigh54Helga

Management assistantHigh55Jill

Financial controllerHigh63Harald

Lecturer chemistryHigh76Bernie

aLow refers to no education or primary education; moderate refers to lower secondary education, (upper) secondary education, or postsecondary
nontertiary education (including vocational education); and high refers to tertiary education (bachelor’s degree or higher).

Data Analysis
Data were analyzed using a thematic content analysis approach
[26]. Four types of data were analyzed: (1) video recordings of
the first two steps of the interview, (2) Dutch transcriptions of
the third step of the interview, (3) observed respondent behavior
in field notes, and (4) background information regarding the
educational level, age, gender, and occupation of each

respondent. Researcher MW started with open coding, coding
all fragments of the twenty-four transcripts of step three of each
interview using MAXQDA 10 of VERBI Software GmbH,
Berlin.

The codes and fragments of seven randomly selected transcripts
were validated by two peer researchers by independently coding
each transcript with the coding scheme developed by researcher
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MW. Differences in fragmentation or coding were discussed
during consensus meetings.

To get more familiar with the data and to create an overview,
researcher MW made a descriptive summary of each case on
the basis of all four types of generated data after she finished
open coding. Each summary contained all emerging themes
regarding problems that occurred during the four phases of the
response process as described by Tourangeau: (1)
comprehension: (a) comprehension of text and wording and (b)
interpretation of the meaning of the text, (2) retrieval: gathering
relevant information, (3) judgment: assessing the retrieved
information to judge its adequacy in relation to the meaning of
the question, and (4) response selection: selecting the best fitting
answering option [27]. The emerged themes in the summaries
were supplemented with related field notes and background
information regarding the educational level, age, gender, and
occupation of the respondent. Then researcher MW listed all
emerging “themes” from the descriptive summaries regarding
problems that arose during the four steps of the response process.
She established which themes recurred or were common and
which were less common or stood alone. Then she structured
the earlier created coding scheme by arranging all open codes
by labeling them as, “problem with comprehension,” “problem
with interpretation,” “problem with retrieval,” “problem with
judgment,” or “problem with response selection.”

The following step in analyzing the data was comparing the
description of the limitations in functioning and treatment goals
described by respondents during the semistructured interview
(interview step 3) to the answering options the respondent
selected in the DTTSQ during the think-aloud phase of the data
collection (interview step 1). If the chosen answer during step
1 did not fit the description in step 3, researcher MW closely
watched the video again to see which actions or thoughts during
the four steps of Tourangeau [27] during the response process
of the question led the respondent to select the chosen answering
option.

As a last step, researcher MW compared the analyzed interviews
of low, moderately, and highly educated respondents to see
whether or not the problems that occurred during the response
processes differed between these groups of respondents.
Transcripts were made in Dutch language. Only quotes used in
this paper were translated from Dutch to English by researcher
MW and checked by researcher HW, who is a bilingual speaker.
During the whole course of the study, procedures and results
were checked and discussed with researchers HW, MJW, and
WD.

Ethics
No external funding was received by the Utrecht University of
Applied Sciences to conduct this study. The study was registered
with the Medical Ethics Commity of the Acadamic Medical
Centre of Amsterdam, which declared that it does not fall under
the scope of the “Medical Research Involving Human Subjects
Act.” The study was conducted according to the principles of
the Declaration of Helsinki. All respondents provided written
informed consent. The respondents names used in this paper
are all fictitious to protect their privacy.

Results

Encountered Problems
Of the 24 respondents, 20 encountered one or more problems
during their response process. Low-educated Michelle and
moderately educated Christine, Lydia, and Sandra did not
encounter any problem. All members of the total study
population stated that they recognized themselves in the overall
outcomes of the questionnaire. Bernie stated:

If I would have developed this questionnaire so it
would have fitted my health problem I would have
done it differently. Instead of selecting specific points
on the body chart, for instance, I would have enabled
people to select regions. In my case that would have
enabled me to select the whole lower part of my body
instead of a few specific points in it. But even though
I would have done it differently, I recognize myself
in the summary of my limitations in functioning. That
is mainly due to the pictures of the activities in which
I am impaired. When I look at all the outcomes as a
whole, it is right. I recognize my own health situation.

Most problems concerned interpretation of questions and
answering options. Questions 1 and 4 generated the most
problems. Question 3 generated no problems at all (see Table
3).

Problems With Comprehension of Text and Wording,
and Interpretation
There were no problems with comprehension of text and
wording. A total of 13 respondents of all educational groups
encountered problems with interpretation. Ronald and Bob
encountered this problem with three questions and Helga and
Jerome with two different questions. The other 9 respondents
encountered this problem with one question.
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Table 3. Number of respondents having problems per question for each step of the response process. Hyphen indicates nonapplicabilty.

Response selection
problems

Judgment
problems

Retrieval
problems

Interpretation
problems

Comprehension
problems

Question or assignment

---6-1. Do you have pain? (Multimedia Appendix 1: screenshot 2
“Pain”)

211--2. Tap on the location of your health problem. You can tap on
multiple locations. (Multimedia Appendix 1: screenshot 3 “Loca-
tion of the health problem”)

-----3. This is the location of your pain. Rate the severity of your pain
on the scale below. (Multimedia Appendix 1: screenshot 4 “Pain
severity”)

3869-4. Select the activities in which you are impaired. (Multimedia
Appendix 1: screenshot 7 “Activity “Lying”)

2----5. Select the three activities which are most important to you.
(Multimedia Appendix 1: screenshot 9 “most important activities”)

---1-6. Select the activity which is most important to you. (Multimedia
Appendix 1: screenshot 11 “Most important activity 1”)

---1-7. Which of these two activities is most important to you now?
(Multimedia Appendix 1: screenshot 12 “Most important activity
2”)

2--2-8. Rate the effort it takes to carry out this activity. (Multimedia
Appendix 1: screenshot 13 “Effort activity 1”)

Interpreting Pictures
A total of 7 respondents interpreted pictures that were used as
answering options in question 4 differently than was intended
by the developers of the questionnaire. Ilene, for instance,
selected “dressing and undressing” (Figure 1) and going to the
toilet (Figure 2) because the way in which the person in the
picture carried out the activity and the context in which he did
it were different from theirs. This is illustrated in the following
conversation:

Ilene:

I selected “dressing and undressing” because the
person on the photo is standing up while he is
dressing himself. I cannot do that. I have to sit down.

Interviewer:

Would you have selected this activity if the person on
the photo was sitting down while he dressed and
undressed himself?

Ilene:

No, because that is no problem for me. That is the
way I do it. It is the same with going to the toilet. I
selected that photo because the person on the photo
does not use the support arms while he is using the
toilet.

Interviewer:

Would you have selected the photo if he would have
used the support arms?

Ilene:

No of course not! I do not have any problem going
to the toilet because I have these support arms. I have
everything I need in my house.

Interpreting Categories
The answering options in the form of pictures of question 4
were put into eight different activity categories. These categories
were shown on eight separate screens. The use of categories
influenced the response process of two respondents negatively.
Rose, for instance, recognized her impairment in the activity
“reaching for something above the head,” but did not select it:

I really was in great doubt with “reaching!” Because
I thought: yes indeed that is problematic for my
shoulder so I should select that activity. But the
activity was placed in the category “standing” which
I associated with using the legs and back, not with
arm movements. In hindsight I probably should have
selected it, but when I was completing the
questionnaire I chose not to.

Interpreting Plain Language
Six respondents misinterpreted question 2 “Do you have pain?”
Four of them mentioned the short and simple way in which the
question was formulated as the reason for this misinterpretation.
All six respondents selected the answer “no,” whereas in fact
they were seeking help with their physical therapist because of
pain complaints. Henry stated:

Well I am not in pain at this moment. But when I go
photographing I take long walks carrying heavy
lenses. And then my hip hurts sometimes. This is
something my physical therapist needs to know
because it should be the aim of the treatment. But I
interpreted the question as “are you in pain at this
moment.” And that is why I answered “no.” The
sentence, the question, is very short. It is not specific
enough. It should have said: “Are you in pain during
certain activities” or something.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e140 | p.425http://www.jmir.org/2018/4/e140/
(page number not for citation purposes)

Welbie et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Activity: "dressing and undressing".

Figure 2. Activity: "going to the toilet".
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Differences in Professional and Layman Interpretations
Although “getting up and sitting down” and “getting in and out
of a car” are different activities from a physical therapist’s
perspective, these are very similar movements from the
perspective of moderately educated Bob, who stated:

Well “getting up and sitting down” and “getting in
and out of a car” are kind of the same activities to
me. So it is hard for me to say which one is more
important in answer to question 6 and 7. I know I
selected “getting in and out of the car” as the most
important activity when I was completing the
questionnaire. But when I would have to choose again
I would go with “getting up and sitting down,”
because that is more generic and therefore it occurs
more frequently in daily life.

Interpreting the Numeric Rating Scale
Low-educated Dora and Ronald scored the numeric rating scale
of question 8 backwards. They interpreted 10 as “no effort” and
0 as “the most effort possible.”

Problems With Retrieval
A total of 7 respondents of all educational groups had problems
retrieving information during their response processes.

Lack of Retrieval Because of the Form of Answering
Options
A total of 4 respondents did not retrieve information because
of the lack of answering options. They looked at the body chart
of question 2 and the pictures of question 4 and searched their
memory for any health problems related to the answering
options. As a result, existing health problems that were not
associated with the given answering options were not retrieved
from memory. After Harald finished completing the
questionnaire, he told the researcher that he was impaired in
pulling objects, which is not a given answering option in
question 4. Harald stated:

I did not miss it while I was completing the
questionnaire. I probably thought that that picture
would come later or in another category or
something. I don’t know. I did not really notice that
it wasn’t there.

Lack of Retrieval Because of Memory Issues
In three cases, the root of the problem seemed to be a memory
issue, which was not related to the content or form of the
questionnaire. Ellen, for instance, described to the interviewer
why she selected the activities “lifting” and “carrying” in answer
to question 4. During this description, her recollection of the
health problem became clearer. This made her realize in
hindsight that “picking something up from the floor” would
have been a better answer.

Problems With Judgment
A total of 9 respondents of all educational levels encountered
problems with judgment.

Retrieved Information Judged as “Adequate to Answer
the Question” Was Not Related to Physical Therapy
(Anymore)
All 8 respondents indicated health problems that were not part
of their treatment goal for physical therapy (anymore). Bob, for
instance, indicated on the body chart that he had pain in his
neck and shoulders, and he had low back pain. During the
interview, he told the researcher that his neck and shoulder pain
were chronic and existed for many years now. He did not believe
it would be of any use for the physical therapist to put effort
into trying to ease this pain. Therefore, it was not a part of his
treatment goals. He was seeking help from his physical therapist
for his acute low back pain.

Problems With Response Selection
A total of 8 respondents of all educational levels had problems
with response selection. Bernie encountered this problem with
two different questions of the questionnaire.

Not Able to Select the Right Answering Option Because
These Options Do Not Match the Respondent’s Response
to the Question
All 8 respondents had problems with response selection because
the response items did not match their answer(s). Bernie for
instance had a complaint that was not “touchable” or located at
a particular part of the body. But he was forced to place a dot
on the body chart to be able to go on to the next question. Bernie
stated:

This is not right at all! It says: “tap on the location
of your health problem.” But then one has to be able
to locate his complaints. I can’t. The way I walk does
not feel normal to me, it does not feel the way it used
to feel. I cannot say that I feel it “in my legs.” It really
is the movement itself that feels “off.” I go to the
physical therapist to find out what causes this. So at
this moment I don’t know where the root of the
problem is located. Because I am forced to point out
a location and the legs are clearly involved in
walking, I have put a dot on the legs. But it is just not
right. I mean, when I would have had pain in my hand
I could have answered this question. If I would have
felt it in my foot I would have tapped on the foot. But
in my case it is about the movement...

Discussion

Principal Findings
Of the 24 respondents, 20 encountered one or more problems
during their response process. No problems were experienced
with comprehension of text or wording. Most problems arose
with (1) Interpretation of pictures and plain language, (2)
Respondents not retrieving health problems that were not
associated with the given answering options, and (3)
Respondents judging retrieved health problems as relevant,
although these were not related to their physical therapy
treatment goals. No educational group in this research population
stood out from the rest in the kind or number of problems that
arose.
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Despite the fact that 20 respondents did not respond to each
question in the way that was intended by its developers, all
respondents recognized themselves in the outcomes of the
questionnaire shown in a screen summary.

Comparison With Prior Work
The clarity of text and wording seems to be better in the DTTSQ
than in the PSC questionnaire [17], which was used as a starting
point for development. In the study on the response process of
the PSC questionnaire, “comprehension” and “interpretation”
were put together into one category called “problems with
reading and comprehending the questionnaire” [19]. Due to the
way in which the data was collected in the PSC questionnaire
study (lacking a think-aloud component), even in hindsight it
is not always possible to determine if the source of each
“problem with reading and comprehending the questionnaire”
was comprehension or interpretation. This makes the PSC
questionnaire and DTTSQ studies not fully comparable in this
respect. Still, little over half of the respondents in the DTTSQ
study versus all respondents in the PSC questionnaire study had
comprehension and/or interpretation problems.

Invalid answers were reported in 52% (13/25) of the Dutch
subjects in the PSC questionnaire study [19]. In this study, the
percentage of respondents that gave one or more invalid answers
was much higher: 83% (20/24) cases. Again the data of these
two studies are not fully comparable. The PSC questionnaire
study did not contain a think-aloud component. Having a
think-aloud component in a study tends to add data on validity
of answers, while at the same time there is no loss of data in
comparison to studies without a think-aloud component [21].
This may be an explanation for the considerable difference
between the amount of invalid answers found between the two
studies.

Except for the problems caused by the use of plain language,
using pictures as answering options and showing questions on
separate screens without a back function, the problems found
in this study were not new or exclusive for the DTTSQ.
Problems such as “differences in layman and professional
perspective” and “memory issues” are commonly seen in
comparable studies and well documented in Tourangeau’s book
“The Psychology of Survey Response” [23,24,27,28].

Problems Caused by the Use of Plain Language
Four out of 6 respondents that misinterpreted question 1 of the
DTTSQ “Do you have pain” mentioned the short and simple
formulation of this question as the root of the problem. The
formulation of question 1 and the layout of the screen on which
it was shown was in line with the “European Easy-to-Read
Guidelines” [29]. With the formulation of this question,
however, the developers of the questionnaire may not have done
enough justice to the complex concept of pain. It may be
necessary to provide more detailed background information on
the purpose and focus of the question [30]. Considering that
understanding spoken language is easier to people than
understanding written language [31], it might be recommended
to add information by using a voice-over. In this way,
information on the purpose and focus of the question and/or

answering option(s) can be given without making the reading
task more difficult [32].

Problems Caused by the Design of the User Interface

Use of Pictures
In addition to plain language, pictures were used to contribute
to the comprehensibility of the questionnaire. Respondents’
interpretation of the pictures did not always match the intended
meaning by its developer. Optimizing this match by testing the
interpretation of newly developed pictures in the target
population before they are used in the questionnaire is
recommended during the further development of the DTTSQ.

Showing All Questions on Separate Screens
The questions of the DTTSQ were shown in separate screens,
and respondents were not able to go back to earlier screens.
This makes the response process different from that of
paper-based questionnaires in which respondents are able to
oversee the whole questionnaire, choose the order in which they
answer questions, and go back and forth between questions.
The answering options of question 4 were subdivided into eight
categories shown on eight separate screens. Lacking the
complete overview of all answering options may have
complicated the decision on whether or not to select an activity
because the respondent was not able to see whether or not
pictures in coming screens would be a better fit. Giving a
complete overview of all answering options, for instance by
presenting them as thumbnail images [33] and providing a back
option, may help to reduce the amount of problems with
response selection.

Limitations
This study was not designed to reach data saturation. The goal
was to get a first impression of the response processes of
respondents with diverse educational levels completing the
prototype of the questionnaire to be able to make informed
choices in further development of the questionnaire. Because
twenty-four cases were included in this study, it can be assumed
that the most common problems have been exposed [34].

Conclusions
The use of plain language and ICT within the DTTSQ has had
positive and negative influences on the response processes of
the research population.

Results of recent reviews and articles on the comparability of
paper-based and electronic versions of questionnaires may give
the impression that digitalizing questionnaires can be done
without influencing psychometric properties [35-39] and
response rates [40-44]. This is true when the digital version is
a near copy of the paper-based questionnaire in terms of content
and layout. But in an era in which the use of plain language and
“inclusive design” or “electronic health for all” [45,46] is being
advocated increasingly [47,48], copying the content and layout
of the original into the digital version may not be enough.

The results of this study emphasize the importance of two basic
recommendations, which are as follows: (1) accompany any
adaption of any questionnaire to a new mode of delivery by
evidence, demonstrating the difference and equivalence between
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the two different modes [49] and (2) scientifically evaluate the
applicability of the newly developed mode of the questionnaire
in its intended setting, to assess if it meets the standard criteria
of validity, reproducibility, and feasibility [50]. Such studies
should be designed and executed in a way that suits the

(in)abilities of the target population of the questionnaire that is
being evaluated. Like the qualitative method chosen in this
study suited the (in)abilities of low-educated and/or low-literate
participants by not demanding any reading or writing skills from
study participants.
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Abstract

Background: Patient portals are widely adopted in the United States and allow millions of patients access to their electronic
health records (EHRs), including their EHR clinical notes. A patient’s ability to understand the information in the EHR is dependent
on their overall health literacy. Although many tests of health literacy exist, none specifically focuses on EHR note comprehension.

Objective: The aim of this paper was to develop an instrument to assess patients’ EHR note comprehension.

Methods: We identified 6 common diseases or conditions (heart failure, diabetes, cancer, hypertension, chronic obstructive
pulmonary disease, and liver failure) and selected 5 representative EHR notes for each disease or condition. One note that did
not contain natural language text was removed. Questions were generated from these notes using Sentence Verification Technique
and were analyzed using item response theory (IRT) to identify a set of questions that represent a good test of ability for EHR
note comprehension.

Results: Using Sentence Verification Technique, 154 questions were generated from the 29 EHR notes initially obtained. Of
these, 83 were manually selected for inclusion in the Amazon Mechanical Turk crowdsourcing tasks and 55 were ultimately
retained following IRT analysis. A follow-up validation with a second Amazon Mechanical Turk task and IRT analysis confirmed
that the 55 questions test a latent ability dimension for EHR note comprehension. A short test of 14 items was created along with
the 55-item test.

Conclusions: We developed ComprehENotes, an instrument for assessing EHR note comprehension from existing EHR notes,
gathered responses using crowdsourcing, and used IRT to analyze those responses, thus resulting in a set of questions to measure
EHR note comprehension. Crowdsourced responses from Amazon Mechanical Turk can be used to estimate item parameters and
select a subset of items for inclusion in the test set using IRT. The final set of questions is the first test of EHR note comprehension.

(J Med Internet Res 2018;20(4):e139)   doi:10.2196/jmir.9380
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Introduction

Background and Significance
Providing patients access to their medical records through
personal health records (PHRs) is becoming more common as
physicians move to electronic health record (EHR) systems.
PHRs are defined as “electronic, lifelong resource of health
information needed by individuals to make health decisions”
[1]. Providing patients direct access to their EHR clinical notes
can enhance patients’ understanding of their clinical conditions
and improve their health care outcomes [2-4]. For example, the
Veterans Health Administration offers the My HealtheVet PHR
through a Web-based patient portal, which allows millions of
veterans to view their EHRs [5]. These records include both
structured (eg, patient vitals) and unstructured data (eg,
discharge summaries and clinical notes). However, patients
with limited health literacy may struggle to understand the
content of their medical notes, which can include visit
summaries with medical terms, lab reports, and terms and
phrases that are not common outside of medicine. A patient’s
health literacy can have an impact on their desire to engage with
their own PHR [6,7].

Low health literacy can impact a patient’s ability to
communicate with their health care providers and to navigate
and understand complex EHR information. Health literacy is
defined by the Institute of Medicine as “the degree to which
individuals have the capacity to obtain, process, and understand
basic information and services needed to make appropriate
decisions regarding their health” [8]. According to the National
Assessment of Adult Literacy, only 12% of adults are proficient
in health literacy [9]. The average American reads at or below
an eighth grade level, and over 90 million Americans have
limited health literacy [9]. Moreover, 50% of patients do not
understand at least one term in their medical problem list
[8,10,11]. In addition, EHR notes do not align well with existing
readability prediction formulas, making it difficult to estimate
EHR note readability [12]. Consider the following example,
taken from a de-identified EHR clinical note: “The monitor has
not shown any dysrhythmias or arrhythmia either prior to or
during any of his spells. ” A patient might struggle to understand
the medical terms dysrhythmias and arrhythmia and might not
understand what the monitor is or what prior to or during any
of his spells is referring to.

Low health literacy can lead to serious problems. For example,
low health literacy was shown to be independently associated
with an increase in mortality among the elderly [13]. A recent
assessment of health literacy involving over 400 Veterans found
that 87% of Veterans have low health literacy [14]. Most health
care consumers do not understand phrases often used in cancer
consultations [15]. Patients understand less than 30% of medical
terms commonly used in the emergency department [16].
Patients with low health literacy are more likely to lack

awareness of their atrial fibrillation diagnosis [17] and are at
higher risk for increased fear of cancer progression [18].

Objective
Given the prevalence of low health literacy in the population,
tools that effectively assess a patient’s health literacy are needed
for both research and practice. Of the existing instruments, 3
that are widely used are the Rapid Estimate of Adult Literacy
in Medicine (REALM), the Test of Functional Health Literacy
in Adults (TOFHLA), and the Newest Vital Sign (NVS) [19-21].
Each of these has value, but also limitations. For example,
REALM can be administered in 2 to 3 min, but it assesses word
recognition, not comprehension [19]. TOFHLA assesses reading
comprehension and numeracy using passages from health
care–related documents, hospital forms, and prescription labels
[20]; a short version of TOFHLA reduced the administration
time from 22 min to 12 min [22]. NVS contains 6 items tied to
a single stimulus (a food label) and can be administered in 3
min. It was intended as a screening tool and is less appropriate
for generating scores that discriminate between different levels
of health literacy in patients [21,23]. Taken together, these tests
can provide information on a patient’s general health literacy,
but none assesses a patient’s ability to comprehend EHR notes.

The purpose of this study was to create an instrument to measure
EHR note comprehension in patients. We first identified a set
of representative EHR notes for 6 diseases and conditions from
a large hospital EHR system. From these notes, a group of
physicians and medical researchers generated questions using
the Sentence Verification Technique (SVT) [24-26]. We
obtained responses for these questions from the crowdsourcing
platform Amazon Mechanical Turk (AMT) and analyzed the
results using item response theory (IRT) [27-30] to select a
subset of questions for a test of EHR note comprehension. To
the best of our knowledge, the ComprehENotes question set is
the first instrument to assess EHR note comprehension.

Methods

Overview
The goal of this work was to develop a set of questions that
could be used to test patient EHR note comprehension. To that
end, we developed a process for note selection, question
generation, and question selection and validation (Figure 1).
We discuss each step in detail in the following sections.

Electronic Health Record Note Selection
We selected notes according to the International Classification
of Disease codes associated with 6 important and common
diseases: heart failure (428), hypertension (401), diabetes (249,
250), chronic obstructive pulmonary disease (COPD; 493.2,
491, 492, 494, 496, 506), liver failure (571), and cancer
(140-239). By selecting notes from multiple diseases, our goal
was to obtain a variety of notes associated with common
diseases to generate questions across multiple topics.

J Med Internet Res 2018 | vol. 20 | iss. 4 |e139 | p.434http://www.jmir.org/2018/4/e139/
(page number not for citation purposes)

Lalor et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Visualization of the question generation and validation process. COPD: chronic obstructive pulmonary disease; EHR: electronic health record;
ICD-9: International Classification of Disease-9; IRT: item response theory.

We retrieved EHR discharge summary and progress notes from
the University of Massachusetts Memorial Hospital EHR
system. Progress notes provide information regarding a patient’s
conditions and treatments, whereas discharge notes may include
a summary of the patient’s visit, necessary patient follow-up,
and other information. These types of notes include information
that is relevant to patients and are good candidates for question
generation. For each disease, we randomly selected 1000 notes.
As the EHR notes vary significantly in length (anywhere from
50 words to over 1500 words), we limited the note selection to
notes between 300 and 1000 words long. Notes that are longer

than 1000 words often contain duplicate information or large
tables of lab results, with few free-text section from which we
can generate questions. We annotated each note with the
MetaMap [31], a toolkit developed by the National Library of
Medicine, to map the note to Unified Medical Language System
(UMLS) concepts [32]. For each category, we ran topic
modeling on the 1000 notes using the UMLS concepts that were
identified by MetaMap and hierarchically clustered the notes
into 5 clusters based on topic similarities. Finally, we selected
1 representative note (the note with the most UMLS concepts)
from each cluster. By selecting the note with the most concepts,
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our goal was to identify those notes with the most information
that could be used as part of the question generation process.
This procedure resulted in a total of 30 notes, with 5 notes per
disease. We discarded 1 cancer note because the physicians
identified it as a pure lab test report that did not include any
natural language text.

Generating Questions With Sentence Verification
Technique
We asked experts to create question-answer sets by following
these 2 steps: (1) identifying important content in the notes and
(2) creating comprehension test questions. Specifically, the
selected 29 de-identified notes were provided to 5 groups. Each
group included 1 physician and 2 to 3 nonclinician researchers
(a total of 4 physicians and 13 researchers, where 1 physician
participated in 2 groups). The groups were given an introduction
to the SVT methodology before taking part in the exercise. Each
member read every assigned EHR note and then identified
important content (usually a sentence). Each member then
followed the SVT protocol to create question-answer sets for
the identified content.

SVT is a procedure for generating reading comprehension items
to evaluate whether an individual has understood a passage of
text [24,33,34]. SVT has been applied in many different reading
comprehension environments, such as basic language research
[35], evaluating the effect of prior beliefs on comprehension
[36], and assessing language skills of non-native English
speakers [37]. In addition, SVT has been used to develop tests
to assess comprehension of cancer screening and prevention
messages [25,26]. SVT tests are sensitive to both differences
in reading skill and text difficulty. Tests using SVT questions
have been shown to be effective for measuring reading
comprehension and for assessing comprehension of written and
spoken health messages [25,26].

An SVT test is designed by taking a sentence or phrase from a
passage of text (the original) and generating 3 additional
sentences or phrases: (1) a paraphrase, where as much of the
sentence or phrase is changed as possible while preserving the
original meaning, (2) a meaning change, where the original
sentence or phrase is changed slightly but enough that the
original meaning is changed, and (3) a distractor, which is
unrelated to the original but still consistent with the passage
theme [24].

Once generated, the question-answer sets were then discussed
in the group and a final question-answer set was agreed upon.
From the 29 EHR notes, 154 question-answer sets were
generated. Table 1 shows examples of question-answer sets
generated by the groups, and Textbox 1 shows how these
questions would be presented to patients in a test scenario. We
selected 83 of the 154 questions for further analysis. Questions
were selected based on their content. We manually selected
questions that were generally relevant to the main topic (eg,
diabetes) over questions that were very specific to a patient’s
note to keep the question set general enough to be given to

future patients. We retained 11 to 13 question-answer sets for
4 of the 6 topics and 18 question-answer sets for COPD and
diabetes.

Data Collection
To gather enough human responses to fit the IRT model, we
recruited participants from AMT. AMT is a Web-based
microtask crowdsourcing platform where individuals (called
Turkers) perform Human Intelligence Tasks (HITs) in exchange
for payment. HITs are usually pieces of larger, more complex
tasks that have been broken up into multiple, smaller subtasks.
AMT and other crowdsourcing platforms are used to build large
corpora of human-labeled data at low cost compared with using
expert annotators [38,39]. Researchers’projects have used AMT
to complete a variety of tasks [40,41]. Recent research has
shown that AMT and other crowdsourcing platforms can be
used to generate corpora for clinical natural language processing
and disease mention annotation [41,42]. AMT was used to detect
errors in a medical ontology, and it was found that the crowd
was as effective as the domain experts [43]. In addition, AMT
workers were engaged in identifying disease mentions in
PubMed abstracts [42] and rank adverse drug reactions in order
of severity [44] with good results.

We created 6 comprehension tasks on AMT, 1 per disease topic,
to analyze each topic separately. Each task was completed by
250 Turkers, who were presented with the test questions, 1
question at a time. This sample size is large enough to satisfy
the accepted standards for IRT models based on the noncentral
chi-square distribution [45]. We collected demographic
information from the Turkers before administering the test
questions, and we implemented several quality control
mechanisms to ensure the quality of the Turker results. Only
Turkers with approval rates above 95% and located in the United
States were able to participate. The 95% approval rate identifies
Turkers who have been approved most of the time according
to their completion of other tasks on AMT and is indicative of
the high quality of their previous tasks. Restricting the task to
users located in the United States is used as a proxy for English
proficiency. In addition, in each test, 1 question was randomly
selected as a quality-check question and was presented to the
Turker twice during the course of the evaluation. If the Turker
gave 2 different answers to the repeated question, their responses
were not included in later analyses. Two simple questions were
also added to the test as quality control. If the Turker answered
1 or both of the quality control questions incorrectly, their
responses were rejected from consideration and not included in
later analyses.

For the COPD and diabetes tests, the 18 questions were split
into 3 groups of 6 questions. Each Turker was given a random
selection of 2 of the 3 groups. In this way, the test lengths were
similar to the other disease topic tests, and the conditions in
which Turkers provided responses were consistent across the
groups. For the COPD and diabetes tasks, we recruited 400
Turkers so that the number of responses per question was
consistent with the other topics.
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Table 1. Examples of questions generated from the researcher and physician groups.

DistractorMeaning changeParaphraseOriginal statement from EHRa notes

The monitor has shown abnormal
heart rhythms before and during his
spells

He has had abnormal rhythm before
or during his spells of chest pain

His heart rhythm is normal before
and during his fainting spells

The monitor has not shown any
dysrhythmias or arrhythmia either
before or during any of his spells

Shortness of breath has many causesShe visited the clinic due to short-
ness of iron

She went to the hospital for trouble
breathing

Patient recently presented to the
hospital with shortness of breath

aEHR: electronic health record.

Textbox 1. Examples of how the generated questions would be displayed as a questionnaire, using the examples from Table 1.

Please read the following question and then examine the answer choices and choose the answer that best represents the question text.

What does the following sentence mean? “The monitor has not shown any dysrhythmias or arrhythmia either prior to or during any of his spells.”

1. He has had abnormal rhythm before or during his spells of chest pain.

2. The monitor has shown abnormal heart rhythms before and during his spells.

3. His heart rhythm is normal before and during his fainting spells.

What does the following sentence mean? “Patient recently presented to the hospital with shortness of breath.”

1. Shortness of breath has many causes.

2. She went to the hospital for trouble breathing.

3. She visited the clinic due to shortness of iron.

Item Analysis and Selection Using Item Response
Theory
After data collection, the Turker responses were analyzed using
a 3-parameter logistic (3PL) IRT model. IRT [27,46] is one of
the most widely used approaches for item evaluation and test
construction [29,30,47]. For example, the Patient Reported
Outcomes Measurement Information System funded by the
National Institutes of Health has used IRT to characterize item
banks and to support computerized adaptive testing [28].

In IRT, a statistical model jointly models an individual’s
responses to individual test items with a person’s ability level
and the item’s features [27]. IRT models make several
assumptions: (1) people differ from each other on an unobserved
latent dimension of interest (usually called ability); (2) the
probability of correctly answering a particular item is a function
of the latent ability dimension (the item characteristic curve,
ICC); (3) responses to individual items are independent of each
other for a given ability level of a person (the local independence
assumption); and (4) responses from different individuals are
independent of each other. There are a variety of IRT models;
one of the models widely used is the 3PL model. In the 3PL
model, ICC is assumed to follow a logistic function with a
nonzero lower asymptote:

In the above equation, pij is the probability that person j answers
item i correctly, and θj is the ability level of individual j. In this
work, θ represents the ability of an individual on the task of
EHR note comprehension. As individual persons are assumed
to be sampled from a population, their ability levels are assumed
to be a random effect with a normal distribution. There are also

3 item parameters: the guessing parameter ci is the lower
asymptote of the ICC curve and represents the probability of
guessing, the difficulty parameter bi is the level of ability that
produces a chance of correct response equal to the average of
the upper and lower asymptotes, and the slope or discrimination
parameter ai is related to the steepness of the curve.

The 3PL model was fit to data for each set of questions using
the open source software R packages mirt and ltm [48,49].
Marginal residuals of each pair of items and each triplet of items
were checked, and items that gave large residuals were removed
for violation of local independence. Items with a negative slope
were also removed. Guessing parameters not significantly
different from 0 were set to 0. A key parameter used to identify
a good question for future evaluations is the slope of ICC. If
the slope is flat, then the item cannot distinguish between
individuals of high ability levels and individuals of low ability
levels. After refitting the remaining items, items with a slope
parameter not significantly greater than 0 or less than 0.71 were
removed. The value 0.71 corresponds to a communality of 0.15
in an exploratory factor analysis, which means that 15% of the
variance of the item would be explained by the latent ability
factor if the item were continuous. We retained 55 items in this
analysis for further validation. From the 55 items, we also
identified 14 of the 55 items with the largest slopes
(discrimination parameters) and highest average information
for inclusion in the short form of the test. The short test should
be as informative as possible while reducing the length of the
test, making it more practical to administer.
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Confirmatory Evaluation of Item Quality Using Item
Response Theory
The questions retained from the initial IRT analysis were
combined into a single test and deployed in a new AMT task
to validate the item parameters. For this task, we split the 55
retained questions into 3 groups (each of 18-19 questions) and
created 3 AMT tasks in which Turkers were shown 2 of the 3
groups and asked for responses as above. Quality checks were
included as in the first set of AMT tasks. For these tasks, Turkers
who participated in the initial data collection were excluded.
Responses were generated and a second round of IRT analysis
was performed to confirm that the questions retained from the
first round could be considered a cohesive test of EHR note
comprehension as a whole.

Results

Amazon Mechanical Turk Responses and Turker
Demographics
We first report descriptive statistics and demographic
information about the Turkers who completed the per-topic and
validation AMT tasks (Figure 2; Table 2). Responses for both
the per-topic and validation tasks covered a wide range of

correctly answered questions. Mean scores for the cancer,
COPD, diabetes, heart failure, hypertension, liver failure, and
validation tasks were 69% (7.6/11), 78% (9.4/12), 88%
(10.6/12), 70% (8.4/12), 78% (8.6/12), 79% (10.3/13), and 85%
(31.4/37), respectively. Across all tasks, no more than 10.8%
(27/250 for the heart failure task) of responses were removed
because of quality control checks.

We also looked at raw scores and estimated ability in the
validation task to see whether there were patterns in the
responses that matched expected behavior (Table 3). As
expected, mean scores for individuals with more education are
higher than for individuals with less education. In addition,
Turkers over 45 years score higher on average than Turkers
under 45 years. There is a slight drop in mean scores for Turkers
aged over 65 years, which makes sense given that adults aged
65 years and older have lower health literacy on average [9].

Item Response Theory Analysis

Item Selection Using Item Response Theory
Of the 83 questions provided to Turkers in the per-topic AMT
tasks, 55 (66%) were retained after the initial IRT analysis
(Figure 3). Items were identified for removal according to the
procedure identified in the Methods section.

Figure 2. Box plots of Turker scores on the AMT per-topic and validation tasks. The center rectangles span the range from the first quartile to the third
quartile of responses, and the bolded line inside each box represents the median score. Open circles indicate outlier scores. In the cancer plot, the upper
and lower horizontal lines indicate the maximum and minimum scores, respectively. For all others, the lower horizontal line is 1.5 times the interquartile
range below the first quartile. Average raw score is above 69% in all cases. Counts indicate the number of AMT responses retained after quality-control.
AMT: Amazon Mechanical Turk; COPD: chronic obstructive pulmonary disease.
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Table 2. Demographic information of Turkers from the per-topic and validation Amazon Mechanical Turk tasks.

Validation task count (N=660), n (%)Per-topic tasks count (N=1694), n (%)Demographic characteristic

Gender

250 (37.9)880 (51.95)Male

411 (62.1)814 (48.05)Female

Race

58 (8.8)107 (6.32)African American

51 (7.7)163 (9.62)Asian

32 (4.8)89 (5.25)Hispanic

12 (1.8)7 (0.41)American Indian

0 (0)9 (0.53)Pacific Islander

507 (76.8)1319 (77.86)White

Highest level of education

4 (0.6)17 (1.00)Less than high school

189 (28.6)504 (29.75)High school degree

108 (16.4)283 (16.71)Associate’s degree

256 (38.8)697 (41.15)Bachelor’s degree

103 (15.6)193 (11.39)Master’s degree or higher

Age in yearsa

12 (1.8)N/Ab18-21

330 (50.0)N/A22-34

158 (23.9)N/A35-44

106 (16.1)N/A45-54

39 (5.9)N/A55-64

15 (2.3)N/A65 and older

aAge demographic information was not collected as part of the per-topic Amazon Mechanical Turk tasks.
bN/A: not applicable.

Table 4 shows examples of retained and removed items. In the
case of the removed item, the question simply defining the term
Osteoporosis was too easy for the Turker population. That is,
most of the Turkers answered the question correctly, and thus,
the probability of answering the question correctly is very high
even at low levels of ability. A question like this does not give
us any information about an individual’s ability and therefore
is not needed in the test set.

The test information curve is presented in Figure 4. Test
information is defined as the reciprocal of the squared SE of

the ability estimate: I=1/ σ2, where σ is the SE [27]. Test
information measures how accurate the ability estimates are at
varying levels of ability. Given that most items have negative
difficulty, the information curve has high values in the negative
ability levels. That is, estimates of ability for negative ability
levels are more accurate. Test information is greater than 4 for
the range of ability levels between −2.8 and 0.7, which means
for this range of ability levels (from 2.8 SDs below to 0.7 SD
above the average of the population of AMT users), SE of an
ability estimate is smaller than 0.5. The full test is most
informative in ability around −2 with maximum information of

44.2 (Figure 4, red dotted line). This maximum is mostly
because of a single item (44) with the largest slope of 11.3. Due
to the very large slope parameter, this item is very informative
around ability of −2 but is not informative at other areas of
ability. As one goal of the test is to identify individuals with
low ability, this item may be useful and is therefore included
in our test set. However, we also wanted to confirm that the
other test questions are still informative in their own right. To
do this, we plotted the test information curve without item 44.
Without this item, the item information curve is most
informative around −1.5, with a maximum of 30.6 (Figure 4,
black solid line). The maximum information of each item, its
location in the ability spectrum, and the average information in
the range between −4 and 4 are also summarized in Multimedia
Appendix 1. The test information curve of the short test is also
presented in Figure 4. The short test includes item 44, and thus,
we also plot information for a 13-item test without item 44. For
the short test, test information is greater than 4 (ie, SE of ability
estimate is smaller than 0.5) in the range between −2.4 and −0.5,
or 2.4 SDs to 0.5 SD below the average AMT user, again
appropriate for a population of low literacy.
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Table 3. Average estimated ability of Turkers according to demographic information for the validation task.

Average estimated abilityMean correct, %Demographic characteristic

Education

−0.89964.7Less than high school

−0.03884.9High school degree

−0.01383.8Associate’s degree

−0.03483.8Bachelor’s degree

0.19988.1Master’s degree or higher

Age in years

−0.49377.418-21

−0.04283.722-34

−0.06683.635-44

0.22245-54

88.3

0.21289.455-64

−0.12285.965 and older

Gender

−0.23680.6Male

0.14387.2Female

Figure 3. Results of analysis to identify useful items from the question sets. Items were removed according to the reasons outlined in the Methodology
section. COPD: chronic obstructive pulmonary disease.

Table 4. Examples of retained and removed questions following item response theory analysis.

DistractorMeaning changeParaphraseQuestionItem Retention Decision

Pegfilgrastim may prevent
neutropenia

Pegfilgrastim 6 mg epidermal
one dose

Do an under skin injection
of one dose of 6 mg pegfil-
grastim

Pegfilgrastim 6 mg subcuta-
neous one dose

Retained

Some bones get hard and
some weak

Hardening of bones as we get
older

Weakness in bonesOsteoporosisRemoved
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Figure 4. Test information curve for the full ComprehENotes instrument (55 items) and various subsets.

Discussion

Principal Findings
The goal of this project was to develop an instrument to assess
patients’ ability to comprehend content in EHR notes. To that
end, we developed a process for identifying relevant EHR notes,
creating a large question set and reducing the question set to a
reasonable size using IRT. We generated questions from EHR
notes using SVT and administered them to a population of crowd
workers using AMT. We then used IRT to estimate the item
parameters and select a subset of items for our instrument. The
final test measures a patient’s ability to read and comprehend
EHR notes. These questions are general enough to be applicable
to a wide variety of individuals while still being grounded in
specific medical concepts as a result of the hierarchical
clustering process.

In contrast with existing tests of health literacy, ComprehENotes
was developed by generating questions directly from real patient
de-identified EHR notes. Key concepts from the notes were
identified by physicians and medical researchers as part of the
question generation process. These concepts were deemed
important for patients to understand, and the test questions were
designed to assess comprehension of these concepts. The
ComprehENotes test is the first to directly assess a key element
of health literacy, that is, the ability to read and comprehend
EHR notes. (To obtain the test, please contact the authors.)

The test is most informative at low levels of ability (Figure 4),
which is consistent with our long-term goal of identifying
patients with low EHR note comprehension ability. Although

the test was easy for the AMT workers, the demographics show
that those individuals are not representative of demographics
at higher risk of low health literacy (eg, low education and the
elderly). Those AMT workers who did fit in the demographics
that are more likely to have low health literacy did perform
worse in terms of average ability (Table 3). The number of
Turkers in those groups was low compared with other
demographic groups (Table 2), and thus, more evaluation with
individuals with higher likelihood of low health literacy is
required. Most of the questions have low difficulty estimates,
which makes the test appropriate for screening for low health
literacy. It is important to note that the ability estimates are
based on the responses of the AMT workers. If we were to fit
a new IRT model using response patterns from a patient
population, ability estimates of future test takers would be with
respect to the patient population. This does not affect the test
itself but only how the ability estimates are interpreted. Using
the test as developed here, new response patterns are scored and
compared with the average AMT user.

We also identified items from our instrument that can be used
in a short test to reduce administration time while still being
informative. The short test reduces the number of items from
55 to 14 while still being very informative at low levels of
ability. This short test can be administered more quickly than
the full test while still being informative at low levels of ability.

Limitations
There are limitations with this work. Fitting IRT models requires
a large number of human responses to a relatively small number
of questions. The length of the question set must be short to
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avoid a drop in response quality due to boredom or fatigue.
Although the cost of gathering a large number of responses is
reduced by using AMT or other crowdsourcing platforms,
scaling the number of questions that can be analyzed with IRT
remains a challenge.

The groups of physicians and medical researchers who generated
our question sets are not experts in question generation using
SVT. However, before the task, they all received training on
what SVT is and how to construct questions using the
methodology. In addition, we manually selected a subset of the
questions that were generated for IRT analysis and validation.
In this way, we were able to identify a set of questions that could
be generalized to a test set. The IRT validation confirmed that
a set of questions was appropriate as a test of EHR note
comprehension.

The demographics of Turkers that took part in our tasks are not
representative of the entire US population, and in particular, do
not cover groups with low average health literacy (eg, minorities,
people with less than a high school degree, older adults) [9].
However, all but 1 of the questions included in the final question
set have difficulty parameters less than or equal to 0. These
questions therefore will be appropriate to test ability for
individuals with low EHR note comprehension ability. Future
work should validate that the questions are in fact appropriate
for individuals with low health literacy.

The full ComprehENotes test is long at 55 questions. The length
makes it impractical to administer in clinical settings because
of the time needed to complete the test. However, we have also
identified a short test of 14 items that can be administered in a
short period of time. The 14-item test includes items with the
largest slope parameters and average information. The short
test is still informative at levels of ability below 0, which is
appropriate given that the goal of developing this test was to
identify individuals with poor EHR note comprehension ability.

Conclusions and Future Work
The ComprehENotes question set is an instrument for measuring
EHR note comprehension. Validation of the metric as compared

with existing tests of health literacy is still required. During a
pilot version of our AMT task, we asked participants to complete
the Short Test of Functional Health Literacy in Adults
(STOFHLA) as well as our test and found that all the
respondents scored a perfect score (36) or answered 1 question
wrong on the STOFHLA and were therefore considered to have
Adequate Health Literacy according to the STOFHLA scoring.
Comparing this metric to existing tests such as REALM or
TOFHLA in a population with low health literacy is an
important future work to validate the metric as a valid measure
of health literacy. In addition, further analysis of how different
groups perform on this question set can inform how EHR notes
are provided to patients and what types of educational materials
should be provided to patients.

The ComprehENotes test can be administered to patients as is
to assess EHR note comprehension ability. As the questions are
associated with certain diseases and conditions, subsets of the
test can also be administered independently to test EHR note
comprehension in specific patient populations. For example,
the questions associated with liver failure can be extracted and
administered as a standalone test to assess EHR note
comprehension in liver failure patients. In this way, questions
specific to certain diseases can be used to test comprehension
among patient populations where the terms are more likely to
appear.

Finally, this work is a first step toward being able to evaluate
patients’ understanding of their health based on information
directly contained in their own EHR. We have shown that it is
possible to develop a test of health literacy from questions
obtained from EHR notes. Automating steps of the question
generation and validation processes with clinical natural
language processing tools are interesting directions for future
work. For example, one such step would be to build an NLP
model to generate questions for a specific patient given his or
her own EHR note text. The model can be trained on the
ComprehENotes questions to identify information that would
be relevant for generating good questions. These personalized
questions can be administered to patients to evaluate their ability
to read and comprehend their own notes.
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Multimedia Appendix 1
Table of item parameter estimates and item information in the validation sample.
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Abstract

Background: Technology-enhanced learning (TEL) programs are increasingly seen as the way in which education for health
care professionals can be transformed, giving access to effective ongoing learning and training even where time or geographical
barriers exist. Given the increasing emphasis on this mode of educational support for health care practitioners, it is vital that we
can effectively evaluate and measure impact to ensure that TEL programs are effective and fit for purpose. This paper examines
the current evidence base for the first time, in relation to the evaluation of TEL programs for health care professionals.

Objective: We conducted a systematic review of the current literature relating to the evaluation of TEL programs for health
care professionals and critically appraised the quality of the studies.

Methods: This review employed specific search criteria to identify research studies that included evaluation of TEL for health
care professionals. The databases searched included Medline Ovid, Cumulative Index of Nursing and Allied Health Literature
Plus Advanced, Applied Social Sciences Index and Abstracts, ZETOC, Institute of Electrical and Electronics Engineers Explore
Digital Library, Allied and Complementary Medicine, and Education Resources Information Center between January 2006 and
January 2017. An additional hand search for relevant articles from reference lists was undertaken. Each of the studies identified
was critically appraised for quality using the Crowe Critical Appraisal Tool. This approach produced a percentage total score for
each study across specified categories. A proportion of the studies were independently assessed by an additional two reviewers.

Results: The review identified 21 studies that met the inclusion criteria. The studies included scored totals across eight categories
within a range of 37%-95% and an average score of 68%. Studies that measured TEL using learner satisfaction surveys, or
combined pretest and posttest knowledge score testing with learner satisfaction surveys, were found to be the most common types
of TEL evaluations evident in the literature. The studies reviewed had low scores across reporting on ethical matters, design, and
data collection categories.

Conclusions: There continues to be a need to develop effective and standard TEL evaluation tools, and good quality studies
that describe effective evaluation of TEL education for health care professionals. Studies often fail to provide sufficient detail to
support transferability or direct future TEL health care education programs.

(J Med Internet Res 2018;20(4):e131)   doi:10.2196/jmir.9085
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Introduction

The term technology-enhanced learning (TEL) is often used to
describe a broad field of digital technologies used to support
and mediate educational activities [1]. In this review, the term
TEL is used to describe activities that are totally digitally
mediated and those that are blended with more traditional
educational approaches. The last two decades have seen
considerable growth in the use of technology within higher
education at undergraduate and postgraduate levels across the
world [2]. Effective and ongoing continuous professional
development (CPD) and education are essential to the delivery
of high quality health and care services. TEL is increasingly
presented as a means by which learners can be provided with
enhanced or transformed educational experiences.

A range of published reports have highlighted TEL as an
effective method to support health care education [3,4]. In their
e-learning strategy, The Higher Education Funding Council
England [5] summarized three levels of potential benefits of
TEL: (1) e fficiency, whereby existing processes can be carried
out in a more cost-effective, time-effective, sustainable, or
scalable manner; (2) enhancement, which improves existing
processes and outcomes; and (3) t ransformation, representing
radical change in existing processes or the introduction of new
processes. The recognition of the need for continuing education
and effective work-based training to support health care
professionals to deliver good quality, safe, and effective care is
widely accepted [6,7]. The increasing demands for effective
and affordable health care education in light of resource and
time constraints, together with improved access to hardware,
software, and the popularity of blended learning formats, means
that TEL is increasingly considered an ideal approach within
health care education.

The general availability of mobile and flexible technologies
enables learners to minimize time away from health care settings
to undertake training and to engage with learning resources
when and where they are most suitable to their needs [8]. TEL
offers a range of specific advantages for health care education,
given the flexibility to update learning resources in a
fast-changing field, and the scope offered for learners to share
knowledge and learn critical clinical skills and decision making
safely in nonclinical environments [9].

The ability to demonstrate the added value and impact of TEL
for health care education remains challenging. Previous authors
have captured the nature of the challenges in the review and
evaluation of TEL within medical education [10-12]. Pickering
and Joynes [13] highlighted the lack of robust evidence and
meaningful evaluation to support widespread implementation
of TEL resources. The main challenges concern a lack of clarity
around the purpose of evaluation, comprehensiveness, depth,
and methodology choice to support development of the required
evidence base, upon which to build effective future TEL health
care programs. We need reliable, practical mechanisms to
evaluate: the value for money; equity of access; and learner,
service, and organizational benefits that TEL may bring [14].
There is a need to critically examine the literature on TEL
implementation and evaluation within health care to guide

production and implementation of effective TEL health care
education programs now and in the future.

A range of studies exist in the TEL literature which document
implementation of TEL within medical and health care
educational approaches. However, studies demonstrating a
comprehensive TEL evaluation or use of standardized TEL
evaluation tools in practice are fewer in number. Previous
authors such as Ellaway [10,11], Cook and Ellaway [12], and
Pickering and Joynes [13] (amongst others) have highlighted
the need for robust evaluation, and have set out to develop both
TEL educational standards and frameworks for evaluating TEL
in medical education. Cook and Ellaway [12] have proposed a
general model for evaluation. Pickering and Joynes [13] have
proposed what they consider to be a more holistic TEL
evaluation model for medical education.

This systematic review of the literature aimed to identify studies
that have implemented TEL evaluation for CPD and
postgraduate or work-based TEL health care education
programs, and to assess these using a published critical appraisal
tool. The studies identified provide an evidence base for the
evaluation and development of future TEL programs for health
care professionals.

Methods

Design
The review was carried out using a systematic integrative review
method. This method allows for the inclusion of empirical and
theoretical literature and quantitative and qualitative studies.
This method enabled an increased number of studies to be
included in the review and is appropriate for the review of
evidence to highlight gaps in the literature [15].

Eligibility and Inclusion
The inclusion and exclusion criteria for this review were
developed using the Population, Intervention, Comparison, and
Outcomes (PICOS) [16] framework for systematic reviews,
which is illustrated in Table 1. In devising the search strategy
for this study, the PICOS framework has been used as a search
tool and as an organizing framework to list terms by the main
concepts in the search question. This framework is commonly
used to identify components of clinical evidence for systematic
reviews in evidence-based medicine and is endorsed by the
Cochrane Collaboration [16].

Search Strategy
The following electronic databases were searched: Medline
Ovid, Cumulative Index of Nursing and Allied Health Literature
(CINAHL) Plus Advanced, Applied Social Sciences Index and
Abstracts (ASSIA), ZETOC, Institute of Electrical and
Electronics Engineers (IEEE) Explore Digital Library, Allied
and Complementary Medicine (AMED), and Education
Resources Information Center (ERIC) between January 2006
and January 2017 (see Multimedia Appendix 1 for details). The
search was conducted using three concepts (and appropriate
synonyms for each) across the selected databases:
technology-enhanced learning, health care, and educational
measurement. A total of 13 synonyms were used in the literature
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search. These phrases included technology-enhanced learning,
technology-enhanced education, e-learning, e-education, blended
learning, blended education, digital learning, digital education,
evaluation studies, program evaluation, effectiveness, validation

studies, and intervention. Reference lists were hand searched
for relevant studies. The flow diagram in Figure 1 illustrates
the search strategy.

Table 1. Application of the Population, Intervention, Comparison, and Outcomes (PICOS) Framework to the research question. TEL: technology-enhanced
learning.

DetailsParameter

Health care professionals in full-time or part-time employment undertaking continuing professional development that is delivered
using TEL (full time higher and further education students, school learners excluded).

Participants

Studies using a TEL evaluation tool or framework to evaluate technology-enhanced health care education programs. The
evaluation tool or framework must be used to evaluate a program for health care professionals.

Intervention

Some studies will have no comparison or comparator; others will examine one type of TEL approach against another.Comparison

Study must include: (1) evaluation of effective use of TEL, (2) the techniques being evaluated must be sufficiently specified,
(3) assessment of learning outcomes, and (4) assessment of educational content.

Outcomes

Both empirical and theoretical research published in English between 2006-2017 from peer reviewed journals, conference papers.
Systematic reviews and meta-analyses will not be included. Opinion papers will be excluded.

Study design

Figure 1. Literature search exclusion chart.
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Data Extraction
A specific data extraction tool was developed based on the
inclusion and exclusion criteria. Each article was reviewed and
information was extracted in relation to participant type, study
design, sample size, types of TEL used, TEL evaluation tool
used, and key study findings.

Quality Assessment
Critical appraisal is a standardized way of assessing research
so that decisions can be made based on the best evidence
available [17]. The Crowe Critical Appraisal Tool (CCAT) was
developed to provide a tool that can reliably assess a range of
research designs, provide a comprehensive appraisal approach,
and provide a suitable scoring method [17]. Quality assessment
was conducted for all articles included within the study. The
CCAT was used to assess quality across reporting items in eight
categories: Preamble, Introduction, Design, Sampling, Data
collection, Ethical matters, Results, and Discussion. The items
were rated on a nominal scale (Present/Absent/Not applicable).
The CCAT was selected as an appropriate critical appraisal tool
for this study, as it can be reliably applied across a range of
study designs and has been applied to a range of both
quantitative and qualitative studies [17]. The CCAT emphasizes
the importance of measuring and recording scores for each of
the categories rather than simply the final score for each study.
This approach prevents papers that score high overall, but poorly
in one or more categories, from becoming less visible than
papers that score highly throughout all categories. A subset of
the studies [14,18-20] was randomly selected for scoring by
additional reviewers (SM and HVW).

Results

Search Outcome
A total of 430 articles were identified in the initial titles search
of the online databases and hand search of the literature.
Following the application of the inclusion criteria to the titles
and abstracts, 60 articles remained. The full text of the 60
articles were evaluated using the inclusion criteria and a total
of 21 articles [14,18-37] were identified as suitable for the
review.

Multimedia Appendix 2 shows a summary of the information
extracted from the studies. Ten of the studies measured TEL
using learner satisfaction surveys, 8 combined pretest and
posttest knowledge score testing with learner satisfaction surveys
(1 with pretest and posttest knowledge score testing only), and
2 used qualitative frameworks. The selected studies described
the use of a variety of different TEL modes or combinations of
each, including: 12 used Web-based e-learning, 4 used learning
management systems, 2 used video simulation, and 6 used
blended learning formats.

Quality Assessment
The results of the quality assessment are summarized within
Table 2. The CCAT scores for the studies selected using the
inclusion criteria indicate that the quality of studies varied
greatly across the range of research parameters examined. Of
the 21 papers, 19 presented sufficient information to be included
in the CCAT evaluation. Two papers [14,18] were identified as
TEL articles rather than research papers with CCAT scores in
early sections too low to be viable to continue scoring, in
accordance with CCAT user guidance. Ten studies scored above
the average score of 68% overall and 9 scored less than this
average (these are italicized within Table 2). The lowest
average-scored sections for the set of 19 studies were in Ethical
Matters, with a score of 2/5. Design, Data Collection, and
Results each produced average scores of 3/5. Preliminaries,
Discussion, Introduction, and Sampling sections each produced
the higher average scores of 4/5 for the studies examined.

These elements give a useful starting point in describing a
requisite information set for inclusion within all good quality
research studies. The value of studies that fail to include and
compliment these basic elements with additional standard or
sufficient research information data is significantly reduced.
The studies examined had low scores for the Ethics section
overall. This section looked for information related to
consideration of standard research ethics, such as participant
ethics and researcher ethics, even where formal ethical approval
had not been required. Information that conveys ethical
considerations is a prerequisite of all research studies.

The relatively low scores achieved in relation to Design, Data
Collection, and Results categories are also concerning, as this
renders many of the studies difficult (if not impossible) to
replicate. This section looked for inclusion of information on
interventions, outcomes, or treatment measures, in addition to
sufficient descriptions of the research design and rationale. A
key requisite of effective TEL evaluation research is ensuring
that the intervention is sufficiently described to support others,
who may wish to make comparisons, or to confidently apply
the research to their own practice or education program
development [11]. Only in this way will we begin to establish
a reliable evidence base around TEL evaluation. The higher
average quality assessment scores were in relation to the
Discussion section and Preliminary and Introductory elements
such as title, abstract, background, and objectives information.

A subset of the studies [14,18-20] was randomly selected for
additional scoring by PN. The studies were provided to two of
the coauthors of this paper (SM and HVW) for them to provide
an additional score using the CCAT scoring template and guide.
The average difference between the original and additional
scoring across 4 of the papers was found to be 19%.
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Table 2. Crowe Critical Appraisal Tool (CCAT) scores summary. Italics indicate studies that scored less than the average score of 68%. N/A: not
applicable.

Raw score

n (%)

CCAT categoryAuthors

DiscussionResultsEthical

matters

Data

collection

SamplingDesignIntroductionPreliminaries

0N/AN/AN/AN/AN/AN/A12Akroyd et al [14]

0N/AN/AN/AN/AN/AN/A11Lotrecchiano et al [18]

15 (37.5)31031142Westbrook [37]

16 (40)41012134Konstantinidis et al [31]

19 (47.5)42022234Walsh et al [35]

20 (50)43122242Heartfield et al [29]

21 (52.5)32043343Chuo et al [24]

22 (55)24522322Wang [36]

23 (57.5)43232443Gill [27]

25 (62.5)42214354Ingelbeen et al [30]

26 (65)44044343Safwat and Pourabdollah [33]

30 (75)53045355Goldberg Goetz et al [28]

32 (80)44444453Byrne et al [22]

32 (80)44325455Bekkers et al [21]

32 (80)44244455Popescu et al [32]

32 (80)34155455Sranacharoenpong et al [34]

33 (82.5)45444354Chang et al [23]

34 (85)55055455Moreira et al [19]

35 (87.5)55255355Fontaine et al [26]

35 (87.5)54444455Schneiderman et al [20]

38 (95)55545455Cortese-Peske [25]

Discussion

Principal Findings
Despite the growth in popularity and types of TEL education
programs produced over the last two decades, this review was
only able to identify a small pool of studies that met the
inclusion criteria for TEL evaluation of a health care
professional education program. Many of the included studies
described the TEL methods evaluated as virtual learning
environments, online or e-learning modules, platforms, or
blended formats. There was little evidence provided within the
selected studies regarding evaluation of bidirectional TEL
approaches or newer types of TEL approaches such as Personal
Learning Environments (PLEs). PLEs are activity spaces in
which students interact and communicate with one another, and
with experts, by using Web 2.0 tools. The ultimate result of
using Web 2.0 tools is the development of collective learning
approaches such as “just-in-time” and “at-your-fingertips”
learning opportunities that can support a wide range of teaching
and learning activities [38]. The evaluation studies identified
in this review relied heavily on measuring TEL using learner
satisfaction measures. Only one study [37] cited use of a
structured approach to evaluating the more interactive two-way

learning process between learner and tutor that is offered by
models such as the Salmon-5 stage model [39]. The most widely
cited types of learner outcome measurements used within
educational evaluations are Kirkpatrick’s [40] models. While
these methods of measurement may often provide a useful
starting point for effective assessment of TEL evaluations, the
model itself may not be ideally suited to the evaluation of TEL
health care education. That is, where the Kirkpatrick model
emphasizes increased confidence in newly acquired knowledge
as being important, effective health care education would want
evidence that this new knowledge is both learned and
implemented in practice beyond a practitioner’s own perception
of knowledge gain or confidence [13]. For health care education
to truly support health care practice we need to be able to
accurately measure the added knowledge, skills, or awareness
that TEL programs may or may not provide.

This review of the literature concerning evaluations of TEL
highlights the pattern that previous authors have noted for
studies to employ a narrow focus in evaluation on either the
technology equipment itself, measurement of learner
satisfaction, or preknowledge and postknowledge scores [41,42].
Some of the studies included aspects of intralearner activity
within their evaluation [18,22,27,28,30,33,37]. However, the
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dominance in the literature of evaluation studies measuring
largely (or only) individual pretest and posttest knowledge
presents a number of concerns within TEL for health care
professionals. That is, where program assessments are relied
upon to determine added value, learner gain, or improvement
it is necessary to consider the extent to which they were matched
to the actual TEL aims or enhancement being sought.

Testing methods can heavily influence the learner’s focus and
how they approach learning. If we consider that one of the key
functions of employing technology in learning is to help people
connect more effectively with each other and the learning
materials, and to inspire learner interaction in accordance with
a social constructivist learning approach, then assessments that
focus solely on the work of each individual (ie, cognitivist style,
pretest and posttest scoring) may have a considerable impact
on each learner’s behavior and the efficacy of the program
overall [43]. There is an ongoing need for more TEL evaluation
studies to detail the purpose of TEL interventions and the
assessment and overall approaches adopted, and to demonstrate
how the technology is enhancing the learning experience [2].

There is a need to be able to identify high quality TEL for health
care education research studies and to be able to compare the
outcomes from these sources to produce practical TEL
evaluation tools. This need has also been highlighted throughout
the last two decades in the literature on TEL in other contexts
[44]. A more specific and standard approach to TEL evaluation
in health care education with common measurements or tools
would enable health care professionals, employers, and program
designers to measure and then document effective TEL for
health care education. In this way, a reliable TEL evidence base
can grow and be progressively used to its full effect to influence
or even transform educational programs for health care
education now and in the future.

The CCAT tool used in this study enabled various forms of
evidence presented within the literature to be explored in terms
of TEL evaluation and the quality of the evidence presented.
While some of the studies did present a full range of detailed
research information, a number of those examined lacked
information on the fundamental elements of good quality
research. Ellaway [11] has highlighted similar issues related to
published research for online learning where, as with TEL study
interventions, they are often inadequately described. A more
complex analysis of interassessor consistency in scoring using
the CCAT tool could have been undertaken within this study.
However, although the interassessor scoring was limited in this
case by available resources, it was already building on the robust
methods outlined by Crowe et al [17].

Limitations
This review has not measured standard educational quality
parameters or set out to identify the requisite elements of a
robust TEL evaluation guide (or tool) for health care
professionals’education. Instead, it focused on identifying what
evidence of TEL evaluation for health care professional

education already exists within the literature and examined
whether it was of sufficient quantity and quality as an evidence
base for organizations to use to develop increasingly effective
and transformative TEL education programs. Although the
subject of TEL dates to at least the 1990s in the context of
further and higher education, its application within health care
education is much more recent. On that basis, the decision was
made to restrict the literature search to 2006-2017. Other
databases such as Web of Science were checked but yielded
few references that fully met the inclusion criteria, and such
databases were therefore not included within the literature
review methods for this study.

Conclusions
This review found limited published evidence of standard tools
being implemented to measure TEL in health care education
programs. Developing and implementing TEL health care
education can require organizations to make considerable
financial, human, and infrastructure investment. There is a
mismatch between the scale of uptake of TEL in health care
education and availability of a sufficiently robust evidence base
of meaningful TEL evaluations in health care education. The
outcomes of the systematic review and critical appraisal of this
study support the views of Kirkwood and Price [2] who stated
that there is a scarcity of published studies of practical TEL
education programs that generate evidence that is appropriate
to the interventions described, and that can be drawn upon.

A review of the TEL evaluation literature to help identify an
evidence-based list of essential parameters to include within
TEL health care education evaluation reports and studies would
be a useful focus for further research. There continues to be a
need to develop effective and standard TEL evaluation tools
and for the publication of good quality studies that describe
effective evaluation of TEL education for health care
professionals . Studies often fail to provide sufficient detail to
support transferability or direct future TEL health care education
programs’ design and implementation. The use of a standard,
practical, and quality approach to TEL evaluation, recording,
and reporting with the same tools (or even parameters) across
a variety of health care education programs would address this
gap over time. This type of approach would also reduce
duplication of efforts for organizations in creating or recreating
tools, and importantly support cross-program and
cross-organizational comparisons.

There is a range of guides, frameworks, and standards emerging
in the literature and across practice to guide the design of TEL
within health care and higher education institutions, programs,
and resources. The models that have been proposed require
widespread implementation, rigorous in-practice testing, and
effective reporting to ensure that TEL education programs for
health care professionals are evaluated in a more robust manner
than is currently evident in the literature [13]. In this way, such
programs can then usefully shape the emerging field of TEL
evaluation for health care education.
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Abstract

Background: In practice, online health communities have passed the adoption stage and reached the diffusion phase of
development. In this phase, patients equipped with knowledge regarding the issues involved in health care are capable of switching
between different communities to maximize their online health community activities. Online health communities employ doctors
to answer patient questions, and high quality online health communities are more likely to be acknowledged by patients. Therefore,
the factors that motivate patients to maintain ongoing relationships with online health communities must be addressed. However,
this has received limited scholarly attention.

Objective: The purpose of this study was to identify the factors that drive patients to continue their use of online health
communities where doctor-patient communication occurs. This was achieved by integrating the information system success model
with online health community features.

Methods: A Web spider was used to download and extract data from one of the most authoritative Chinese online health
communities in which communication occurs between doctors and patients. The time span analyzed in this study was from January
2017 to March 2017. A sample of 469 valid anonymous patients with 9667 posts was obtained (the equivalent of 469 respondents
in survey research). A combination of Web mining and structural equation modeling was then conducted to test the research
hypotheses.

Results: The results show that the research framework for integrating the information system success model and online health
community features contributes to our understanding of the factors that drive patients' relationships with online health communities.
The primary findings are as follows: (1) perceived usefulness is found to be significantly determined by three exogenous variables

(ie, social support, information quality, and service quality; R2=0.88). These variables explain 87.6% of the variance in perceived
usefulness of online health communities; (2) similarly, patient satisfaction was found to be significantly determined by the three

variables listed above (R2=0.69). These variables explain 69.3% of the variance seen in patient satisfaction; (3) continuance use

(dependent variable) is significantly influenced by perceived usefulness and patient satisfaction (R2=0.93). That is, the combined
effects of perceived usefulness and patient satisfaction explain 93.4% of the variance seen in continuance use; and (4) unexpectedly,
individual literacy had no influence on perceived usefulness and satisfaction of patients using online health communities.

Conclusions: First, this study contributes to the existing literature on the continuance use of online health communities using
an empirical approach. Second, an appropriate metric was developed to assess constructs related to the proposed research model.
Additionally, a Web spider enabled us to acquire objective data relatively easily and frequently, thereby overcoming a major
limitation of survey techniques.

(J Med Internet Res 2018;20(4):e126)   doi:10.2196/jmir.9127

KEYWORDS

health information management; health communication; information literacy; social networking

J Med Internet Res 2018 | vol. 20 | iss. 4 |e126 | p.455http://www.jmir.org/2018/4/e126/
(page number not for citation purposes)

WuJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:ww_bing@163.com
http://dx.doi.org/10.2196/jmir.9127
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Research indicates that online health communities (OHCs) have
become major sources of health information for the general
public and have dramatically changed health information seeking
and exchange [1]. Individuals seek online health information
for various reasons such as quick and easy access, anonymity
or privacy, the variety of available information,
cost-effectiveness, and improved communication. Thus, health
information acquired online can increase people’s knowledge
and further develop personal skills and abilities [2].

In practice, OHCs have passed the adoption stage to reach the
diffusion phase of development. In this phase, patients equipped
with knowledge regarding health care issues are capable of
switching between different communities to maximize their
OHC activities. OHCs employ doctors to answer patient
questions, and high quality OHCs are more likely to be
acknowledged by patients. Therefore, one important question
that must be addressed is: what factors drive patients to maintain
ongoing relationships with OHCs in which communication
occurs between doctors and patients? However, this important
question has received limited scholarly attention [3].

Objective
The goal of this study was to examine the factors that drive
patients to perpetuate ongoing relationships with OHCs in which
communication occurs between doctors and patients, by
integrating the information system success model (ISSM) and
OHC features. Methodologically, the study uses a combination
of Web mining and structural equation modeling (SEM) [4] to
analyze data captured by a Web spider from one of the most
authoritative OHCs in China. This approach can circumvent
many of the problems associated with survey data, such as
expense and the need for an acceptable response rate.

Methods

Research Model
An OHC is a group of individuals who interact in health and
wellness-related virtual communities to seek information,
assistance, emotional support, and communication opportunities
[5]. Many benefits of OHC participation have been identified,
including increased support, perceived empathy, optimism,
reduced levels of stress, depression, and psychological trauma
[6]. Compared with other online communities, OHCs aim to
provide various types of social support [7]. Thus, individual
literacy and social support are two important OHC features [8].
In recent years, OHC research has increasingly begun to
emphasize relationship-building [9] and psychological
empowerment [10]. Although these studies have revealed
various interesting findings, the factors that govern the patient
continuance use of OHCs remain unknown [3].

As a critical indicator of information system (IS) success,
continuance use is essential for realizing the value of IS within

organizations [11]. Therefore, the measurement of IS success
is important for assessing the effectiveness of IS governance
and IS investments. Previous research has identified IS success
measures 12. It has been proposed that a system can be evaluated
in terms of quality measures such as information quality, system
quality, and service quality. These characteristics affect
subsequent use and user satisfaction, and contribute to the belief
that certain benefits will be achieved by using the system [12].

The validity of the ISSM in various contexts, which has been
demonstrated through a variety of empirical studies, indicates
that ISSM are well accepted by IS scholars and useful for
practitioners [13]. So, it is assumed that the updated ISSM can
be adapted for system success measurement in the OHC context
[14]. Considering that system quality has been an essential
prerequisite for information systems, especially for OHCs [15],
we used measures related to quality (ie, information quality and
service quality).

In summary, the aim of this study was to develop a research
model integrating the ISSM and OHC features to study which
factors drive patients to maintain ongoing relationships with
OHCs in which communication occurs between doctors and
patients. The proposed model identifies several attributes as
predictors of a patient’s OHC continuance use. The relationships
between the constructs are depicted in the conceptual model
demonstrated in Figure 1. The continuance use expresses the
likelihood that patients will continue to visit and participate in
an OHC. Patient satisfaction and perceived usefulness are
primarily subjective concepts influenced by individual literacy,
social support, information quality, and service quality. Because
no reliable measures developed by Web mining are found in
the literature [16], we adjusted and developed a metric to
measure constructs in the proposed model.

Individual Literacy–Related Hypotheses
Although the current use of OHCs is extensive and their possible
benefit for the public is substantial, website limitations prevent
patients from exploiting the full potential of OHCs. Problems
associated with retrieving information from OHCs tend to
involve language, literacy, education, technology, and cultural
barriers [17].

The relationship between individual literacy and perceived
usefulness is of interest to many scholars [18]. Three types of
literacy (ie, information literacy, media literacy, and health
literacy) are related to understanding and acting on individual
literacy in this study. They can be measured by Web mining
patients’ posts [19]. We define patient post as a new thread
posted by a patient that can be followed by replies from doctors
and additional questions from the patient.

Information Literacy

Information literacy is defined as a set of skills that are necessary
to identify, access, evaluate, and use information effectively
[20]. It is important for individuals who wish to access health
information and relates to their ability to share content [21].
The text length of a patient’s post [22] is an important indicator
of the patient’s information literacy.
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Figure 1. Proposed research model.

Thus, the information literacy of a patient i (ie, IL1i) could be
evaluated by the average text length of each post (equation 1,

Figure 2), where length(pij) is the text length of the jth post pij

by patient i and n is the total number of posts by patient i during
a certain time interval.

Media Literacy

Media literacy is defined as the ability to evaluate and judge
the accuracy of media information [23]. The sentiment of a
patient’s post [24, which refers to feelings and emotions
expressed by a patient through their post, can be used as a
critical indicator of the patient’s media literacy. Sentiment
analysis can be used to systematically quantify subjective
information from a patient’s post. We use the Chinese sentiment
polarity dictionary, National Taiwan University Semantic
Dictionary (NTUSD), developed by Taiwan University, to
identify the sentiment of each post pij of patient i as a negative,
neutral, or positive emotion (equation 2, Figure 2) [25], where

the sentiment score senti(pij) is the jth post pij by patient i,

length(pij) is the text length of the jth post pij by patient i,s is

number of sentences in the jth post pij by patient i, and t is
sentiment expression terms in sentences, pos(t,s) is part of t in
sentence s, pol(t,s) polarity of t in sentence s, and ntusd(t,
pos(t,s), pol(t,s)) is the NTUSD intensity value for term t based
on its sentence part pos(t,s) and polarity pol(t,s). The media
literacy of patient i (ie, IL2i) could be calculated as the average
sentiment of each post (equation 3, Figure 2), assuming the total
number of posts by patient i is n during a certain time interval.

Health Literacy

Health literacy has been defined as the ability to read,
comprehend, and act upon health information [26]. The number
of medical terms in a patient’s post can be an indicator of the
patient’s proficiency in health literacy [27]. We began by
extracting the medical terminology from the tag in the OHC.
Next, we counted the examples of these terminologies contained
in each post of patient i,. Health literacy of patient i (ie, IL3i)
could then be calculated as the average number of medical terms
in each post (equation 4; Figure 2), where medt(pij) is the

number of medical terms in the jth post pij by patient i, and n is

the total number of posts by patient i during a certain time
interval.

Individual Literacy

Generally, individual literacy is directly related to the ability to
communicate with others [28] and to express individual needs.
This, in turn, affects the patient’s perceived usefulness of and
satisfaction with OHCs. Accordingly, we propose the following
research hypotheses:

Hypothesis 1: individual literacy has a positive effect
on perceived usefulness of OHCs.

Hypothesis 2: individual literacy has a positive effect
on patient satisfaction when using OHCs.

Social Support–Related Hypotheses
The social support aspect is used to assess whether patients can
benefit from social relationships in the OHC context [29]. Social
support in OHCs refers to the verbal and nonverbal
communication exchanged between recipients and providers
that reduces uncertainty regarding the situation or the
relationship, and functions to enhance a perception of personal
control in one’s experience [30].

Three types of social support (ie, companionship support,
informational support, and emotional support) [31] are examined
in this study. They can be measured by Web mining of doctors’
replies to patients’ posts.

Companionship Support

Companionship support gives someone a sense of social
belonging, through the presence of companions to engage in
shared social activities [32]. Companionship support in OHCs
refers to communications of opinions or facts relevant to current
health-related difficulties (eg, advice, personal feedback, and
information) that may provide a solution to a problem. Such
support also increases information sharing, which in turn leads
to a better patient-doctor experience. Thus, companionship
support to patient i (ie, SS1i) could be calculated as the average
number of doctors who replied to each post by the patient
(equation 5, Figure 2), where num(drpij) is the total number of

doctors who replied to the jth post pij by patient i, and n is the
total number of posts by patient i during a certain time interval.
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Figure 2. Equations.

Informational Support

Informational support refers to advice, guidance, suggestions,
or useful information provided to someone. Informational
support in OHCs involves a doctor-patient interaction where
the former assists latter with managing particular questions and
uncertainties regarding a given situation in a highly supportive
manner [33]. The number of best answers provided by doctors
is an important indicator of valuable support to patients.
Valuable support to patient i (ie, SS2i) could be calculated as
the average number of best answers provided by doctors to each
post by the patient (equation 6, Figure 2), where num(brpij) is

the total number of best answers provided by doctors to the jth

post pij by patient i, and n is the total number of posts by patient
i during a certain time interval.

Emotional Support

Patients in an OHC are influenced by the emotional support
they receive and the quality of information and companionship
they are provided [34]. Interaction through OHCs can increase
emotional support and lead to a sense of self-esteem in patients
[35]. Studies have reprted on the positive impact of such support
on overall health outcomes, health education, and patient
empowerment [36]. Emotional support to patient i (ie, SS3i)
could be calculated as the average reply sentiment of the doctors

to each post (equation 7, Figure 2), where sentiment is calculated
according to equation 2 in Figure 2, senti(rpij) is the reply

sentiment of the doctors to the jth post pij by patient i, and n is
the total number of posts by patient i during a certain time
interval.

Social Support

The social support of OHCs is credited with many positive
health outcomes such as increased immune system strength and
reduced stress and depression [37]. Here, we suggest that
positive social support will translate into positive perceptions
of OHCs. Thus, the following hypotheses are proposed:

Hypothesis 3: social support has a positive effect on
perceived usefulness of OHCs.

Hypothesis 4: social support has a positive effect on
patient satisfaction when using OHCs.

Information Quality–Related Hypotheses
Information quality in OHCs refers to content issues and
includes the completeness, accuracy, format, and currency
aspects of the information [38]. Three types of information
quality (ie, information reliability, information relevancy, and
information consistency) [39] are identified in this study that
can be measured by Web mining doctors’ replies to patients’
posts.
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Information Reliability

Information reliability is, literally, the extent to which an
individual can rely on the source of the information [40]. The
official title of doctors certified by a national agency with
uniform standards is a guarantee of reliable information sources.
Thus, the reliability of information sources for patient i (ie,
IQ1i) could be calculated as the average title of the doctors who
replied to each post (equation 8, Figure 2), where title(drpij) is

the academic title of the kth doctors who replied to the jth post
pij by patient i, num(drpij) is the total number of doctors who

replied to the jth post pij by patient i, and n is the total number
of posts by patient i during a certain time interval. A scale of 1
to 5 was used to normalize the job titles (1=assistant doctor,
2=resident doctor, 3=chief doctor, 4=associate archiater, and
5=archiater).

Information Relevancy

Information relevancy in OHCs means that information is
applicable and helpful for health-related goals of patients [41].
Thus, we calculated the degree of relevancy between the tags
of each post field of patient i replied to by doctors and the
expertise tag of each replying doctor. Then, the information
relevancy to patient i (ie, IQ2i) could be calculated as the
average number of the relevancy degree (equation 9, Figure 2),
where tagk(drpij) divided by tag(pij) is the number of the

relevancy degree of the kth doctors who replied to the jth post
pij by patient i, num(drpij) is the total number of doctors who

replied to the jth post pij by patient i, and n is the total number
of posts by patient i during a certain time interval.

Information Consistency

Information consistency in OHCs denotes that information is
always presented in the same format and is in line with previous
information [42]. The number of examples of medical
terminology in a doctor’s reply could be a key indicator of
information consistency in OHCs. On the basis of the medical
terminology extracted from the tag in the OHC, we counted the
number of medical terms in each reply to a post. Therefore, the
information consistency to patient i (ie, IQ3i)could be calculated
as the average number of medical terms in the replies of doctors
to each post (equation 10, Figure 2), where med(rpij) is the

number of medical terms in the replies of kth doctors who

answered the jth post pij by patient i, num(drpij) is the total

number of doctors who replied to the jth post pij by patient i,
and n is the total number of posts by patient i during a certain
time interval.

Information Quality

As a necessary measure of success, OHC information quality
is a highly vital factor that affects the patient’s online behavior.
This factor indicates the importance of quality online
information and references [43]; and information quality
significantly affects perceived usefulness [12]. Thus, we propose
the following research hypotheses:

Hypothesis 5: information quality has a positive effect
on perceived usefulness of OHCs.

Hypothesis 6: information quality has a positive effect
on patient satisfaction when using OHCs.

Service Quality–Related Hypotheses
OHC service quality is defined by the feelings of patients
regarding the level of service while browsing and interacting
within the community [44]. Three types of service quality (ie,
service responsiveness, service effort, and service empathy) are
identified in this study that can be measured by Web mining
doctors’ replies to patients’ posts.

Service Responsiveness

Service responsiveness in OHCs refers to the willingness of
doctors to help patients with prompt service. Thus, service
responsiveness [45] of doctors to patient i (ie, SQ1i) could be
measured as the average time taken for the first reply to be

posted to the jth post [t(rpij)−t(pij)] as shown in Figure 2
(equation 11), assuming the total number of posts by patient i
is n during a certain time interval.

Service Effort

Service effort is defined in OHCs as the amount of time and
energy the doctor invests in replying to patients [46]. Thus,
service effort exerted in responsiveness by doctors to patient i
(ie, SQ2i) could be evaluated by the average text length of replies
to each post [22], as shown in Figure 2 (equation 12), where

length(rpij) is the text length of replies to the jth post pij by
patient i, and n is the total number of posts by patient i during
a certain time interval.

Service Empathy

Service empathy in the OHC means that the doctors provide
individualized attention to the patients [47]. The average number
of patients to whom doctors have replied could be used as a
critical indicator of service empathy. Thus, the service empathy
[48] of doctors to patient i (ie, SQ3i) could be evaluated by the
average number of patients to whom doctors have replied
(equation 13, Figure 2), where countk(drpij) is the total number

of patients to whom the kth doctor replied, in which the kth doctor

is the one who replied to jth post pij by patient i, num(drpij) is

the total number of doctors who replied to the jth post pij by
patient i, and n is the total number of posts by patient i during
a certain time interval i.

Service Quality

Service quality at OHCs differs from the traditionally studied
service quality in IS research, which focuses on the services of
organizations [49]. OHCs not only support the creation,
exchange, and perception of information but also create a virtual
community to support the use of collaborative and interactive
services. In recent years, there have been a number of studies
on how service quality affects perceived usefulness and patient
satisfaction in OHCs [50]. Several studies have observed that
service quality has a significant effect on patient satisfaction
[50].

This study proposes that service quality influences the perceived
usefulness and patient satisfaction of OHCs, which, in turn,
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influences continuance use. Thus, the following hypotheses are
proposed:

Hypothesis 7: service quality has a positive effect on
perceived usefulness of OHCs.

Hypothesis 8: service quality has a positive effect on
patient satisfaction when using OHCs.

Perceived Usefulness–Related Hypotheses
On the basis of its definition as capable of being used
advantageously, perceived usefulness is explained as the degree
to which a person believes that using a particular system would
enhance his or her job performance [51]. The perceived
usefulness of an OHC can be described as the extent to which
a patient believes that an OHC can be useful in achieving
health-related goals.

A patient post can be followed by replies from doctors, and then
be followed by additional questions from the patient. The
feedback provided through this back-and-forth dialogue adds
to the perceived usefulness of patients [17,52]. Thus, three types
of perceived usefulness (ie, feedback emotion, feedback effort,
and feedback time) are identified in this study that can be
measured by Web mining patients’ additional questions.

Feedback Emotion

As indicators of whether or not motives are satisfied in OHCs,
emotions in additional questions show how patients feel about
replies from doctors. Thus, emotions in patient feedback i (ie,
PU1i) could be calculated as the average sentiment of additional
questions to each post (equation 14, Figure 2), where senti(fpij)

is the sentiment of each additional question of the jth post pij by
patient i, and n is the total number of posts by patient i during
a certain time interval.

Feedback Effort

The patient feedback effort in OHCs is the amount of time and
energy the patient invests in feedback to doctors. The patients
can signal their perceived usefulness by feedback efforts. Thus,
the feedback effort of patient i (ie, PU2i) could be calculated
as the average ratio of length to number of additional questions
to each post (equation 15, Figure 2), where num(fpij) is the total

number of additional questions of the jth post pij by patient i,

length(fpij) the text length of additional questions of the jth post
pij by patient i and, n is the total number of posts by patient i
during a certain time interval.

Feedback Time

Feedback time in OHCs is the total amount of time it takes for
patients to respond to replies from doctors. Thus, the feedback
time of patient i (ie, PU3i) could be evaluated by the average
time taken before posting the first additional question following
a post (equation 16, Figure 2), where t(fpij)−t(pij) is the time

interval until the first additional question to the jth post pij by
patient i, and n is the total number of posts by patient i during
a certain time interval.

Perceived Usefulness

A system high in perceived usefulness is one that a user believes
offers a positive use-performance relationship [53]. Several
prior studies suggest that perceived usefulness is the antecedent
of overall customer satisfaction. Additionally, perceived
usefulness is a construct that has been repeatedly shown to
influence attitude and is a direct determinant of continued IS
use [54]. Thus, the following hypotheses are proposed:

Hypothesis 9: perceived usefulness has a positive
effect on patient satisfaction when using OHCs.

Hypothesis 10: perceived usefulness has a positive
effect on the continuance use of OHCs.

Patient Satisfaction–Related Hypotheses
In the OHC context, patient satisfaction describes the feelings,
attitudes, and expectations of patients who perceive that they
have received good services from an OHC and are likely to
revisit. Since the 1980s, user satisfaction has received
considerable attention in the IS literature and remains a focus
of considerable research interest [55]. The quality of a user’s
experience and satisfaction with a website has been used in
recent research as determinants of success [56].

Patients can express opinions to doctors conveniently and easily
in OHCs; thus, their satisfactions can be broadly recognized by
the total number of public thank-you letters, online votes, and
virtual gifts to doctors. Therefore, three types of patient
satisfaction are identified in this study (ie, satisfaction via
thank-you letters, satisfaction via online votes, and satisfaction
via virtual gifts).

Satisfaction via Thank-You Letters

Thank-you letters are written by patients to doctors to express
appreciation in OHCs. Thus, satisfaction via thank-you letters
of patient i (ie, PS1i) could be evaluated by the average number
of thank-you letters received by doctors who replied to a post
(equation 17, Figure 2), where tylk(drpij) is the total number of

thank-you letters for the kth doctor who replied to the jth post pij

by patient i, num(drpij) is the total number of doctors who

replied to jth post pij by patient i, and n is the total number of
posts by patient i during a certain time interval.

Satisfaction via Online Votes

Online votes show praise given by patients to doctors in OHCs.
Thus, satisfaction via online votes of patient i (ie, PS2i) could
be evaluated by the average number of online votes to doctors
who replied to posts (equation 18, Figure 2), where ovk(drpij)

is the total number of online votes for the kth doctor who replied

to the jth post pij by patient i, num(drpij) is the total number of

doctors who replied to the jth post pij by patient i, and n is the
total number of posts by patient i during a certain time interval.

Satisfaction via Virtual Gifts

Virtual gifts are sent to doctors by patients in OHCs. Thus,
satisfaction via virtual gifts of patient i (ie, PS3i) could be
evaluated by the average number of virtual gifts given to doctors
who replied to posts (equation 19, Figure 2), where vgk(drpij)
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is the total number of virtual gifts for the kth doctor who replied

to the jth post pij by patient i, num(drpij) is the total number of

doctors who replied to the jth post pij by patient i, and n is the
total number of posts by patient i during a certain time interval.

Patient Satisfaction

As DeLone and McLean [12] suggest, a positive use experience
will result in increased user satisfaction. Similarly, increased
patient satisfaction will result in increased continuance use [57].
Because user satisfaction is a significant influencer of user
retention, it is often regarded as the most useful and easiest way
of evaluating an IS [14]. Thus, the following hypothesis is
proposed:

Hypothesis 11: patient satisfaction has a positive
effect on the continuance use of OHCs.

Continuance Use
Typically, continuance use illustrates patients’ behavior to
continue using OHCs [58,59]. Thus, two types of patient
continuance use are identified in this study (ie, membership
length and frequency of posts from patients).

The membership length of patient i (ie, CU1i) could be
calculated as the time span from registration to the present
(equation 20, Figure 2).

The posting frequency of patient i (ie, CU2i) could be calculated
as n posts during t(pij)−t(pi1) as shown in Figure 2 (equation
21), assuming the total number of posts by patient i is n during
a certain time interval.

Data Collection
The objective of this study was to understand the factors that
drive patients to maintain ongoing relationship with OHCs in
which communication occurs between doctors and patients.
Although survey instruments are often used in such
circumstances, data are difficult to obtain, and data availability
and sample size problems may occur. Therefore, this study
collected objective data directly from OHCs by using a Web
spider.

To test our hypotheses, we captured data from a Chinese OHC
(the club.xywy website). This OHC is one of the most
authoritative forums in China that connects individuals with

health problems with doctors who can help them solve these
problems.

In this study, Locoy Spider (Hefei loy Information Technology
Co, Ltd China) was employed to download and extract data.
This software is freely available and can be downloaded from
the Locoy website. The time span analyzed in our study was
from January 2017 to March 2017. We preprocessed the data
according to the following rules: (1) delete records with no
doctor’s reply; (2) delete records not in accordance with the
required format; and (3) delete records with advertisements.
Finally, 469 valid anonymous patients with 9667 posts were
obtained, which is equal to 469 respondents in survey research.
Table 1 summarizes the demographics of the patients in the
dataset.

Measure Items in the Dataset
Table 2 summarizes the measure items in the dataset according
to research hypotheses. We used z-score to normalize each
measure item before data analysis.

Data Analysis
First, we examined the fitness and construct validity of the
proposed measurement model by assessing reliability,
convergent validity, and discriminant validity. Then, we
examined the structural model to investigate the strength and
direction of the relationships among the theoretical constructs.

Construct Validity

Evaluation of Reliability and Convergent Validity
The reliability of all multi-item constructs should exhibit a
Cronbach alpha larger than .70. Convergent validity should
meet the following criterion: the indicator’s estimated coefficient
should be significant with respect to its posited underlying
construct factor.

The measurement scales were evaluated using three criteria: all
item-factor loadings (k) should be significant and exceed 0.7,
the composite reliability (CR) for each construct should exceed
0.7, and the average variance extracted (AVE) for each construct
should be larger than 0.5 [60]. Table 3 shows that the item
loading, AVE, CR, and Cronbach alpha values for all constructs
in the measurement model exceeded the recommended threshold
values. In sum, the adequacy of the measurement model
indicated that all items were reliable indicators of the
hypothesized constructs.

Table 1. Demographics characteristics of the patients.

Frequency (n=469), n (%)Items

Gender

250 (53.3)Male

219 (46.7)Female

Age (years)

114 (24.3)Under 30

355 (75.7)30 or above
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Table 2. Measure items in the dataset.

Mean (SD)Construct code and measures

Individual literacy (IL) [20,23,26]

18.8 (15.3)Patient post text length (to measure information literacy from low to high)IL1

8.2 (2.4)Patient post sentiment (to measure media literacy from low to high)IL2

7.7 (3.0)Number of medical terms in a patient post (to measure health literacy from low to high)IL3

Social support (SS) [16,32,34]

852.7 (309.4)Number of doctors who reply to a patient post (to measure social contact from low to high)SS1

15.1 (9.9)Number of best answers to a patient post (to measure valuable assistance from low to high)SS2

10.7 (3.8)Sentiment of the doctor’s reply to a patient post (to measure emotional support from low to high)SS3

Information quality (IQ) [40,41,42,59]

3.5 (1.8)Job titles of doctors who reply to a patient post (to measure information reliability from low to high)IQ1

5.5 (3.6)Relevance degree between the expertise of the doctors who reply to a patient post and the field addressed by
a patient post (to measure information relevancy from low to high)

IQ2

10.2 (8.1)Number of medical terms in the doctor’s reply (to measure information consistency from low to high)IQ3

Service quality (SQ) [45,46,47]

4.8 (2.3)Responsiveness of the doctors to a patient post (to measure service responsiveness from low to high)SQ1

20.9 (17.3)Text length of doctors' replies (to measure service effort from low to high)SQ2

189.6 (148.3)Number of patients replied to by doctors (to measure service empathy from low to high)SQ3

Perceived usefulness (PU) [17,52,54]

8.7 (4.2)Sentiment of the patient’s additional questions (to measure feedback emotion from low to high)PU1

13.8 (8.1)Ratio of length to number of the patient’s additional questions (to measure feedback effort from low to high)PU2

15.1 (13.3)Time interval until the patient’s first additional question (to measure feedback time from low to high)PU3

Patient satisfaction (PS) [55,56]

3.5 (1.2)Number of thank-you letters to doctors (to measure satisfaction via thank-you letters from low to high)PS1

12.1 (22.3)Number of online votes awarded to doctors (to measure satisfaction via online votes from low to high)PS2

16.2 (33.5)Number of virtual gifts sent to doctors (to measure satisfaction via virtual gifts from low to high)PS3

Continuance use (CU) [58]

20.6 (17.1)The time span from registration to the present (to measure membership length from low to high)CU1

10.1 (8.1)Frequency of the patient’s posts (to measure posting frequency from low to high)CU2

Discriminant Validity
To test discriminant validity, the average variance shared
between a construct and its measures should be larger than the
variance shared by the construct and all other constructs in the
model [61]. The correlation analysis is shown in Table 4.

Goodness of Fit
The structural model was tested to assess how well the model
represented the data. We evaluated the following indices [62]:
the chi-square test statistic, the goodness-of-fit index (GFI), the
normed fit index, the comparative fit index, the Tucker-Lewis
index, and the root mean square residual. Table 5 presents the
results and recommended values. We conclude that the GFIs
displayed the recommended levels, which suggests that the
model provided a good fit with the data.

Structural Model for Hypothesis Testing
The purpose of the analysis was to determine which factors and
how these factors affect the continuance use. SEM using partial
least squares (PLS) was applied to test the hypothesized model.
Use of SEM is commonly justified in the social sciences because
of its ability to impute relationships between unobserved
constructs (latent variables) from observable variables, and PLS
is a latent SEM technique that uses a component-based approach
to estimation [63]. These techniques facilitate the analysis of a
structural model that assesses relationships among theoretical
constructs and a measurement model that assesses the reliability
and validity of measures. The test of the structural model
includes estimates of the path coefficients, which indicate the
strengths of the relationships between the dependent and
independent variables, and values, which represent the amount
of variance explained by the independent variables. Together,

the path coefficients (ie, the loadings and significance and R2)
indicate how well the data support the hypothesized model.
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Table 3. Construct reliability and convergent validity.

Cronbach alphaComposite reliabilityAverage variance extractedItem loadingsConstruct code

.890.940.77Individual literacy (IL)

0.95IL1

0.89IL2

0.89IL3

.910.960.74Social support (SS)

0.95SS1

0.91SS2

0.86SS3

.890.920.76Information quality (IQ)

0.95IQ1

0.89IQ2

0.87IQ3

.850.960.74Service quality (SQ)

0.93SQ1

0.85SQ2

0.85SQ3

.900.920.73Perceived usefulness (PU)

0.95PU1

0.89PU2

0.89PU3

.880.870.82Patient satisfaction (PS)

0.93PS1

0.87PS2

0.86PS3

.860.930.77Continuance use (CU)

0.91CU1

0.92CU2

Table 4. Interconstruct correlations and discriminant validity.

Continuance
use (CU)

Patient satisfaction
(PS)

Perceived usefulness
(PU)

Service quality
(SQ)

Information quality
(IQ)

Social support
(SS)

Individual literacy
(IL)

Constructs

0.85aIL

0.83a0.46SS

0.68a0.340.26IQ

0.77a0.180.220.05SQ

0.61a0.370.240.380.18PU

0.74a0.530.270.100.120.36PS

0.63a0.190.150.180.160.190.27CU

aThe average variance extracted for the reflective variables is consistently larger than the off-diagonal squared correlations, which suggests satisfactory
discriminant validity among variables.
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Table 5. Overall model t indices for the research model.

Recommended valueResults valueModel t indices

≤31.88Chi-square or degrees of freedom

≥0.90.93Goodness-of-fit index

≥0.90.96Normed fit index

≥0.90.92Comparative fit index

≥0.90.92Tucker-Lewis index

≤0.080.07Root mean square residual

Results

Path Analysis
Figure 3 illustrates the resulting path coefficients of the proposed
research model: (1) perceived usefulness is found to be
significantly determined by social support, information quality,

and service quality (R2=0.88). These variables explain 87.6%
of the variance seen in perceived usefulness; (2) similarly,
patient satisfaction is found to be significantly determined by
social support, information quality, and service quality

(R2=0.69). These variables explain 69.3% of the variance seen
in patient satisfaction; and (3) the dependent variable
(continuance use) is significantly determined by perceived

usefulness and patient satisfaction (R2=0.93). That is, the
combined effects of perceived usefulness and patient satisfaction
explain 93.4% of the variance in continuance use.

A summary of the hypothesis test results of the standardized
path coefficients and path significances is provided in Table 6.
Most of the paths are significant in the expected direction.
Overall, 9 out of 11 hypotheses are supported by the data. The
insignificant variables are individual literacy and perceived.

Influence of Exogenous Variables on Perceived
Usefulness and Patient Satisfaction
Unexpectedly, two hypotheses (hypothesis 1 and hypothesis 2),
that were supported in previous empirical research, were not
supported by our data. The results indicate that individual
literacy has no influence on perceived usefulness and patient
satisfaction. There are two plausible reasons for this result. First,
this may be because nearly 75.7% (355/469) of the sample are

older than 30 years, and they seek health information on behalf
of others, such as their parents or children. Second, although
individual literacy provides the ability to use an OHC, perceived
usefulness and patient satisfaction depend on the functionality
and characteristics of OHCs. From this perspective, the results
are logical.

Social support, information quality, and service quality exert
significant direct effects on perceived usefulness and patient
satisfaction. Thus, hypothesis 3 to 8 were supported. Generally,
social support is an important component of OHCs. In terms of
the main effects of social support on perceived usefulness and
patient satisfaction, our findings agree with previous research
results [64]. Because patients who visit OHCs may regard such
communities as repositories of information, information quality
and service quality significantly influence perceived usefulness
and patient satisfaction. That is, if patients perceive a high
quality of information and service, what matters the most when
determining their continuance use is whether they have
perceived usefulness and satisfaction.

Influence of Perceived Usefulness and Patient
Satisfaction on Continuance Use
Complementing the findings of prior studies [65], perceived
usefulness and patient satisfaction had significant effects on
continuance use. In addition, the effects of exogenous variables
on patient satisfaction are mediated by perceived usefulness.

Overall, these results suggest that increasing social support,
informational quality, and service quality may improve the
perceived usefulness and patient satisfaction of OHCs, which
in turn fosters continuance use within OHCs.

Figure 3. Path analysis. The asterisks *** next to path coefficient values signify P<.001.
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Table 6. Model path analysis. OHC: online health community.

SupportPath coefficientHypotheses (H)

No0.06H1: individual literacy has a positive effect on perceived usefulness

No0.03H2: individual literacy has a positive effect on patient satisfaction when using OHCs

Yes0.5aH3: social support has a positive effect on perceived usefulness

Yes0.96aH4: social support has a positive effect on patient satisfaction when using OHCs

Yes0.68bH5: information quality has a positive effect on perceived usefulness

Yes0.33aH6: information quality has a positive effect on patient satisfaction when using OHCs

Yes0.55aH7: service quality has a positive effect on perceived usefulness

Yes0.98aH8: service quality has a positive effect on patient satisfaction when using OHCs

Yes0.68aH9: perceived usefulness has a positive effect on patient satisfaction when using OHCs

Yes0.96aH10: perceived usefulness has a positive effect on the continuance use of OHC

Yes0.93aH11: patient satisfaction has a positive effect on the continuance use of OHC

aP<.001.
bP<.01.

Discussion

Principal Findings
The results show that the research framework for integrating
the ISSM and OHC features contributes to our understanding
of the roles certain constructs play in motivating patients to
revisit OHCs. Social support, information quality, and service
quality exert significant direct effects on perceived usefulness
and patient satisfaction. Regarding the influences of perceived
usefulness and patient satisfaction, both have significant effects
on continuance use of OHC patients. In addition, the effects of
social support, information quality, and service quality on patient
satisfaction are mediated by perceived usefulness. Overall, these
results suggest that increasing social support, informational
quality, and service quality may improve the perceived
usefulness and patient satisfaction of OHCs, which could in
turn positively influence the continuance use of OHC patients.
Unexpectedly, individual literacy has no influence on perceived
usefulness and satisfaction of OHC patients.

Limitations and Future Research
Although the results of this study are promising, several
limitations must be considered. First, the data analyzed in the
study were collected from an OHC in China, in which
communications are between patients and doctors. It is unclear
whether the results of this study can be generalized to all OHCs,
due to the limited number of Chinese OHCs. Therefore, future
research should include additional OHCs. Second, this study
used cross-sectional data to examine the critical factors that
influence patient continuance use of OHCs, which may not fully
capture OHC evolution. Future research may conduct
longitudinal designs to better understand OHC success.

Despite these limitations, this study has several important
implications for future OHC research and interventions. First,
Web-tracking techniques can provide more detailed and accurate

information on patient behavior patterns, and in turn contribute
to improving our understanding of OHC communication
mechanisms [66]. The model presented here provides a
foundation for future researchers to build on and refine. Second,
although we designed a novel metric for the constructs in our
model using Web mining, future studies should try to develop
more tailored metrics for OHCs. For example, the structural
properties of OHCc (eg, size and membership structure) can
also be important factors in hypothesis testing.

Comparison With Prior Work
First, our insights support a reconsideration of the impact of
individual literacy on perceived usefulness and patient
satisfaction. Because individual literacy does not contribute to
perceived usefulness and patient satisfaction, practitioners
should invest substantial effort in promoting continuous activity,
as patients may seek health information on behalf of others.
Because social support [37] contributes to the development of
perceived usefulness and patient satisfaction, OHC practitioners
should encourage doctors via suitable policies. Similarly, since
OHC information quality and service quality strongly influence
the development of perceived usefulness and patient satisfaction,
it is important to accelerate the accumulation of information
resources in terms of defining and archiving existing knowledge
[67].

Second, our findings have implications for practitioners
concerned with constructing sustainable OHCs that are active
and supportive. By showing that perceived usefulness mediates
the influence of social support, information quality, and service
quality on patient satisfaction and, in turn, on continuance use
of OHCs, we emphasize the importance of useful OHC
information resources. Therefore, entities responsible for
information-resource allocation should use the powerful role
that online collectives can play [68].
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Conclusions
The goal of this study was to examine the factors that drive
patients to maintain ongoing relationships with OHCs in which
communication occurs between doctors and patients. First, this
study contributes to the literature by identifying which factors
and how these factors influence patient continuance use.
Moreover, the measures for the constructs in the proposed model
have intuitive explanations and display good performance.

Second, we developed an appropriate metric for constructs in
the proposed model. In addition, a Web spider to collect data
enabled us to acquire objective data frequently and with relative
ease, thereby overcoming a major limitation of survey-based
techniques. For example, if a questionnaire alone had been used,
we could not control for all variables or claim causal effects
regarding sentiment change [69]. Thus, the data collection
technique and the SEM method provide new opportunities for
measuring people's health behavior in the OHC context [70].
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Abstract

Background: Public health in several countries is characterized by a shortage of professionals and a lack of economic resources.
Monitoring and redesigning processes can foster the success of health care institutions, enabling them to provide a quality service
while simultaneously reducing costs. Process mining, a discipline that extracts knowledge from information system data to analyze
operational processes, affords an opportunity to understand health care processes.

Objective: Health care processes are highly flexible and multidisciplinary, and health care professionals are able to coordinate
in a variety of different ways to treat a diagnosis. The aim of this work was to understand whether the ways in which professionals
coordinate their work affect the clinical outcome of patients.

Methods: This paper proposes a method based on the use of process mining to identify patterns of collaboration between
physician, nurse, and dietitian in the treatment of patients with type 2 diabetes mellitus and to compare these patterns with the
clinical evolution of the patients within the context of primary care. Clustering is used as part of the preprocessing of data to
manage the variability, and then process mining is used to identify patterns that may arise.

Results: The method is applied in three primary health care centers in Santiago, Chile. A total of seven collaboration patterns
were identified, which differed primarily in terms of the number of disciplines present, the participation intensity of each discipline,
and the referrals between disciplines. The pattern in which the three disciplines participated in the most equitable and comprehensive
manner had a lower proportion of highly decompensated patients compared with those patterns in which the three disciplines
participated in an unbalanced manner.

Conclusions: By discovering which collaboration patterns lead to improved outcomes, health care centers can promote the most
successful patterns among their professionals so as to improve the treatment of patients. Process mining techniques are useful
for discovering those collaborations patterns in flexible and unstructured health care processes.

(J Med Internet Res 2018;20(4):e127)   doi:10.2196/jmir.8884
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Introduction

Background
Type 2 diabetes mellitus (T2DM) is a chronic disease that can
cause complications and serious health-related consequences
[1]. This disease affects around 9.1% of the global adult
population and is expected to reach 10% by 2040 [2]. In Latin
America, the prevalence of T2DM is 9.4%, whereas in Chile it
is 11.4% [2-5]. Consequently, T2DM constitutes a significant
public health problem at the global level, affecting medium-
and low-income countries to a greater extent [6]. As a
consequence, considerable resources are allocated to its
treatment, particularly in Chile [7].

When T2DM is not controlled, a series of complications can
arise that impact the quality of life of the patient and which can
increase their risk of mortality, for example, cardiovascular
complications, diabetic retinopathy, peripheral neuropathy, and
kidney failure [8,9]. It is possible to prevent these complications
with good metabolic control [10] through the use of medication
and an appropriate diet [1,11]. In the Chilean primary health
care system, only 36% of the population with T2DM is classified
as well-controlled or stable [4].

Multidisciplinary Collaboration in Type 2 Diabetes
Mellitus Care
Patients diagnosed with T2DM have multiple biomedical,
psychological, and social needs that must be met in a
coordinated manner by professionals from several disciplines.
In this sense, multidisciplinary collaboration, which refers to
joint work conducted by professionals from different disciplines
who interact around a particular patient, has become critical for
enhancing clinical outcomes [4,6,12-14]. Although clinical
protocols establish treatment guidelines, health care processes
for each patient vary and often deviate from standard indications
[15]. The organization and composition of a treatment team can
be an influential factor in patient evolution, as well as in the
coordination between the different disciplines. Evidence
suggests that the most successful interventions in relation to
chronic diseases include certain key functions being carried out
by nonphysicians, and interventions by well-integrated teams
have been linked to greater patient satisfaction [16]. In the
particular case of Chile, there is a significant shortage of
physicians in primary health care [17]. Understanding how to
organize multidisciplinary collaboration can facilitate the design
of more efficient and effective treatment protocols.

Information systems record data related to services provided to
patients. Process mining is a relatively new research discipline
that has been used in health care to extract knowledge from
information systems to analyze process design [18,19]. The
algorithms developed in this discipline create graphical
representations of models from the real execution of processes,
which can be easily understood by individuals from a wide
range of disciplines [20]. These models frequently demonstrate
that reality differs to the perceptions, opinions, and beliefs held
by parties directly involved in health care processes [21].
Process mining also facilitates the analysis of processes from
an organizational perspective, which may help improve the

understanding of how collaboration occurs within treatment
teams [22].

Research Goals
This study seeks to verify whether it is possible to determine
certain patterns of collaboration using data from electronic
clinical records (ECR) and to study if these patterns are related
to the clinical outcomes of patients. Accordingly, we propose
a methodology based on the application of process mining tools
to analyze collaboration between health care professionals
(HCPs) to (1) Identify collaboration patterns in the treatment
of patients with T2DM in primary care, that is, the distinct
interaction networks within the treatment teams and (2) evaluate
the performance of the discovered patterns, confirming whether
they relate to the clinical evolution of patients (represented by
glycated hemoglobin, HbA1c measurements). This approach
uses information that is already being recorded in the relevant
health care institutions and therefore, does not require the
collection of new data.

Related Work

Process Mining Applied to Health Care Processes
The inherent variability of health care processes has been
addressed in a number of different ways. Some traditional
control-flow discovery algorithms help to understand the
different pathways that can be executed on a model and to
distinguish the most common behaviors by managing the
thresholds that indicate the frequency of activity sequences. The
heuristic miner and fuzzy miner algorithms have been used to
identify and study the main flow of the model based on data
from the information systems of a hospital in Seoul, South Korea
[23]. However, this approach generates a single model and, to
discover different behaviors, it is necessary to test distinct
thresholds, which can result in the analysis of unstructured
processes becoming particularly complex. Another approach
for creating simpler models for unstructured processes involves
grouping several low-level activities with the same name at a
higher level [24]. The proposed procedure is useful when the
event log consists of large amounts of different activities and
the traces differ not only in the sequence of activities but also
in terms of the presence or absence thereof.

A different perspective is to create groups of patients according
to certain preselected characteristics and to subsequently
generate models for each group to capture the variability of the
associated health care processes [25]. Once these groups of
patients have been established, it is possible to generate models
to represent the clinical flow followed by patients, including
their progression across departments, specialists, and types of
medical appointments, or over the natural course of an illness.
This method has been applied to patients with T2DM using
variables associated with related complications, including those
concerning HbA1c, blood pressure, and cholesterol [26]. The
results were used to analyze the circulation of the different
groups and the probabilities of passing from one state to another.

Similar to the previous approach, other studies have successfully
generated several simple models to represent highly flexible
processes by applying different clustering techniques before the

J Med Internet Res 2018 | vol. 20 | iss. 4 |e127 | p.471http://www.jmir.org/2018/4/e127/
(page number not for citation purposes)

Conca et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


execution of discovery algorithms. The purpose of this additional
step is to ensure that the logs with highly variable records
become more manageable by grouping cases according to
behavior similarity. Sequential clustering has been used during
log preprocessing to identify regular behaviors, process variants,
and exceptional cases [27]. While sequential clustering groups
traces according to sequences of similar activities [28], trace
clustering provides a set of grouping techniques based on
distance that seeks to differentiate traces according to certain
characteristics such as the frequency of activity occurrence, the
number of events, or the number of events executed by each
resource in a trace [29].

Collaboration in Medical Teams
Several studies have addressed the issue of collaboration in the
treatment of patients with T2DM. One qualitative study from
the patient perspective found that patients with T2DM and
asthma consider that, to obtain the best outcome, it is necessary
to receive treatment from a multidisciplinary team, despite them
stating that they did not require such a team for their own
treatment [30]. Another study found patients were satisfied with
collaborative treatment [31]. No relationship between
collaboration and clinical outcome was found in either of these
studies.

Conversely, quantitative studies have given rise to evaluations
of collaboration by considering the evolution of HbA1c,
hospitalization costs, and readmission rates as clinical outcomes.
One study found that the hospitalization costs and readmission
rates decreased as the health care team became more integrated
in terms of collaboration between physicians [32]. T2DM
patients receiving treatment from multidisciplinary teams
achieved better outcomes than those that did not, demonstrating
improvements in HbA1c, low-density lipoprotein cholesterol,
and an increased use of statins, as well as progress in statin and
antiplatelet therapy [33]. Furthermore, differences have been
identified in outcomes related to HbA1c, blood pressure, and
cholesterol according to a report compiled by treating
professionals [34]. A controlled study into the 2-year treatment
of geriatric patients with T2DM by a multidisciplinary team, in
comparison with a control group that received no collaborative
treatment, found differences in the outcomes during the second
year of collaborative treatment [35].

The organization and composition of the treating team can be
an influential factor in patient evolution, as well as in terms of
the coordination between the different clinical disciplines present
within the team. For example, in one study, referrals to T2DM
educators and dietitians were minimal, even among overweight
and obese patients [12].

Process Mining, Social Network Analysis, and
Collaboration
In the health context, some studies have used social network
analysis to deepen understanding of the organization of
professionals in patient care. It should be noted that although
the methodology presented in this paper differs from the
perspectives outlined in the previous section, the latter should
not be discounted. The techniques can complement one another.

One study used visual graphics to demonstrate the structure of
the referral networks and appointments that link physicians,
defining four physician subgroups with similar referral,
appointment, discussion, and attention coverage patterns [36].
The role of each physician was classified as the emitter,
transmitter, or receiver according to the proportion of
interactions that he or she initiated in relation to those initiated
by others. A similar analysis was undertaken to gauge the
structure of a team of nurses [37]. A further approach was based
on the analysis of egocentric networks [38] by studying the
network formed around a central actor and the actors with whom
he or she interacts [39]. In this instance, the relationships
between the secondary actors were not specified. Networks
were used to analyze referrals and counter referrals among
nurses and other disciplines to understand how they collaborate
with other professionals and their contribution to
multidisciplinary care in a primary health care setting.
Accordingly, one important factor considered in this paper is
referral flow, that is, whether this flow is unidirectional or
bidirectional.

Study Setting and Context
To better understand the context of this study and frame the
implications of our results, next, we briefly describe the primary
health care system in Chile.

The Chilean health care system is composed by both public and
private insurers. The law mandates that each employed person
must pay at least 7% of their income to a health insurer.
Approximately 74.4% of the population is insured by the public
system, and people who earn less than minimum wage, as well
as children, students, and unemployed individuals, have free
health care in the public provider network [40].

Primary health care centers, called Centro de Salud Familiar
(CESFAM), are the first point of contact of users with the public
health care network. These centers use a family medicine model
in which patients are grouped into zones that treat at most 10,000
patients with a multidisciplinary team of health care workers.
CESFAM treat acute morbidities that may be solved or referred
to a more complex center and chronic morbidities that require
periodic assessment, for example, diabetes, hypertension, and
chronic pulmonary disease. The Chilean Ministry of Health
establishes a treatment protocol for each of these conditions,
published as a clinical guideline (eg, [4] for T2DM). The main
problem faced by the CESFAM is a lack of resources, namely,
not having enough HCPs. In Chile, the average number of
physicians per 1000 inhabitants is 1.9, whereas for member
states of the Organization for Economic Co-operation and
Development it is 3.3 [17].

The Chilean Ministry of Health established in 2005 a program
that prioritizes a set of 80 health conditions, guaranteeing timely
and free access to treatment [40]. T2DM is one of such
conditions. This, along with the Ministry guidelines for T2DM
treatment, means that for beneficiaries of the public health care
system, treatment is homogeneous: all patients have access to
the same protocols and medications.

This paper is based on historical information from patients
diagnosed with T2DM, collected in three CESFAM. These three
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centers are located in low income, high social vulnerability
districts of Santiago, Chile. Overall, they have treated an average
of 8000 people per year over the last 5 years, and approximately
30% of patients treated on an annual basis have T2DM. All
three centers use the same flowchart, based on the clinical
guidelines [4], to determine treatment for T2DM patients. The
data collected correspond to the period from 2012 to 2016.

Methods

Data Source
After obtaining institutional review board approval, the dataset
was extracted from the information system used in the three
health care centers. Its database stores information related to
patients, including their appointments, diagnoses, and test
results. For each visit to the health care center, the system
records the date, type of appointment, and the professional in
charge of the episode. Importantly, this work only considers
patients with T2DM and activities associated with periodic
cardiovascular appointments (Cardiovascular Periodic
Appointment, CVPA) that are performed by specialists from
the professional triad team consisting of physician, nurse, and
dietitian. Every time one of these professionals completes a
CVPA, they must specify the discipline and approximate date
of the patient’s next appointment.

The percentage of HbA1c was selected as a metric to represent
patient evolution. The HbA1c test measures the glycemic history
of the patient over the preceding 120 days [41] and is one of
the tests used to monitor diabetic patients. The frequency of the
test depends on the state of compensation of the patient, the
treatment used, and medical judgment. Although the specific
treatment objectives should be individualized for each patient,
the American Diabetes Association recommends that the goal
of therapy should be to reduce HbA1c below 7%. For values
higher than this, the clinical guidelines of the Chilean Ministry
of Health clinical guidelines and the internal guidelines of the
health care centers included in this study establish two categories
of decompensation for patients: moderately decompensated, for
values between 7% and 9% (included) and highly
decompensated, for values higher than 9% [4]. The date on
which a patient undergoes a test and its result are both logged
in the records.

Patient Selection
A total of 3369 patients with T2DM were identified across the
three health care centers. Subsequently, to measure their
respective evolution, we included individuals who had at least
two recorded HbA1c test results. In total, 2843 patients met these
conditions.

To isolate external factors that might influence a patient’s
evolution beyond the clinical team’s collaboration patterns, we
included diabetic patients with no comorbidities or
diabetes-related complications and good adherence to prescribed
appointments and tests. We used the diabetes complication
severity index and the chronic illness with complexity index
count as measures of comorbidities and complications [1,42,43]
and an interval under 4 months between the prescribed

appointment and the actual appointment as a reasonable proxy
for adherence.

Adherence to follow-up appointments is important for the
evolution of patients, as through them professionals can
intervene in the habits and self-care of the patient [44]. Greater
rates of missed appointments are associated with significantly
higher HbA1c measurements [45]. Moreover, if patients do not
show adherence to their treatment, the effectiveness of treatment
is compromised, and they might develop complications [46].
In general, the diabetic population presents a low adherence
both to medications and timely attendance to scheduled
appointments [47]. To isolate the influence of the adherence to
appointments, those patients who do not adhere to the HbA1c

tests were excluded. Nevertheless, a margin of time must be
considered to determine that the patient attended the
appointment on time [48]. The protocol of the health care centers
stipulates that patients with higher states of decompensation
should undergo more regular HbA1c tests. In the context of the
period under analysis, the following was considered acceptable
by the health care centers studied: that patients in a state of
compensation took the HbA1c test up to 1 year after their last
measurement, that patients who were moderately decompensated
did the same after up to 6 months, and that highly
decompensated patients did so after up to 3 months.

Given the context of the health care centers studied, in particular,
their scarce resource availability, their restrictions for taking
appointments (in general, patients cannot schedule appointments
more than 1 month in advance), and the availability of hours
for taking exams, it is normal that there is a delay that goes
beyond the responsibility of the patient. To address these
restrictions that depend on the health care center, a tolerance of
up to 4 months for taking the HbA1c test was considered. This
time frame was discussed with and suggested by the HCPs.

Finally, patients who were tested for HbA1c at intervals greater
than those established for the clinical protocols according to
their degree of compensation, considering a 4-month tolerance,
were not considered in the analysis. This restriction ensures
more complete information and greater consistency in terms of
data evolution because the longer the time elapsed between
tests, the more difficult it becomes to determine the variability
in terms of patient compensation during that period. Of the 579
patients with neither severe conditions nor comorbidities, 319
had acceptable levels of adherence for inclusion in this study.

To normalize the period of study for all included cases, this
paper considered a horizon of one and a half years to analyze
the impact of multidisciplinary collaboration on the treatment
of patients. The first measurement of HbA1c that is available
for a patient marks point zero of the period of study. To
determine the end of the period, a subsequent HbA1c

measurement was sought as close as possible to 18 months after
point zero. A tolerance period of 8 months was considered
before and following the year-and-a-half mark, that is, the final
measurement included had to fall within a range running from
month 10 to month 26 (18±8), factoring in the possibility that
other previous measurements may have been taken during this
period. Of the 319 patients, 231 had a minimum acceptable
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study period of 10 months. As the study analyzed the response
of the patient to the intervention and organization of the triad
of professionals within a defined time frame, detailed
information related to the complete evolution during the lifetime
of the patient was not required. Figure 1 shows the patient
selection process.

Regarding the sample, 133 out of 231 patients were men
(57.6%), and 98 out of 231 were women. Overall, 50%
(115/231) were aged 60 years or above, and 81% (187/231)
were aged 50 years or above (average age 59.7; range: 20-89).
The mean amount of CVPAs was 4.8 per patient (range: 1-15).
Table 1 outlines this information.

Figure 2 outlines the duration of the periods of study considered.
The X-axis shows the number of months included in the
analysis, whereas the Y-axis shows the number of patients
related to the corresponding horizon.

Collaboration Through Network Analysis
Clinical records were used to build a log, with the following
information for each CVPA: the ID of the patient, a time stamp,
and the relevant attending discipline (physician, nurse, or
dietitian). The time stamps were used to identify the sequence
or order in which the disciplines intervened.

Definition 1 (discipline log). Let V represent the set of the three
disciplines: physician (P), nurse (N), and dietitian (D), and H={

h1,..., hn} the set of patients. Let chibe the sequence of disciplines
in V who attend to patient hi. We define L, the discipline log,
as L={ chi}∀ hi∈ H.

With information from the discipline log, a collaborative
network can be created to show the relationship between the
clinical disciplines in the treatment of patients. Specifically, a
collaborative network related to a group of patients is defined
as a directed graph in which the nodes refer to different clinical
disciplines that intervene in the treatment of the disease, whereas
the arcs represent the existing derivations among the disciplines
in the case of each patient. It should be noted that following a
CVPA of a patient, the professional may assign the subsequent
appointment to either a professional from a distinct discipline
or from the same discipline. Therefore, the graphs generated
could include self-loops.

Definition 2 (collaborative network). Let V represent the set of
the three disciplines: physician (P), nurse (N), and dietitian
(D), and H={ h1,…, hn} the set of patients. A collaborative

network will be the graph GW=(V, E), where V={P, D, N} is
the set of distinct disciplines that constitute part of the treatment
of the patients in H and E ⊆{V × V} are the arcs that represent
all the different derivations that occur when considering all the
patients of set H.

Figure 1. Criteria applied during patient selection process. T2DM: type 2 diabetes mellitus; HbA1c: glycated hemoglobin.

Table 1. Description of the studied population.

Average (SD)Variable

59.7 (12.6)Age

4.6 (3.8)Years with type 2 diabetes mellitus

3.7 (0.95)Number of glycated hemoglobin (HbA1c) measurements

4.8 (2.3)Number of cardiovascular periodic appointments

Figure 2. Periods of study used in the analysis.
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Figure 3 shows an example of a collaborative network that
represents the multidisciplinary structure of treatment received
by a group of patients. In this case, the three disciplines make
referrals among themselves, and the dietitian (D) makes
self-referrals for certain CVPAs.

Three metrics were defined for both the nodes and the arcs of
the collaborative network:

Participation index: the proportion of CVPAs performed by a
specific discipline in relation to the total number of CVPAs. It
is calculated for each discipline (node). It ranges from 0%,
which represents no participation of the discipline in the
treatment, to 100%, whereby all appointments were undertaken
by the particular discipline. This value can be interpreted as the
prominence of a clinical discipline with regard to the patient
intervention.

Self-referral index: the proportion of CVPAs that are referrals
to the same discipline in relation to the total number of CVPAs
that a particular discipline refers in total. It is calculated for each
discipline (self-loops). It ranges from 0%, which represents no
self-referrals made by the discipline, to 100%, whereby all
referrals made by the professionals of one discipline are to the
same discipline.

Referral index: the proportion of CVPAs that one discipline
refers to a different discipline in relation to the total number of
CVPA referrals made by that particular discipline. It is
calculated for each pair of disciplines (arcs between different
nodes). It ranges from 0%, which represents no referrals to the
other discipline, to 100%, whereby all referrals made by the
professionals of one discipline are to the other discipline. This
value can be interpreted as the level of support among different
disciplines.

Pattern Identification
The process mining algorithm selected for discovery was
PALIA, implemented by the Institute of Information and
Communication Technologies (ITACA) of the Universitat
Politècnica de València, Valencia, Spain [49], which was applied
using the PALIA Web [20] application. PALIA Web is a process
discovery application created for the analysis of flexible and
unstructured workflows. This tool was chosen because it
receives an event log as input and outputs visualizations that
are easy to understand for people who are not experts in process

mining. In addition, it has filters that can be applied to the data
before performing discovery, including, for example, trace
clustering for the creation of different models based on groups
of patients showing similar behavior.

The first step to identify the distinct forms of treating patients
was to apply the PALIA process mining algorithm to the
discipline log, complemented by trace clustering. This included
the use of the flow disintegration functionality, which groups
similar traces (sequences of disciplines that attend to each
patient), and the application of the PALIA algorithm to create
a visualization of the different groups or trace clusters.

The PALIA algorithm was executed with the following
parameters for the flow disintegrations: similarity of 15% and
outliers of 3%. The similarity percentage indicates that by
conducting trace clustering, individuals from the same group
are unable to differentiate by more than 15% according to the
measurement of dissimilarity used by the algorithm, which is
based on a heuristic topological editing distance [50]. Therefore,
individuals from distinct groups differed by more than 15%.
Conversely, the percentage of outliers indicates the minimum
proportion of individuals that can be grouped under a single
cluster. If the algorithm identifies a smaller group than the one
established under that parameter, those patients are grouped
together with the outliers. In this case, the 3% identified is
equivalent to 7 patients. In addition, a heat map was applied to
the diagrams (arcs and nodes) with a scale of red to green, where
red indicates high frequency and green low frequency.

Clinical Outcome
The test used to monitor and control the state of the patient was
HbA1c. The clinical guidelines of the Chilean Ministry of Health,
used by the health care centers, propose three categories for
HbA1c values: below 7% (called compensated, the clinical goal
for patients), between 7% and 9%, and above 9%, each
corresponding to a different course of action and time frame for
follow-up [4]. As in our data we had several measurements for
each patient, we propose a segmentation of patients considering
their temporal trend [51]. We tried several different
segmentations with the help of HCPs until we achieved a
four-segment categorization that is described below. The HCPs
stated that the most interesting category of patients for them
were patients with high HbA1c who, within the time frame,
managed to reach the clinical goal (below 7%).

Figure 3. Collaborative network model. P: physician; N: nurse; D: dietitian.
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Figure 4. Example of the graphic representation of the clinical evolution of a patient of each segment. HbA1c: glycated hemoglobin.

Patients were separated into four segments according to the
evolution of their HbA1c results, as follows:

1. Compensated: patients with all measurements under 7%,
or at the most one measurement between 7% and 9%,
inclusive, but with an average in terms of all measurements
under 7%, that is, it was accepted that these patients had
exceeded the compensation limit once, but their average
remained at a compensated level.

2. Improved: patients with a negative HbA1c slope, and
whereby their final measurement of the period was less
than 7%, that is, regardless of their initial value; such
patients showed a tendency to reduce their HbA1c and end
the study period in a compensated state.

3. Moderately decompensated: patients who did not reach or
exceed 9% in any of their measurements, but who do not
belong to the compensated or improved segments.

4. Highly decompensated: patients who recorded some
measurements over 9%, and who do not belong to the
improved segment.

For example, Figure 4 shows a graphical representation of one
patient from each defined segment. The HbA1c values of 7%
and 9% are marked with dotted green and red lines, respectively.
It can be seen that even though the compensated patient has one
measurement equal to 7%, the average of his or her
measurements is below 7%. In the case of the improved patient,
despite that his or her HbA1c increased at one point, the overall
trend for HbA1c was to decrease, and the patient completed the
period of study in a compensated state. The moderately
decompensated patient never exceeded 9% but failed to qualify
as either improved or compensated. Finally, the highly
decompensated patient spent the majority of the time with values

in excess of 9% and failed to achieve compensated status by
the end of the period.

Statistical Analysis
The CVPA data of the 231 patients were collected, with a total
of 1116 CVPAs. The analysis to study whether there is a
statistically significant relationship between the identified
patterns and patient evolution was undertaken using a proportion
test. Fisher test was used when the evaluation sample proved
to be too small. For each pattern, the proportion of patients who
evolved in a specific manner was compared with those who
evolved in the same manner in the total population studied. For
all tests, the statistical significance was set to 0.05, and analysis
was undertaken using R.

Results

Collaboration Patterns
PALIA created 12 different models and 7.8% (18 patients out
of 231) of outliers (see Figures 5-7). As is the norm in health
care processes, there is a high variability in the results obtained.
The most frequently occurring behavior is present in 23.4% of
cases (54 out of 231), followed by 11.3% (26 out of 231) with
respect to the second group, decreasing to 3.0% for the final
group (7 out of 231). Of the 12 models, six (models A, B, C,
D, E, and F) have three nodes, four (models G, H, I, and J) have
two nodes, and two (models K and L) have only one node.

By reviewing the models in greater detail, certain similarities
between the identified behaviors can be observed. To identify
the collaboration patterns, differences and similarities regarding
the participation and self-referral indexes were analyzed for the
12 clusters created by the algorithm. This analysis was
conducted separately according to the number of nodes present
(disciplines that participated in the intervention) in each model.
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Figure 5. Models with three nodes created by the PALIA Web application with parameters: similarity=15% and outliers=3%. P: physician; N: nurse;
D: dietitian.

Figure 6. Models with two nodes created by the PALIA Web application with parameters: similarity=15% and outliers=3%. P: physician; N: nurse.
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Figure 7. Models with one node created by the PALIA Web application with parameters: similarity=15% and outliers=3%. P: physician; N: nurse.

There are two groups of patients that are treated by only one
discipline during the entire period of study. One of these is
treated solely by a physician (model K) and another solely by
a nurse (model L). Both behaviors were classified under one
pattern we called self-contained, as, in this instance, only a
single discipline attends to the patient.

Conversely, in the models with two nodes, it is possible to
observe that clusters G and H have one node that takes the lead
in treatment, with a participation percentage that exceeds 65%
in both cases (68% for the physician and 66% for the nurse,
respectively). In addition, the leader makes self-referrals in
approximately half of all their CVPAs (52% and 44%,
respectively) and refers the other half to a distinct discipline.
In turn, the second node plays an important ancillary role in
relation to the first by referring the majority of their CVPAs to
the discipline leader (over 70% of cases) while making very
few self-referrals. These behaviors are classified under the tacit
leader pattern, as one discipline has a greater participation
because the other discipline refers the majority of their cases to
the former. In particular, it can be observed that the physician
is the leader in model G, whereas the role of leader is performed
by the nurse in model H.

In the other two clusters with two nodes (clusters I and J),
evident similarities also enable to group them into a single
pattern. The participation index is the same in each node for
both clusters, and the participation index for both disciplines
are in the range 50%±10% (59% and 41%), that is, the
disciplines participate in an equitable way. By reviewing the
referrals of the CVPAs, it can be seen that the level of
self-referral is lower than in the aforementioned cases. Upon
receiving a CVPA, each discipline prefers to refer the patient
to the other discipline (over 60% of cases in each model). This
pattern was called shared, as the participation of both disciplines
is more equitable, with no clear leader, and whereby referrals

among different disciplines are more prevalent than
self-referrals.

Subsequently, the diagrams with three nodes underwent
comparison. In clusters A and B, even though the dietitian
participates to a lesser extent, the three disciplines have a more
equitable participation according to their participation indexes.
The node with the highest participation has a participation index
of 40%. Therefore, there is no single discipline that acts as
leader. There is interaction across all disciplines regardless of
the direction of the interaction. In general, both clusters work
in an integrated way and make referrals in a more equitable
manner than the rest. Consequently, these clusters are grouped
under a single pattern called participatory.

Clusters C and D are characterized by the physician occupying
the central role in the collaboration, with a participation index
of 51% and 54%, respectively, compared with the nurse and
dietitian who have a lower participation index. However, it can
be seen that there is more integration in cluster C than in cluster
D, in which there is almost no interaction between nurse and
dietitian (in either direction). Rather, the nurse makes
self-referrals in the majority of the CVPAs and refers almost
no cases to the dietitian, compared with cluster C. Therefore,
they are deemed two distinct patterns. Cluster C is called
equitably centered, as the physician is at the center of
collaboration and the other two disciplines participate equitably.
The physician occupies the role of the sole leader, as he or she
self-refers a significant proportion of cases (46%, compared
with 6% for the nurse and 9% for the dietitian). The cluster D
is identified as a hierarchically centered pattern, as the nurse
occupies the role of secondary leader after the physician by
self-referring a significant portion of CVPAs. Furthermore,
there is almost no interaction between nurse and dietitian.
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Finally, clusters E and F are related in that the physician in both
possesses almost complete control over all treatment. The
physician presents a participation index that exceeds all other
cases (76% in both clusters), which can be explained by the
high self-referral index the discipline has (over 65%). In both
clusters, the main interaction is between physician and dietitian,
whereas the nurse’s participation index is below 5% in both
clusters. Clusters E and F have been grouped under a
self-referred leader pattern. The seven identified patterns are
summarized in Table 2.

Clinical Outcome
By applying the aforementioned segmentation by clinical
outcome to the 231 studied patients, four segments of patients
were obtained. These segments are outlined in Table 3.

Figure 8 shows the evolution of the segments, displaying the
values of the HbA1c test for each patient over time. Each patient
is represented by a line that corresponds to the value of his or
her respective tests. The X-axis shows the time elapsed since
the first measurement of each patient according to the period
of study (which is not the same calendar date for all patients).

Relationship Between Collaboration and Clinical
Outcomes
The final step of the proposed methodology is to conduct a
statistical analysis to evaluate whether there is a statistically
significant relationship between the different patterns identified
and the evolution of patients. A proportion test was performed,
and Fisher test was used when the evaluation sample proved to
be too small. For each pattern, the proportion of patients who
evolved in a specific manner was compared with those who
evolved in the same manner in the total population studied. For
all tests, the statistical significance was set to 0.05, and analysis
was undertaken using R.

In performing the proportion test, patients grouped under each
collaboration pattern were considered as different
subpopulations. For each subpopulation, the proportion of
patients who evolved in a specific way in accordance with the
four aforementioned compensation segments was calculated.
As the number of patients is different in each subpopulation,

the previous proportions were compared with the proportions
of the total population. Table 4 outlines the overall frequencies
and percentages obtained for each subpopulation and the total
population, respectively.

The proportion test showed statistically significant differences
for certain patterns vs the total population studied. The greatest
difference was observed on patients treated under the
self-contained pattern, in which 24% more remained
compensated compared with the total population (73% vs 49%,
P<.01). The second difference occurs in the participatory pattern,
in which a lower proportion of highly decompensated patients
is recorded compared with the total population (3% vs 16%,
P=.03). Finally, treatment under the self-referred leader pattern
shows the worst result, with 19% more patients highly
decompensated than the total population (35% vs 16%, P=.05).

Evaluation of Professionals
The results obtained were initially presented to a primary care
physician. The physician noted that the self-contained and
participatory patterns coincided with her experience. The
relationship of compensated patients with the self-contained
pattern may be understood as the following: if a patient remains
in a stable condition, it is more common for fewer disciplines
to provide the medical attention. Conversely, the participatory
pattern provides evidence that suggests the importance of having
a multidisciplinary team that oversees patient care and also
supports the significant role played by the dietitian in the
treatment process, as they are the main promoters of change in
terms of patient lifestyles.

After this preliminary evaluation, we evaluated the results with
three different groups of primary care physicians (one for each
of the health care centers involved in the study). During each
session, one of the researchers presented the results and
answered questions. Then, the physicians filled out an informed
consent form and answered a questionnaire aimed at
understanding whether our results matched their experience and
gathering their perceptions, observations, and concerns about
the results. Finally, we conducted a brief discussion in which
participants were free to voice their opinion, and one researcher
took notes.

Table 2. Identified collaboration patterns.

DescriptionPattern

Only one discipline (either nurse or physician) intervenes in patient treatment.Self-contained

Two disciplines, nurse and physician, one of whom is the leader of the treatment.Tacit leader

Two disciplines, without a leader. Each discipline refers the majority of their cardiovascular periodic appointments to
another discipline.

Shared

Three disciplines participate equitably. There is no leader.Participatory

Three disciplines, in which the physician is the leader. The nurse and the dietitian respond primarily to the physician,
but they also interact among themselves (to a lesser extent).

Equitably centered

Three disciplines, in which the physician is the leader. The nurse and the dietitian respond primarily to the physician,
and they do not interact among themselves.

Hierarchically centered

Three disciplines, in which the physician has almost complete control over treatment, receiving only minimal support
from the other disciplines, primarily the dietitian.

Self-referred leader
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Table 3. Patient segments according to their glycated hemoglobin (HbA1c) evolution.

Patients, n (%)Segments

114 (49.4)Compensated

37 (16.0)Improved

45 (18.6)Moderately decompensated

37 (16.0)Highly decompensated

231 (100)Total

Figure 8. Clinical evolution of the patients in the different segments. HbA1c: glycated hemoglobin.

Table 4. Number of patients according to collaboration pattern and clinical evolution segment.

Total

n (%)

Highly decompensated

n (%)

Moderately decompensated

n (%)

Improved

n (%)

Compensated

n (%)

Segment

41 (100)4 (10)4 (10)3 (7)30 (73)Self-contained

61 (100)11 (18)15 (25)12 (20)23 (38)Tacit leader

24 (100)4 (17)4 (17)2 (8)14 (58)Shared

35 (100)1 (3)7 (20)10 (29)17 (49)Participatory

21 (100)6 (29)5 (24)3 (14)7 (33)Equitably centered

14 (100)5 (36)3 (21)1 (7)5 (36)Hierarchically centered

17 (100)6 (35)4 (24)2 (12)5 (29)Self-referred leader

18 (100)0 (0)1 (6)4 (22)13 (72)Outliers

231(100)37(16.0)43 (18.6)37 (16.0)114 (49.4)Total
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Table 5. Evaluation results (N=23).

Observed by, n (%)Pattern and segment

Pattern

5 (22)Self-contained

6 (26)Tacit leader

11 (48)Shared

20 (87)Participatory

14 (61)Equitably centered

10 (43)Hierarchically centered

8 (35)Self-referred leader

Segment

20 (87)Compensated

21 (91)Moderately decompensated

18 (78)Highly decompensated

21 (91)Improved

Table 6. Statement results (N=23). T2DM: type 2 diabetes mellitus.

AgreementStatement

4.4The patterns describe the main ways of collaboration in T2DMa treatment in this Center

4.2The patterns allow a correct classification of the ways of collaboration in T2DM treatment in this Center

4.3Knowing these patterns may allow a better treatment of T2DM in this Center

4.2The segments describe the main behaviors of T2DM patients in this Center

4.3The segments allow a correct classification of the groups of patients treated for T2DM in this Center

4.4It would be useful to treat differently patients classified in each segment

In total, 23 physicians participated in the evaluation. First, the
participants stated whether they had observed each pattern and
each segment. They were also able to name patterns and
segments that had not been identified by the research. Then,
participants answered a series of statements in a 5-point Likert
Scale and several open questions (eg, “How useful are the
relationships between patterns and segments?”). Some answers
are provided below, translated from Spanish. A summary of the
results is presented in Tables 5 and 6.

The participants stated that, in their experience, treatment of
T2DM patients was participatory or equitably centered. One
participant wrote, I was surprised by the existence of a
self-contained pattern. They did not identify additional patterns,
but did state the existence of other interventions in their centers,
for example, educational workshops (to teach patients about
how to handle T2DM), as well as other factors that may explain
that a patient is always treated by a physician (One patient wrote
as follows: The disobedient pattern. Patients that go back to a
physician although they were explicitly told to go to another
professional [or that reject referrals]).

Regarding the patient segments, these were more commonly
identified by the participants—all of the segments had been
observed by at least 18 out of 23 (78%) of participating
physicians. When asked whether other segments were missing
from our proposal (according to their experience), 4 mentioned

the worsened segment, and 4 mentioned a fluctuating segment
(which are both covered by the highly decompensated segment).

Overall, the evaluation by HCPs was positive. The physicians
mentioned that the results could help them improve their
protocols, patient treatment, and the management of human
resources. Some mentioned that as there was no causal link
established, they could not be certain that these changes would
bring improvement.

Discussion

Principal Findings
The application of process mining techniques to the ECRs of
the health care centers enables the analysis of the collaboration
among HCPs. The advantage of the chosen algorithm is that it
creates models that are easy to understand for HCPs. With these
visualizations, the professionals in question may be able to view
the work undertaken in the health care centers and comprehend
how their protocols are actually taking place.

Leveraging the availability of data to control and improve
processes can facilitate finding deviations from established
protocols. One concrete example of this is the noncompliance
with the norm that establishes appointments across three
disciplines over the course of a year. It can be seen that 36.8%
(85 out of 231) of patients had appointments with two disciplines
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during the period of study, whereas 17.7% (41 out of 231) with
only one. Understanding how professionals collaborate may be
useful in allocating resources according to existing requirements.
It should be noted that to monitor processes, it is necessary to
establish metrics that are aligned to that which professionals
are seeking to control and improve.

In particular, the use of clustering techniques by graph topology
facilitated overall management of the variability inherent to
health care processes to further understand the process. PALIA
helped enable the observation of the variability with which
patient care was undertaken and, within this variability, those
characteristics that differentiate certain behaviors from others.

Comparison With Prior Work
By contrasting clinical evolution with the identified patterns, a
number of differences can be observed. Certain comparisons
showed statistically significant differences, which may signal
a relationship between the collaboration pattern and overall
patient evolution. Specifically, the self-contained pattern has a
higher proportion of compensated patients compared with the
total population. It may be possible to explain this because
compensated patients are treated by a sole specialist, and this
type of medical appointment is generally sufficient for them to
remain stable, given the state of their condition. Other papers
have published results that correlate collaboration with clinical
outcomes, as randomized collaboration studies vs a control
group [33,35,52], or via classifications of collaboration [34].
However, these studies have been unable to provide objective
evidence of the collaboration patterns by means of quantitative
analysis and their correlation with patient evolution.

Treatment under the participatory pattern is positively associated
with patients who experience improvements in their evolution,
and it is also associated with a lower proportion of patients who
remain highly decompensated. If the level of significance is
relaxed to 0.1, both characteristics are statistically significant.
This outcome contrasts with the findings of Uddin [32], whereby
he considers only integration between physicians in his analysis,
in contrast to this paper, which incorporates evaluation by
discipline.

The hierarchically centered and self-referred leader patterns are
associated with more significant proportions of patients who
are highly decompensated. This differs from the findings of
Bosch [34], who has found no statistically significant differences
between the types of hierarchical collaboration. The typology
introduced by Bosch is based on qualitative analysis and is
self-reported, which could produce a bias that explains the
discrepancy. Teams working under these patterns may view
themselves as providing treatments that are failing to reduce
the number of decompensated patients to the desired extent. In
the case of the self-referred leader, this discrepancy is
statistically significant. Conversely, the shared and equitably
centered patterns show no statistically significant differences
compared with the total population. Therefore, the conclusion
is that these particular types of treatment approaches cannot
explain the evolution of patients with T2DM. Finally, the tacit
leader pattern shows a lower proportion of compensated patients
when compared with the total population studied (P=.06). It

can be inferred that this type of treatment focuses on patients
who show some type of decompensation.

In light of the foregoing, it can be observed that the main
difference between the patterns with positive and negative
performance is a distribution of participation between the
distinct disciplines, which in the best-case scenario relates to
more equitable participation. It also relates to the more
integrated interactions between different disciplines. More
participatory forms of work function better than those in which
there is just one leader with significant control over treatment.
The correlation between treatments that are primarily controlled
by the physician (self-referred leader) and an increase in HbA1c,
compared with self-contained treatment and its respective
correlation with compensated patients, is particularly interesting.
It could be reasoned that one specialist is sufficient to monitor
the state of patients who are well controlled, whereas a
multidisciplinary intervention may be more beneficial for
patients whose conditions are more serious.

This paper presents preliminary empirical results in relation to
the organization of health care teams and the response of their
patients to T2DM treatment. In contrast to the findings of Bosch
[34], whereby the way in which teams organized themselves
was self-reported, in this paper the approach used involved
obtaining data from ECRs to ensure the type of collaboration
was more objectively verifiable. However, despite their use of
a completely different methodology, certain similarities arose
with the Bosch typification, which divided groups into group
culture, developmental culture, hierarchical culture, rational
culture, cultural balance, and team climate. The relationships
identified between the patterns and the evolution of patients
does not necessarily constitute a causal link. A relationship in
the opposite direction may, in fact, be possible. Indeed, certain
external factors and individual characteristics of the patients
could affect comparisons. For example, lifestyles, compliance
with clinical indications, amount of exercise, or nutritional
habits are all factors that may impact the evolution of patients
with T2DM.

Limitations
The main limitation of the proposed methodology is that the
analysis procedure and information used will be determined by
the availability and quality of the data collected by information
systems. The reception of incomplete and inconsistent data was
one of the main problems faced. Although the professional
expert in the field is the individual who is able to guide analysis
objectives, the availability of data is the factor that determines
the steps that must be taken to address these objectives. Some
relevant data that may affect patient outcomes were not
available, for example, some health care centers undertake
education efforts in the form of workshops. Furthermore, there
was no available information about medication adherence.
Therefore, there may be certain steps described in this paper
that require adaptation if they are to be extended to other cases
with additional (or fewer) data. One available variable that was
not used in the analysis was age (eg, the clinical goal for HbA1c

at the centers for patients over 80 is 8% instead of 7%).
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A further limitation is that multidisciplinarity was only measured
at the level of the cardiovascular team and did not include other
types of professionals. Moreover, data were only analyzed at
the discipline level regardless of the particular professional that
provided care.

This study is based on data from 2012 onwards, so some results
may not be representative to the present day. The clinical
appointments included in this study relate to scheduled visits
explicitly registered as CVPAs in the information systems. A
comparison of collaboration between the different health care
centers could also have been beneficial, although the proportion
of patients in the related sample would have been extremely
small to generate statistically significant results. In the future,
it would be useful to execute this analysis using a larger sample.
Finally, future studies are recommended to include the severity
of the patient condition and their comorbidities as variables to
measure patient evolution via changes in these indexes over
time, rather than using them as filters.

Conclusions
The use of process mining represents an opportunity for health
care centers to understand how their processes are being
executed and which forms of collaboration lead to improved
outcomes. The definition of simple clinical-based segmentations
is critical for facilitating the interpretation of results. The process
mining tool used in this research, PALIA Web, allows to analyze
how different HCPs collaborate in flexible and unstructured
processes such as the treatment of T2DM patients. By combining
trace clustering (to manage the diversity of patients present in
the log) and collaboration pattern discovery techniques, it is
able to identify several collaboration patterns among HCPs in
the treatment of patients. It also allows to easily visualize the
obtained collaboration patterns so that HCPs can interpret the
differences between them. The methodology used in this study
made it possible to analyze the relationship between these
collaboration patterns and the clinical evolution of patients, so
as to identify the most successful patterns. Finally, health care
centers can then promote the most successful patterns among
their professionals so as to improve the treatment of T2DM
patients.
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Abstract

Background: Older patients with multiple chronic conditions are often faced with increased health care needs and subsequent
higher medical costs, posing significant financial burden to patients, their caregivers, and the health care system. The increasing
adoption of electronic health record systems and the proliferation of clinical data offer new opportunities for prevalence studies
and for population health assessment. The last few years have witnessed an increasing number of clinical research networks
focused on building large collections of clinical data from electronic health records and claims to make it easier and less costly
to conduct clinical research.

Objective: The aim of this study was to compare the prevalence of common chronic conditions and multiple chronic conditions
in older adults between Florida and the United States using data from the OneFlorida Clinical Research Consortium and the
Healthcare Cost and Utilization Project (HCUP) National Inpatient Sample (NIS).

Methods: We first analyzed the basic demographic characteristics of the older adults in 3 datasets—the 2013 OneFlorida data,
the 2013 HCUP NIS data, and the combined 2012 to 2016 OneFlorida data. Then we analyzed the prevalence of each of the 25
chronic conditions in each of the 3 datasets. We stratified the analysis of older adults with hypertension, the most prevalent
condition. Additionally, we examined trends (ie, overall trends and then by age, race, and gender) in the prevalence of discharge
records representing multiple chronic conditions over time for the OneFlorida (2012-2016) and HCUP NIS cohorts (2003-2013).

Results: The rankings of the top 10 prevalent conditions are the same across the OneFlorida and HCUP NIS datasets. The most
prevalent multiple chronic conditions of 2 conditions among the 3 datasets were—hyperlipidemia and hypertension; hypertension
and ischemic heart disease; diabetes and hypertension; chronic kidney disease and hypertension; anemia and hypertension; and
hyperlipidemia and ischemic heart disease. We observed increasing trends in multiple chronic conditions in both data sources.

Conclusions: The results showed that chronic conditions and multiple chronic conditions are prevalent in older adults across
Florida and the United States. Even though slight differences were observed, the similar estimates of prevalence of chronic
conditions and multiple chronic conditions across OneFlorida and HCUP NIS suggested that clinical research data networks such
as OneFlorida, built from heterogeneous data sources, can provide rich data resources for conducting large-scale secondary data
analyses.
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Introduction

Background
Chronic conditions (CCs) affect nearly half of the adult
population in the United States. The prevalence of some CCs
such as hypertension, asthma, cancer, and diabetes has increased
over the last a few years [1-3]. Older patients with multiple
chronic conditions (MCCs) are often faced with increased health
care needs and subsequent higher medical costs, posing
significant financial burden to patients, their caregivers, and the
health care system.

Understanding the trends in the prevalence of MCC informs
policy makers, health care providers, and payers about chronic
disease management and prevention and helps to predict future
health care needs [4]. The literature on MCC research mostly
uses national claims data or national surveys to estimate the
prevalence of MCCs [4-7]. Freid et al [4] presented the estimates
of the population aged 45 and older with 2 or more self-reported
CCs using the National Health Interview Survey (NHIS) data.
They reported that the percentage of adults with MCCs increased
in both 45 to 64 years and 65 and older age groups between
1999 and 2010. Ward and Schiller [5] analyzed the prevalence
of MCCs among US adults also using the 2010 NHIS data and
reported an increasing prevalence of MCCs from 2001 to 2010.
Ashman and Beresovsky did an MCC analysis among US adults
who visited physician offices, using the National Ambulatory
Medical Care Survey data [6]. They found that hypertension
was the most prevalent CC that appeared in the top 5 MCC
dyads and triads. He et al [7] used the National Health and
Nutrition Examination Survey data and a public clinical trial
registry—ClinicalTrials.gov—to analyze the gap between the
prevalence of MCCs and the clinical trials on the prevalent
MCCs. They found that the current and past clinical trials rarely
investigate the prevalent MCCs.

Recent years have witnessed a wide adoption of electronic health
record (EHR) systems driven by the Health Information
Technology for Economic and Clinical Health (HITECH) Act
of 2009 [8]. By 2015, over 90% of nonfederal acute care
hospitals adopted a certified EHR [9]. By the end of 2017, about
90% of the office-based physicians have been using EHRs in
the Unites States [10]. With public health reporting as part of
the meaningful use criteria for hospitals to receive the incentive
payments of the HITECH Act, EHRs have been recognized as
an important data source for public health surveillance [11]
(especially in chronic disease surveillance [12-14]), cohort
identification for clinical studies [15], and disease-risk prediction
[16]. The advantage of using EHRs over survey data is
multifaceted. First, EHRs have fine-grained clinical data that
are rarely collected and reported in the survey or claims data.
Second, EHRs contain longitudinal patient data, whereas survey
data mostly provide merely a snapshot of the health conditions
for a person. However, as EHR data only contain patients who
paid a visit to the health care facilities, they may not be as

representative of the national population as the survey data.
Therefore, it is necessary to investigate the extent to which EHR
data can represent the broader population to inform researchers
who are using EHRs for public health and chronic disease
surveillance. Recently, Perlman et al created an EHR-based
public health surveillance system in New York City [14]. They
compared the CC estimates generated in this system with those
from a population-based survey in New York and found that
diabetes, hypertension, smoking, and obesity prevalence was
close to the survey results, but depression and influenza
vaccination estimates were substantially lower than the
survey-based estimates [14].

The last few years have witnessed an increasing number of
clinical research networks focused on building large collections
of clinical datasets from EHRs and claims to offer a
collaborative environment for researchers across disparate
organizations. It is anticipated that the analysis of such data will
lead to advances in medical knowledge, progress in health care
delivery, and improvements in population health [17-21]. One
notable example is the National Patient-Centered Clinical
Research Network (PCORnet) [17,22], funded by the
Patient-Centered Outcomes Research Institute (PCORI).
PCORnet comprises a coordinating center and 33 partner
networks, including 13 Clinical Data Research Networks
(CDRNs) and 20 Patient-Powered Research Networks. PCORnet
is “designed to make it faster, easier, and less costly to conduct
clinical research than is now possible by harnessing the power
of large amounts of health data and patient partnerships” [22].
It is a national “network of networks” that routinely collects
data from a variety of health care organizations, including
hospitals, community clinics, health plans, and national data
registries (eg, cancer registries and vital statistics).

PCORnet empowers individuals and organizations to use this
big dataset to answer practical questions that help patients,
clinicians, and other stakeholders make informed health care
decisions. For example, PCORnet provides an invaluable cohort
discovery service that proves particularly useful for identifying
cohorts of a variety of health conditions, especially for rare
diseases. With such a large collection of electronic patient data,
PCORnet can effectively support large-scale randomized clinical
trials, comparative effectiveness research studies, and
longitudinal observational studies. EHRs such as those
warehoused in CDRNs have been widely used for comparative
effectiveness analysis [23-26], cohort identification [27-29],
and public health surveillance studies [25,30,31]. However, it
is not yet known the extent to which the population in these
CDRNs such as OneFloridais is representative of the national
population. This is an important metric that needs to be
examined to understand the comprehensiveness of the
OneFlorida population now and to improve the interpretability
and generalizability of the OneFlorida data and the
reproducibility of the aforementioned studies.
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Florida has the largest elderly population in the United States.
OneFlorida is one of the 13 CDRNs contributing to the national
PCORnet [32]. The OneFlorida Data Trust is a secure
centralized data repository that integrates various data sources
from contributing organizations in the OneFlorida research
consortium, including 22 hospitals and 914 community-based
clinical practices that provide care to 48% of Floridians. As of
June 2017, the Data Trust contains 10.9 million patient records
including data from partners’ EHR systems, as well as claims
data from Florida Medicaid. Ultimately, the Data Trust will
include claims data for Florida Medicare beneficiaries, Florida
Vital Statistics records, and Florida Cancer Data System records.
The OneFlorida Data Trust employs the PCORNet Common
Data Model (CDM) version 3.1 [33], which uses standard
vocabularies to encode diagnoses (ie, International Classification
of Diseases, ICD), procedures (ie, ICD procedure codes, Current
Procedural Terminology, and Healthcare Common Procedure
Coding System codes), laboratory observations (ie, Logical
Observation Identifiers Names and Codes), and medications
(ie, RxNorm and National Drug Code). The OneFlorida and
PCORnet data only contains Health Insurance Portability and
Accountability Act limited data, for which we obtained
permission to use. Throughout this paper, OneFlorida refers to
the inpatient data extracts used to conduct this analysis unless
otherwise noted.

Objective
The purpose of this study is to estimate and compare the
prevalence of common CCs and MCCs among older adults in
Florida and United States from the OneFlorida Data Trust and
a national data source—the National Inpatient Sample (NIS)
from the Healthcare Cost and Utilization Project (HCUP) of
Agency for Healthcare Research and Quality [34]. The NIS is
a comprehensive source of inpatient hospital data in the United
States. As NIS contains only the inpatient data, we also used
the inpatient EHR records in the OneFlorida Data Trust to
estimate Florida population. For this paper we define MCC as
2 or more CCs according to the Center for Medicare and
Medicaid Services (CMS) algorithm [35].

We formulated 2 research questions (RQs) in this study:

RQ1: What is the prevalence of common CCs in
hospital discharge records for older adults in the
OneFlorida Data Trust inpatient data and how does
it compare with unweighted national estimates from
the HCUP NIS?

RQ2: Are the 10 most common CCs and the
prevalence of MCC in hospital discharge records for
older adults in the OneFlorida Data Trust consistent
with the unweighted HCUP NIS national population?

Methods

Data Collection and Preparation
OneFlorida inpatient discharge records for 2012 to 2016 for 22
CCs were identified using the CMS Chronic Condition
Warehouse (CCW) algorithm [35]. We included records with
an admission source of home, another facility, or the emergency
department. The 2013 discharge records were used for the

cross-sectional analysis and the 2012 to 2016 records were used
for a longitudinal comparison.

NIS is the largest publicly available all-payer inpatient health
care database in the United States. Unweighted, it contains 7
million hospital discharge records each year and the weighted
sample represents 25 million discharges. Beginning within the
2012 data year, the NIS approximates a 20% stratified sample
of all discharges from US community hospitals, excluding
rehabilitation and long-term acute-care hospitals. The 2013 NIS
file was used for our cross-sectional analysis, and the 2003 to
2013 data were used for the longitudinal analysis. NIS includes
information on all patients, including individuals covered by
Medicare, Medicaid, or private insurance, uninsured.
Researchers and policy makers use NIS to make national
estimates of inpatient health care utilization [36], access to care
[37], inpatient charges [36,38,39], quality of hospital care [37],
and outcomes [39,40].

Figure 1 illustrates the process of data preparation and analysis.
As the first step, we identified patients with CC using the CMS
CCW algorithm [35]. The CMS CCW algorithm identifies cases
for 27 condition categories using the criteria, such as (1) a
validated list of ICD-9-CM and ICD-10 diagnosis codes, (2)
the number of discharge record occurrences with diagnosis
codes meeting the case definition within a year, (3) the number
of consecutive years with confirming diagnoses in order to
identify an individual case within a specific CC category in a
given year to identify 27 conditions, and (4) the source type of
service. We excluded 2 algorithm conditions that do not use
inpatient records for case identification for cataracts or
glaucoma, because those conditions are typically not associated
with inpatient care. We modified the algorithm criteria for 7
other conditions, which were (1) rheumatoid arthritis and
osteoarthritis, (2) chronic kidney disease, (3) heart failure, (4)
diabetes, (5) Alzheimer disease, (6) Alzheimer disease and
related conditions, and (7) ischemic heart disease. These 7
conditions require 2 or 3 consecutive years with the diagnosis
to meet the case criteria or in the case of rheumatoid arthritis
or osteoarthritis, 2 diagnoses within a year. Due to privacy
concerns, the NIS does not assign unique patient identifiers that
can be tracked across facilities or time. Therefore, we modified
the criteria for those 7 conditions and identified cases based on
a single inpatient discharge record. We limited the analysis to
persons aged 65 years or older for the 25 remaining conditions
defined by the CMS algorithm [35].

We identified older adults as those who were above 65 years at
the time of inpatient discharge in both data sources. We stratified
our analysis by age group, namely, 65 to 74, 75 to 84, and 85
and above. Besides age, we also extracted the gender and race
or ethnicity variables of the patients. For OneFlorida analysis,
we generated 2 datasets, one for a cross-sectional analysis (2013)
and the other for a longitudinal analysis with data from all the
years currently available in the OneFlorida Data Trust
(2012-2016). For HCUP NIS, we used the 2013 data for the
cross-sectional analysis and 2003 to 2013 data for the
longitudinal analysis. The decision of using different year range
for OneFlorida Data Trust and HCUP NIS was made based on
the availability of the data and the richness of the analysis.
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Figure 1. Workflow of data preparation and analysis. CRC: Clinical Research Consortium. CMS: Center for Medicare and Medicaid Services. NIS:
National Inpatient Sample. MCC: multiple chronic conditions.

Nevertheless, both OneFlorida Data Trust and HCUP NIS have
the 2012 to 2013 data.

OneFlorida Data Trust uses the PCORNet CDM version 3.1,
which is a relational schema. The data are stored in a Microsoft
SQL server hosted by the University of Florida Health Science
Center. We included patients who had either direct inpatient
admissions or emergency-to-inpatient admissions. The HCUP
NIS data were released in the SAS format. We preprocessed
the HCUP SAS datasets and loaded them into a Microsoft SQL
server.

Data Analysis
The analysis included descriptive statistics for the 25 individual
conditions and MCC in 3 analytic files, that is (1) the OneFlorida
data for the year 2013 only (OneFlorida 2013), (2) the NIS data
for the year 2013 only (NIS 2013), and (3) the OneFlorida data
for 2012 to 2016 (OneFlorida 2012-2016). Chi-square tests were
used to examine group differences in the proportions of interest
across the 3 data files.

We first analyzed the basic demographic characteristics of the
older adults in the two 2013 datasets and the OneFlorida 2012
to 2016 data. Then we analyzed the prevalence of each of the
25 CCs for each of the 3 datasets. We did a deep dive, stratified
the analysis, of the older adults with hypertension, the most
prevalent condition. The prevalence of hypertension in the 24

age-gender-race-ethnicity strata was compared across the 3
datasets. We also examined the number of conditions per
hospital record in each dataset for 2013 and further stratified
the prevalence of patients with MCCs in 2013 by gender and
race or ethnicity.

Additionally, we examined trends (ie, overall trends and then
by age, race, and gender) in the prevalence of discharge records
representing MCCs across time for the OneFlorida and NIS
cohorts. Pearson correlation coefficient was computed to
compare the MCC trends stratified by age group, sex, and race
or ethnicity.

Results

Basic Characteristics
Table 1 shows the basic characteristics of the older adult
populations in the OneFlorida 2013 data, OneFlorida 2012 to
2016 data, and the HCUP NIS 2013 datasets. The average age
of older adults in the OneFlorida 2013 and 2012 to 2016 data
was similar (2-tailed t test, degrees of freedom=63435.3226,
P>.05). The older adults in OneFlorida 2013 were slightly
younger than those in NIS 2013. There were more elderly female
patients than elderly male patients across all 3 datasets.
OneFlorida 2012 to 2016 had a statistically significantly higher
percentage of Hispanics, non-Hispanic (NH) blacks, and a lower
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percentage of non-Hispanic whites and Asian or Pacific
Islanders than the NIS 2013 (chi-square statistics
72587091891.83, P<.001).

Prevalence of Chronic Conditions
The rankings of the top 10 prevalent conditions were the same
across the 3 datasets. These conditions were hypertension,
hyperlipidemia, ischemic heart disease, diabetes, anemia,
chronic kidney disease, atrial fibrillation, heart failure, chronic
obstructive pulmonary disease, and RA. However, there were
differences in the prevalence of each disease between the NIS
and OneFlorida data. Comparing the NIS and OneFlorida data,
one can observe that a higher percentage of older adults in
OneFlorida had hypertension (80.97% vs 76.32%),
hyperlipidemia (52.42% vs 45.94%), and diabetes (35.32% vs
33.93%) than in NIS; whereas a higher percentage of older
adults in NIS had chronic kidney disease (33.22% vs 31.24%)
and heart failure (25.36% vs 19.77%). The prevalence of arthritis
was 43% in male and 54% in female respondents in a recent
national survey of older adults (65 and older) with self-reported
chronic medical conditions in 2013 to 2014 [3]. The numbers
were nearly twice the prevalence of such a condition in the
inpatient clinical data reported in Table 2. This likely reflects
the fact that people with arthritis were mostly treated in
outpatient settings and thus diagnosis of arthritis is irrelevant
to most inpatient discharges.

Prevalence of Hypertension by Gender, Age Group,
and Race or Ethnicity
Table 3 shows the prevalence of hypertension in older adults
stratified by sex, age group, race and ethnicity in the NIS 2013,
the OneFlorida 2013, and the pooled OneFlorida 2012 to 2016
data. Hypertension was chosen because it was the condition
with the highest prevalence among the older persons we studied.
The largest differences in the estimates between the 2013 files
(OneFlorida and NIS) was about 3% for NH white females aged
85 years and older, and NH white males aged 65 to 74 years.

We observed differences of more than 1% for females in the
following 4 strata—NH black aged 65 to 74 years, NH white
aged 65 to 74 years, NH white aged 75 to 84 years, and NH
white aged 85 years and older. Among males, differences of
greater than 1% were observed for the strata except for NH
white aged 75 to 84 years. Estimates between OneFlorida 2013
and the pooled OneFlorida 2012 to 2016 data were largely
similar with some increases in OneFlorida 2012 to 2016 data
for hypertension prevalence, perhaps reflecting the increasing
trends associated with obesity and sedentary life styles.

Prevalence of Multiple Chronic Conditions
Figure 2 illustrates the percentage of the population with one
or more CCs, which is, MCCs in older adults in the HCUP NIS
and OneFlorida for 2013. The 3 datasets exhibited similar
characteristics. Out of the 25 CCs, more than 18% older adults
had 4 conditions. More than 65% older adults had 4 or more
conditions. Persons with MMCs were very prevalent among
older Americans.

Prevalence of Multiple Chronic Conditions by Gender
Figure 3 illustrates the prevalence of MCC stratified by sex.
With respect to the number of MCCs, male and female older
adults did not exhibit notable difference in both the OneFlorida
and NIS data. No statistical tests were performed to test the
statistical difference among the groups. This contrasted with
the population aged 18 to 64 years in which women had a higher
prevalence of MCCs.

Prevalence of Multiple Chronic Conditions by Race
or Ethnicity
Figure 4 illustrates the prevalence of MCCs by race or ethnicity.
It appears that the distribution of records with one or more CCs
were similar among race or ethnicity groups. Note that even
though Hispanic was overrepresented and Asian was
underrepresented in OneFlorida, their MCC distribution within
each race or ethnicity was similar to the NIS.

Table 1. Descriptive statistics for the National Inpatient Sample and OneFlorida patient datasets of older adults. HCUP NIS: Healthcare Cost and
Utilization Project National Inpatient Sample.

HCUP NIS 2013 (N=2,447,640)OneFlorida 2012-2016 (N=147,900)OneFlorida 2013 (N=40,087)Characteristics

78.0 (7.80)76.4 (8.03)76.4 (8.04)Age in years, mean (SD)

Gender, n (%)

1,084,593 (44.31)71,642 (48.44)19,094 (47.63)Male

1,362,844 (55.68)76,255 (51.56)20,993 (52.37)Female

203 (0.01)3 (0.0)0 (0)Unspecified

Ethnicity, n (%)

1,817,861 (74.27)101,871 (68.88)27,881 (69.55)Non-Hispanic white

231,968 (9.48)19,487 (13.18)5835 (14.56)Non-Hispanic black

50,768 (2.07)1819 (1.23)550 (1.37)Asian and Pacific Islander

156,780 (6.41)11,718 (7.92)3102 (7.74)Hispanic

190,263 (7.77)13,005 (8.79)2719 (6.78)Other

4.5 (2.0)4.9 (2.6)4.7 (2.3)Average number of multiple chronic condi-
tions, (SD)
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Table 2. Prevalence of the 25 chronic conditions in the 2013 National Inpatient Sample, the 2013 OneFlorida, and the pooled 2012 to 2016 OneFlorida
data. HCUP NIS: Healthcare Cost and Utilization Project National Inpatient Sample.

Number of patients, n (%)Condition

HCUP NIS 2013 (N=2,447,640)OneFlorida 2012-2016 (N=147,900)OneFlorida 2013 (N=40,087)

1,868,149 (76.32)123,640 (83.60)32,460 (80.97)Hypertension

1,124,402 (45.94)82,046 (55.48)21,013 (52.42)Hyperlipidemia

911,199 (37.23)57,235 (38.69)15,191 (37.90)Ischemic heart disease

830,551 (33.93)53,362 (36.07)14,158 (35.32)Diabetes

819,538 (33.48)57,108 (38.61)14,445 (36.03)Anemia

813,196 (33.22)49,957 (33.78)12,525 (31.24)Chronic kidney disease

625,467 (25.55)38,347 (25.93)9973 (24.88)Atrial fibrillation

620,787 (25.36)31,411 (21.23)7926 (19.77)Heart failure

559,336 (22.85)31,658 (21.41)8063 (20.11)Chronic obstructive pulmonary disease and
bronchiectasis

481,299 (19.66)41,348 (27.96)9325 (23.26)Rheumatoid arthritis or osteoarthritis

45,6024 (18.63)29,731 (20.10)7622 (19.01)Acquired hypothyroidism

370,502 (15.14)21,349 (14.43)5351 (13.35)Alzheimer disease and related disorders or
senile dementia

323,717 (13.23)22,554 (15.25)5643 (14.08)Depression

161,620 (6.60)10,526 (7.12)2677 (6.68)Osteoporosis

152,557 (6.23)17,136 (11.59)3071 (7.66)Asthma

117,165 (4.79)13,288 (8.98)3040 (7.58)Stroke or transient ischemic attack

107,079 (4.37)7946 (5.37)1799 (4.48)Acute myocardial infarction

103,151 (4.21)10,146 (6.86)2516 (6.27)Prostate cancer

99,430 (4.06)7229 (4.89)1876 (4.68)Breast cancer

89,683 (3.66)4574 (3.09)1202 (3.00)Alzheimer diseasea

77,409 (3.16)5398 (3.65)1496 (3.73)Colorectal cancer

75,982 (3.10)5408 (3.66)1376 (3.43)Lung cancer

69,693 (2.85)5153 (3.48)1127 (2.81)Hip or pelvic fracture

47,979 (1.96)6297 (4.26)919 (2.39)Benign prostatic hyperplasia

15,173 (0.62)1419 (0.96)361 (0.90)Endometrial cancer

aThe case counts for persons with Alzheimer disease are also included in the counts for the Alzheimer disease and related disorders or senile dementia
category.
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Table 3. Prevalence of hypertension stratified by gender-age-racial or ethnic groups in the 2013 Healthcare Cost and Utilization Project (HCUP)
National Inpatient Sample (NIS), the 2013 OneFlorida, and the pooled 2012 to 2016 OneFlorida data.

Number of patients, n (%a)Race or ethnicityAge range in yearsSex

HCUP NIS 2013
(N=2,447,640)

OneFlorida 2012-2016
(N=147,900)

OneFlorida 2013
(N=40,087)

7487 (0.31)381 (0.26)115 (0.29)Asian and Pacific Islander65-74Female

28,310 (1.16)2696 (1.82)704 (1.76)Hispanic65-74Female

53,625 (2.19)5280 (3.57)1516 (3.78)Non-Hispanic black65-74Female

258,444 (10.56)18,653 (12.61)4931 (12.30)Non-Hispanic white65-74Female

8,888 (0.36)308 (0.21)84 (0.21)Asian and Pacific Islander75-84Female

27,484 (1.12)1949 (1.32)518 (1.29)Hispanic75-84Female

42,002 (1.72)3464 (2.34)995 (2.48)Non-Hispanic black75-84Female

275,781 (11.27)14,522 (9.82)3871 (9.66)Non-Hispanic white75-84Female

6295 (0.26)112 (0.08)36 (0.09)Asian and Pacific Islander≥85Female

16,218 (0.66)843 (0.57)216 (0.54)Hispanic≥85Female

24,602 (1.01)1797 (1.22)574 (1.43)Non-Hispanic black≥85Female

226,926 (9.27)8765 (5.93)2465 (6.15)Non-Hispanic white≥85Female

7355 (0.30)417 (0.28)136 (0.34)Asian and Pacific Islander65-74Male

25,393 (1.04)2428 (1.64)597 (1.49)Hispanic65-74Male

42,773 (1.75)4591 (3.10)1240 (3.09)Non-Hispanic black65-74Male

258,218 (10.55)21,889 (14.80)5697 (14.21)Non-Hispanic white65-74Male

6966 (0.28)245 (0.17)59 (0.15)Asian and Pacific Islander75-84Male

20,110 (0.82)1595 (1.08)417 (1.04)Hispanic75-84Male

26,263 (1.07)2441 (1.65)710 (1.77)Non-Hispanic black75-84Male

221,772 (9.06)13,854 (9.37)3677 (9.17)Non-Hispanic white75-84Male

3908 (0.16)78 (0.05)20 (0.05)Asian and Pacific Islander≥85Male

8817 (0.36)560 (0.04)133 (0.33)Hispanic≥85Male

9913 (0.41)815 (0.55)234 (0.58)Non-Hispanic black≥85Male

120,645 (4.93)5449 (3.68)1375 (3.43)Non-Hispanic white≥85Male

aThe denominator is all the patients ≥65 years old.
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Figure 2. Number of conditions in older adults in the Healthcare Cost and Utilization Project National Inpatient Sample (NIS) 2013 and OneFlorida2013
data.

Figure 3. Prevalence of multiple chronic conditions in older adults by gender in Healthcare Cost and Utilization Project National Inpatient Sample
(NIS) 2013 and OneFlorida 2013.

Figure 4. Prevalence of multiple chronic conditions in older adults by race and ethnicity groups in Healthcare Cost and Utilization Project National
Inpatient Sample (NIS) 2013 and OneFlorida 2013 data. NH: non-Hispanic.
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Prevalence of Multiple Chronic Conditions by Pairs
of Conditions
Table 4 shows the prevalence of the 10 most common pairs of
co-occurring chronic conditions. Even though the prevalent
MCCs of 2 conditions were the same in both OneFlorida and
NIS cohorts, their rankings were slightly different. OneFlorida
cohort had a higher percentage of patients with anemia and
hypertension than the NIS cohort (32.17% vs 25.79%).
OneFlorida cohort had a slightly higher percentage of older
adults with atrial fibrillation and hypertension than the NIS
cohort (22.72% vs 19.88%). The most prevalent MCCs of 2
conditions among the 3 datasets were—hyperlipidemia and
hypertension, hypertension and ischemic heart disease, diabetes
and hypertension, chronic kidney disease and hypertension,
anemia and hypertension, and hyperlipidemia and ischemic
heart disease.

Trends in Multiple Chronic Conditions
The following 4 figures (Figures 5-8) present a longitudinal
examination of the number of discharges reflecting 2 or more
conditions for the period 2012 to 2016 for the OneFlorida data
and 2003 to 2013 for the NIS data. In Figure 5, the overall
prevalence of 2 or more CCs raised steadily from approximately
66% in 2003 to approximately 83% in 2013 in the NIS data.
The OneFlorida data began in 2012 at approximately 81%
prevalence of MCC and rose to approximately 84% by 2016.
Both slopes showed a monotonic increasing trend in the
prevalence of MCCs.

The slope of the MCC prevalence by gender in Figure 6
appeared to be very similar to the overall slope in Figure 5. The
slopes for males and females in the NIS data were parallel with
1% to 2% difference for males and females and ultimately

converged at approximately 84% by 2013. Pearson correlation
coefficient showed a strong positive correlation between male
and female older adults with an R value of .9966. The lines for
OneFlorida data for males and females were nearly coincident
and appeared to continue the slope of the NIS data.

In Figure 7, the prevalence of MCC by age group is presented
for NIS and OneFlorida data. The NIS slopes for the 3 age
groups were parallel through 2013. Pearson correlation
coefficient showed a strong positive correlation among the 3
age groups—the R value between NIS 65 to 74 years age group
and 75 to 84 years age group was .9972; the R value between
NIS 65 to 74 years age group and NIS over 85 years age group
was .9961. Nevertheless, there was about an 8-percentage point
difference between the youngest age group (65-74 years) and
the middle age group (75-84 years). The oldest age group (over
85 years) appeared to be about 4 percentage points higher than
the 75 to 84 years age group throughout the time range. Similar
differences were seen between the parallel slopes for OneFlorida
data, although the 85 years and over group was trending
somewhat higher as compared with the same age group in the
NIS.

Finally, in Figure 8, we present the prevalence of MCCs by
racial-ethnic groups. The general trend was the same as seen in
Figures 5-7. The non-Hispanic black and non-Hispanic white
groups ran parallel with the black group averaging about 2
percentage points higher. The Pearson correlation coefficient
showed a strong positive correlation between non-Hispanic
black and non-Hispanic white groups with an R value of .9959.
The Hispanic group and the Asian and Pacific Islander group,
both averaged a bit lower than the non-Hispanic white
population, but there was more volatility probably due to smaller
sample size. This was particularly true for the OneFlorida data.

Table 4. Prevalence of the 10 most common pairs of co-occurring chronic conditions. HCUP NIS: Healthcare Cost and Utilization Project National
Inpatient Sample.

Number of patients, n (%)Condition BCondition A

HCUP NIS 2013
(N=2,447,640)

OneFlorida 2012-2016
(N=147,900)

OneFlorida 2013
(N=40,087)

960,388 (39.23)73,732 (49.85)19,452 (48.52)HypertensionHyperlipidemia

745,865 (30.47)56,945 (38.50)16,672 (41.58)Ischemic heart diseaseHypertension

698,256 (28.53)49,079 (33.18)13,410 (33.45)HypertensionDiabetes

671,397 (27.43)45,482 (30.75)11,727 (29.25)HypertensionChronic kidney disease

631,247 (25.79)49,566 (33.51)12,898 (32.17)HypertensionAnemia

530,768 (21.68)43,100 (29.14)12,041 (30.04)Ischemic heart diseaseHyperlipidemia

490,243 (20.03)28,625 (19.35)7452 (18.59)HypertensionHeart failure

486,609 (19.88)33,851 (22.89)9109 (22.72)HypertensionAtrial fibrillation

449,597 (18.37)38,023 (25.71)10,738 (26.79)HyperlipidemiaDiabetes

414,983 (16.95)27,285 (18.45)7180 (17.91)Chronic obstructive pulmonary disease and
bronchiectasis

Hypertension
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Figure 5. Trends of multiple chronic conditions in older adults for the Healthcare Cost and Utilization Project (HCUP) National Inpatient Sample (NIS;
2003-2013) and OneFlorida (2012-2016). The denominator in the prevalence is the total number of older adults with at least one of the 25 conditions
in each year.

Figure 6. Trends of multiple chronic conditions in older adults by gender for the Healthcare Cost and Utilization Project (HCUP) National Inpatient
Sample (NIS) (2003-2013) and OneFlorida (2012-2016). The denominator in the prevalence is the total number of older male or female with at least
one of the 25 conditions in each year.
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Figure 7. Trends of multiple chronic conditions in older adults by age group for the Healthcare Cost and Utilization Project (HCUP) National Inpatient
Sample (NIS) (2003-2013) and OneFlorida (2012-2016). The denominator in the prevalence is the total number of older adults in each age group with
at least one of the 25 conditions in each year.

Figure 8. Trends of multiple chronic conditions in older adults by racial-ethnic groups for the Healthcare Cost and Utilization Project (HCUP) National
Inpatient Sample (NIS; 2003-2013) and OneFlorida (2012-2016). The denominator in the prevalence is the total number of older adults in each racial-ethnic
group with at least one of the 25 conditions in each year.

Discussion

Principal Findings
The main objective of our study was to compare the prevalence
of common CCs and MCCs in older adults in the Florida and
US national population using the OneFlorida Data Trust and
the NIS of HCUP. The results showed that CCs and MCCs were
prevalent in older adults, both nationally and in the Florida
population. The most prevalent CCs were the same for older
adults in the OneFlorida Data Trust and HCUP NIS. For
hypertension, the largest differences in the estimates between
the 2013 OneFlorida Data Trust and NIS were about merely
3% for non-Hispanic white females 85 years and older and
males 65 to 74 years old. Regarding the number of MCCs,
OneFlorida Data Trust and NIS did not exhibit any notable

difference with respect to gender and race or ethnicity. The most
prevalent MCCs of 2 CCs were also the same for OneFlorida
2013, NIS 2013, and OneFlorida 2012 to 2016. With regard to
the MCC trends, the slopes of the increasing trend in the number
of discharges reflecting 2 or more conditions appeared quite
similar in both data sources. With respect to age group, the
oldest age group (over 85 years of age) appeared to be about 4
percentage points higher than the 75 to 84 years age group and
12 percentage points higher than the 65 to 75 years age group
throughout the time range. Even though slight differences were
observed, similar estimates of prevalence of CCs and MCCs
across OneFlorida Data Trust and NIS showed that large clinical
research networks such as OneFlorida provide rich data
resources for conducting large-scale secondary data analyses.
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Although the MCC prevalence presented in this study is
generalizable to the older US adults in the noninstitutionalized
national population, the use of OneFlorida Data Trust and the
HCUP NIS has limitations. OneFlorida and NIS both only
captured the conditions that were confirmed by a doctor or
health professionals in inpatient settings, potentially leading to
the underrepresentation of conditions that remain undiagnosed
or were not recorded in the inpatient care (eg, arthritis [3]).
Many uninsured adults would not get into these databases until
65 years of age when they become eligible for Medicare.
Undocumented immigrants would never make it into Medicare.
For example, the prevalence of arthritis reported in a
self-reported national survey almost doubles the prevalence of
arthritis in the inpatient clinical data reported in Table 2. Of the
conditions captured, we only used the CCW algorithm from the
Centers for Medicare and Medicaid Services (CMS) and
considered a single occurrence of the diagnosis code of a
particular condition when identifying patients who had such a
condition. There might be false positive cases included in the
analysis. Furthermore, although the OneFlorida Clinical
Research Consortium [41] covers care for approximately 48%
Floridians, the consortium is missing representations from a
few of the key health care markets in Florida, such as Tampa,
and cities in the Florida panhandle area. Moreover, the
prevalence of CCs might be overestimated for Florida, as there
might be duplicated patient records across the different health
care organizations in the OneFlorida consortium. For example,
EHRs from health care providers and claims data from payers
can have records for the same patient. In addition, the same
patient can seek care in different health care organizations in
the network. Thus, linking related data and resolving duplicates
in a clinical research network is a significant task in improving
the quality of a dataset. In our recent effort, we have linked and
deduplicated patient records across 2 of the data sources in the
OneFlorida consortium—University of Florida Health system
and Florida Medicaid. We eliminated 430,106 duplicate patient
records across these 2 sources, which is approximately 6.4% of
the Florida Medicaid population.

Our study confirmed the previous literature [5] and showed the
increasing trend in the prevalence of MCCs among the older
US adults. We also showed that the characteristics of the patient
population in these clinical research networks such as

OneFlorida are comparable to national-level sample data.
Furthermore, these clinical research networks have integrated
fine-grained details of the patients (eg, encounters, procedures,
diagnoses, medications, lab results, as well as patient-reported
outcomes) from multiple health care organizations, which can
provide a more complete picture of the patients’ health traits.
Enabled by clinical research networks such as OneFlorida,
large-scale secondary data analyses can be conducted to discover
novel findings in biomedical research, such as sophisticated
relationships among diseases, medications, vital signs, adverse
events, and outcomes.

Implication and Future Directions
The OneFlorida Data Trust is the informatics infrastructure that
supports pragmatic trials, comparative effectiveness research,
implementation science, and other research in the OneFlorida
Clinical Research Consortium. The most key research functions
supported by OneFlorida and PCORnet include cohort discovery
and participant enrollment, recognizing the barriers in
identifying and recruiting research participants for clinical
research studies, especially for rare diseases. Furthermore, the
population representativeness of clinical research has long been
a concern [42]. Particularly, older adults are widely reported to
be underrepresented in clinical studies across major medical
conditions such as cardiovascular diseases [43,44], cancer
[45,46], dementia [47], and diabetes [48,49]. Due to the lack of
evidence in the clinical practice guideline in treating older adults
with MCCs, it is imperative to generate such evidence by
involving older adults with normal age-related organ impairment
and comorbid conditions that may not interact with the treatment
under study. However, older adults are often unfairly excluded
by restrictive eligibility criteria in clinical studies [46,50].
Meanwhile, MCCs are most prevalent in the Medicare
population. Persons with MCCs are at an increased risk of
mortality, morbidity, hospitalization, high medical costs, and
adverse events [51]. In order to understand how older adults
with MCCs are represented in clinical trials, it is important to
understand the prevalence of MCCs in older adults. In future
work, we will use laboratory test results and medications to
enhance the sensitivity and specificity of case assignment for
some conditions. We will also compare the outpatient data of
OneFlorida Data Trust with the national outpatient databases
such as the Nationwide Emergency Department Sample.
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Abstract

Background: Traditional clinical surveillance relied on the results from clinical trials and observational studies of administrative
databases. However, these studies not only required many valuable resources but also faced a very long time lag.

Objective: This study aimed to illustrate a practical application of the National Taiwan University Hospital Clinical Surveillance
System (NCSS) in the identification of patients with an osteoporotic fracture and to provide a high reusability infrastructure for
longitudinal clinical data.

Methods: The NCSS integrates electronic medical records in the National Taiwan University Hospital (NTUH) with a data
warehouse and is equipped with a user-friendly interface. The NCSS was developed using professional insight from multidisciplinary
experts, including clinical practitioners, epidemiologists, and biomedical engineers. The practical example identifying the unmet
treatment needs for patients encountering major osteoporotic fractures described herein was mainly achieved by adopting the
computerized workflow in the NCSS.

Results: We developed the infrastructure of the NCSS, including an integrated data warehouse and an automatic surveillance
workflow. By applying the NCSS, we efficiently identified 2193 patients who were newly diagnosed with a hip or vertebral
fracture between 2010 and 2014 at NTUH. By adopting the filter function, we identified 1808 (1808/2193, 82.44%) patients who
continued their follow-up at NTUH, and 464 (464/2193, 21.16%) patients who were prescribed anti-osteoporosis medications,
within 3 and 12 months post the index date of their fracture, respectively.
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Conclusions: The NCSS systems can integrate the workflow of cohort identification to accelerate the survey process of clinically
relevant problems and provide decision support in the daily practice of clinical physicians, thereby making the benefit of
evidence-based medicine a reality.

(J Med Internet Res 2018;20(4):e142)   doi:10.2196/jmir.9477

KEYWORDS

information systems; public health surveillance; osteoporotic fractures; pharmacovigilance; guideline adherence

Introduction

Clinical surveillance can provide information on disease
prognosis and postmarketing medication safety, which helps
researchers identify potential clinical issues [1,2]. We describe
the development and implementation of a Web-based National
Taiwan University Hospital Clinical Surveillance System
(NCSS) that is an interoperable, reusable, and scalable platform
for collaborative data sharing using the ASP.Net framework
(Microsoft, WA, USA).

Traditional clinical surveillance relied on the results from
clinical trials and observational studies of administrative
databases. However, these studies not only required a lot of
valuable resources but also faced a very long time lag. Several
studies [3-15] have described the difficulty of reducing gaps
between clinical research needs and proper data management
technique. Therefore, we aimed to develop an automated system
with the capability to use routinely collected electronic health
care data to support clinical surveillance is an important issue.

The National Taiwan University Hospital launched a new 3-year
strategic plan to build the NCSS in 2015. Therefore, we
reviewed the literature to gain insights into the challenges of
cross-networking, patient privacy, user-friendliness, and
reusability (Table 1). To achieve data harmonization, we
referenced the common data model from the Sentinel [4,5]. In

addition, the PCORnet [3,9] developed a common data model
derived from the Sentinel [4,5] to support the development of
an analyzable research database that enhanced the performance
of a cross-networking query. We now need to consider the
system architectural and data management structures. The
Research Electronic Data Capture [14] developed reusable tools
for project-specific clinical and translational research data. We
found that the design of the Stanford Translational Research
Integrated Database Environment [15] for an anonymous patient
cohort discovery tool provides a flexible research data
management solution. In addition, the Integrating Biology and
the Bedside [13] proposed a self-scaling, interoperable platform
for collaborative data sharing. Finally, the Observational Health
Data Sciences and Informatics is an international collaboration
on open-source data analytic solutions [12].

Nonetheless, only a few successful efforts for high reusability
and computerized workflow infrastructure have been
accomplished in Taiwan to date. Therefore, we decided to
implement a Web-based clinical surveillance system extensible
to interdisciplinary collaboration and data sharing.

Our efforts are based on 2 highly diffusible, highly reusable,
and thin client architectures for research network. The platform
provides a high reusability infrastructure for a computerized
workflow that captures relevant longitudinal clinical data and
makes those data repositories reusable. Finally, the platform
has been used for multi-municipality surveillance.

Table 1. Literature summary on electronic clinical surveillance, sorted by year of publication.

CountryMain conceptYearAuthor

United StatesData harmonization2010Brown et al [4,5]

InternationalReusable tools for project-specific clinical and translational research data2013Obeid et al [14]

United StatesA self-scaling, interoperable platform for collaborative data sharing2013Natter et al [13]

United StatesAn anonymous patient cohort discovery tool and data management solution2014Lowe et al [15]

United StatesAn analyzable research database that enhanced performance of a cross-networking query2014Waitman et al [3] and
Fleurence et al [9]

InternationalAn international collaboration on open-source data analytic solutions2015Hripcsak et al [12]

Methods

Data Warehouse
The NCSS integrates a database of electronic medical records
at National Taiwan University Hospital (NTUH), which is a
medical center in Taiwan with over 2000 beds. The clinical data
models were built using an Oracle 11g relational database;
included the demographics, diagnosis, pharmacies, procedures,

laboratories, and death records; and were implemented into the
data warehouse process.

The data warehouse process is the collection of electronic
medical records from the Integrated Medical Database (IMDB)
through scheduling using an extraction, transformation, and
loading tool. We refreshed the database during nonbusiness
hours using 3 steps. First, the system extracted data changes by
comparing the time difference with IMDB. Second, personal
identifiable information was fully anonymized. Finally, the data
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are synchronized back to the IMDB with a timestamp. This data
warehouse provides a data access infrastructure for the NCSS.

Workflow
We aimed to present a Web-based NCSS for clinical surveillance
in a secure, efficient, and interoperable platform. The NCSS
used ASP.Net framework (version 4.5, Microsoft) for Web
development and cloud batch process. The NCSS is configured
to run using load balancing, including failover modes, to secure
the system’s availability and scalability. Firewalls were also
installed to enhance the security of the NCSS. In addition, all
queries were audited and logged, which assures compliance
with institutional review board and other regulatory protections
for subjects.

We designed thin client architecture so that the researchers can
focus on the research design. After setting the parameters on
the webpage, the researcher can leave the large computing
delegate to cloud. Therefore, the researchers do not need to own
a good performance of the computer and lower the computation
of big data of barriers. The overall workflow of the NCSS is
depicted in Figure 1.

Stage 1. Build a Template of Clinical Orders
The process supports the end user, typically a clinical researcher,
to predefine a template of clinical orders using a Clinical Orders
Navigator on the client side. The researcher can browse and
search different dimensions, such as the diagnosis (International
Classification of Diseases, ICD-9 or ICD-10), pharmacy
(anatomical therapeutic chemical code), procedure, and
laboratory in the integrated interface. The details of Clinical
Orders Navigator are provided in Multimedia Appendix 1.

The stage can help clinical researchers build a protocol-based
standardized process and save those clinical orders and specific
guidelines to the database. The creator of the templates can
choose to commit them to Template Library publicly. All
templates submitted to the public Template Library will be
reviewed by clinical professionals to ensure the quality and
accuracy. All researchers can create their own template or use
the open template applied to the Identification process.

Stage 2. Patient Identification
The stage of patient identification includes matching of the
clinical needs to the optimal cohort study. The stage contains
5 processes, consisting of identification, REC (Research
Institutional Ethics Committee) verify, cloud batch process,
data mart of patient level, and report service.

1. Identification: We developed an electronic form to meet
the cohort study flow that contains 2 setting as input as
follows (when researchers finished the electronic form, the
system will save that setting to the database and generate
a universally unique identifier as case number of this
setting.):

• Basic setting: In this step, the researcher fills the
surveillance topic, and the duration of observation from
a particular data source, such as outpatient, admission,
and emergency. In addition, this setting also supports
the selection of specific patient list from data mart
(patient level).

• Order setting: In this step, the researcher chooses the
order setting in Clinical Orders Navigator. The clinical
orders can be in different dimensions, such as the
diagnosis, pharmacy, procedure, and laboratory. For
example, a disease can be defined using several
diagnosis codes, such as hip or vertebral fractures,
including ICD-9-codes 820, 805, and 806 in the
Template Library. The researchers can reuse these
templates as include or exclude criteria to design their
study flow.

2. REC verify: All settings of Identification need to be been
verified by REC. If the setting had been authorized, it will
add a task to the Task Queue for cloud batch process in
server side.

3. Cloud batch process: The cloud batch process maintains a
Task Queue. Every task will be executed follow
First-In-First-Out mechanism in batch server that read the
eligible patients in IMDB. The batch process also records
the cost of each query and the number of patients identified.
After completion of the task, the patient list will be stored
into the database and a mail notification is will be sent to
the researchers.

4. Data mart (patient level): The data mart is a collection of
the patient list that presents the result of every identification
process. The researcher can adopt a patient list from data
mart as their patient data source to query the next
Identification process. Therefore, the identification process
can support a hierarchical structure. This means that the
process can generate a new study population based on a
previous screening result. The researchers can reuse these
patient lists to design a cohort study or case control study
in fine-grained categorization.

5. Report service: The report service contains 3 views of
summary statistics for patient list in data mart as follows:
• View of characteristics: The view is a demographic

summary that helps clarify the characteristics for the
patient list, for example, the descriptive statistics of
age, gender, body mass index (BMI), and income level.

• View of longitudinal incidence trend: The view presents
incidence trend by time series chart and provides a
real-time interactive query by time interval, including
monthly, quarterly, or yearly.

• View of source record: The view presents the number
of included/excluded patients in every Identification
process. If the patient list contains a hierarchical
structure that runs the process of identification more
than once, the report service can track all results of
identification in the aggregation table.
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Figure 1. System workflow of the National Taiwan University Hospital Clinical Surveillance System (NCSS). REC: Research Institutional Ethics
Committee.

A Practical Example of a Clinical Application of the
National Taiwan University Hospital Clinical
Surveillance System in the Identification of
Osteoporotic Fracture Patients
For a practical example of a clinical application of the NCSS,
we looked at the identification of osteoporotic fracture patients
and their utilization in pharmacological therapy. Osteoporotic
fractures, a major consequence of osteoporosis, are associated
with a high mortality rate, increased risk of re-fracture, and poor
quality of life, and incur heavy economic burden on the society.

According to a report from the Global Burden of Disease Study
project, the global burden of osteoporosis-related problems has
doubled in the past two decades and has shown a continuous
increase in recent years. In 2016, 441,230 documented deaths
could be attributed to osteoporosis-related problems [16,17].

In the United States, the direct economic burden of osteoporotic
fractures was approximately US $17 billion in 2005, and is
projected to increase 50% by 2025 [18]. Fortunately, the safety
and efficacy of anti-osteoporosis medications (AOMs) used by
patients with established osteoporotic fractures have been
ascertained [19-23]. However, despite the readily available and
effective treatment for osteoporosis, a care gap between
established osteoporotic fractures and the pharmacological
prevention of subsequent fractures is still being discussed
worldwide [24-27]. We aimed to identify the unmet treatment
needs for patients encountering major osteoporotic fractures
with the NTUH-based clinical surveillance system.

Using NCSS as our data source, we identified patients newly
diagnosed with a hip (ICD-9-code 820) or vertebral fracture
(ICD-9-codes 805 and 806) between 2010 and 2014 as our study
subjects, and defined them as patients requiring treatment. The

initial diagnosis date of a hip or vertebral fracture was defined
as the index date of the study subject. Patients under 50 years
of age; with a diagnosis of malignant neoplasm (ICD-9-code
140-208), osteoporotic fracture (ICD-9-codes 820, 805, and
806), or Paget disease (ICD-9-code 731.0); or who had been
prescribed AOMs within 1 year before the index date were
excluded. Among them, we investigated the prescription pattern
of the AOMs by distinguishing patients into those who began
taking an AOM within 1 year after the index date, and those
who did not. The AOMs evaluated in this study included
alendronate, zolendronate, ibandronate, denosumab, raloxifene,
teriparatide, estradiol valerate, conjugated estrogens, and
calcitonin. The system setting of the identification process used
by the NCSS, the demographics of the study population, and
the treatment pattern of the study population were presented
quarterly.

Results

The NCSS design uses a protocol-based standardized process
of incremental development, testing, and deployment to meet
specific clinical needs. We demonstrated a practical example
of identifying the unmet treatment needs for patients
encountering major osteoporotic fractures and implemented the
hierarchical study population using the NCSS, as depicted in
Figure 2.

We initially selected older patients diagnosed with a hip or
vertebral fracture between 2010 and 2014. By adopting the
identification and filter function of the NCSS, patients with a
history of malignant neoplasm (n=557), or osteoporotic vertebral
and hip fracture (n=1769) within 1 year before the index date,
were excluded. In addition, to identify a new AOM user, we
excluded 179 patients with an AOM prescription before the
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index date. We identified 2193 incidence cases for hip or
vertebral fractures within the period of 2010-2014. These
patients were defined as “patients requiring treatment” according
to the current treatment guidelines. In addition, in the Report
Service, we used visualization tools for displaying the summary
statistics for each patient list. This is depicted in Figure 3.

To ensure those participants are having a continuous follow-up,
we excluded 385 patients who had not visited the hospital within
3 months after the index date. We enrolled in the study 1808
patients who had continued to follow-up at NTUH within 3
months post the index date of their fracture. To investigate the
prescription pattern of the AOMs, we established 2 groups that
were classified based on their AOM prescription date, and by
adopting a filter function, we identified 1808 (1808/2193,
82.44%) patients who continued to follow-up at NTUH, and
464 (464/2193, 21.16%) patients prescribed with an AOM,
within 3 and 12 months post the index date of their fracture,
respectively.

The NCSS provided a summary of the baseline characteristics
of the study population including gender, age, BMI,
socioeconomic status, occupation types, and marital status, as
shown in Figure 4. For example, among the patients who began
taking an AOM within 1 year after the index date, their mean
age was 76.47 (SD 10.10) and their mean BMI was 22.95 (SD

3.86) kg/m2; in addition, the proportion of females was 82.7%
(384/464). This population showed a high proportion of married
patients 71.98% (334/464) with a normal income level 99.8%
(463/464). NCSS provided information regarding the drug
utilization of AOMs for the study population.

The longitudinal trends of patients newly diagnosed with an
osteoporotic fracture and those who began taking an AOM
within 1 year after the index date of their fracture are illustrated
in Figure 5. For example, taking the information from Figure
5, we found that there were approximately 130 newly diagnosed
osteoporotic fracture patients continuing their follow-up at
NTUH in Quarter 4 2014, and among them, 42 (42/130, 32.3%)
began taking an AOM within 1 year post the index date of their
fracture.

Furthermore, the NCSS provides the choice of information
stratification based on gender, index date, fracture type, and
other types of information, which can be provided monthly,
quarterly, and yearly, thereby increasing the flexibility of the
clinical interpretation. For example, as shown in part (b) of
Figure 5, there were 87 female and 43 male fracture patients in
2014 Q4, and among them, 30 (30/87, 35%) females and 12
(28%, 12/43) males began taking an AOM within 1 year post
the index date of their fracture. Information on patients with
different fracture types can be seen in part (c) of Figure 5.

Figure 2. Study flowchart implemented by National Taiwan University Hospital Clinical Surveillance System (NCSS). Each identification process
had been assigned a universally unique identifier with a case number (marked by the blue background, such as 73, F124, F133, F134, F135, F136, and
F137). The case number with an F as a prefix stands for its’ own hierarchical structure. NTUH: National Taiwan University Hospital; AOMs:
anti-osteoporosis medications.
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Figure 3. Snapshot of a source record in National Taiwan University Hospital Clinical Surveillance System (NCSS). Through the source record, we
can get the number of included (and excluded) patients and the data source (patient list).

Figure 4. Snapshot of Report of characteristics in the National Taiwan University Hospital Clinical Surveillance System (NCSS).
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Figure 5. Snapshot of the quarterly report for incidence trend of drug utilization of study cohorts.

Discussion

Principal Findings
To the best of our knowledge, NCSS is a pioneering electronic
clinical surveillance system in its attempt to organize
decision-making activities and facilitate the standard-based
process for clinical needs in Taiwan. In this study, we
demonstrated a practical example of an NCSS application. We
can efficiently and correctly gather information on those patients
requiring disease treatment and understand their treatment
patterns, as well as identify any unmet treatment requirements
in the hospital.

Through this practical example, we found that the
pharmacological treatment rate of patients with an osteoporotic

fracture is suboptimal at NTUH. On average, only 35% (30/87)
of female and 28% (12/43) of male osteoporotic fracture patients
initiated AOM therapy to prevent a subsequent fracture. More
effort is warranted to improve the quality of care for these
patients.

Limitations
Studies from a hospital-wide database require less time for data
collection and can achieve a faster response to meet the needs
of clinical research. However, there is a certain limitation to
this study, that is, bias in the estimates may exist because it is
difficult to determine whether the patient in a hospital-wide
database is suffering from such injury for the first time.
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Comparison With Prior Work
Clinical surveillance systems have been widely implemented
[13,15,28], and studies have demonstrated the use of various
algorithms to identify potential research patient cohorts. There
are several important core concepts to our research, including
access to clinical data for research purposes, the design of a
flexible research data management solution, and clarifying the
characteristics of each study population. However, previous
studies [8,9,13,15] have not proposed how to integrate a
protocol-based process in the building of a cohort discovery.
The clinical surveillance systems should also have the capability
to bring guidelines to the clinical practitioners. The NCSS
integrates the workflow of cohort identification to accelerate
the survey process based on certain guidelines. In particular,
for quality assurance, clinical researchers or medical policy
makers need to monitor specific quality indicators to ensure the
quality of patient care. They can focus on clinical needs to
achieve a continuous process integration using standardized
NCSS templates. The different clinical contexts can be refined
using a new scaffold to meet clinical needs based on the original
standardized templates. In fact, different methodologies of
capturing cases of patients would result in disparate estimates
of incidence or mortality. For example, in the case on sepsis
identification, there are four methods available, [29-32]
including Angus et al, Martin et al, Dombrovskiy et al, and
Wang et al. We believe this clinical knowledge should be
preserved and converted into a shareable template for a
collaborative research network. These templates can be quickly
searched and reused for inclusion/exclusion criteria of patient
identification in the Template Library. Therefore, the researchers
can embrace change courageously because they only need to
focus on any existing differences. More importantly, these
processes should be conceptualized as continuous organizational
efforts to lead to self-organizing innovation of the NCSS.

The hierarchical structure of the system design has not been
proposed for system reusability. We designed a mechanism for
reusing the patient list in data mart. We believe this identified
list of patients can be reused by other researchers, especially
for the design of a subgroup study, a case control study, or a
similar context of research. To better interpret the process of
identification of each patient list, we designed a hierarchical
structure where each patient list could be traced back to its
patient data source and researchers could compare every patient
data source with characteristics and longitudinal incidence trend
in the Report Service. This innovative method allows
dynamically generating a clinical data mart and reduces the
computation overhead through the reuse of the same patient
list. This design can inspire researchers and allow them to focus
on the research design rather than data processing.

Until 2017, the NCSS has been well constructed and
continuously improving. The active users of NCSS are now in
the form of research teams. These teams consist of
multidisciplinary specialties such as a clinical doctor,
pharmacist, epidemiologist, bio-medical engineer, and research
assistants. Several research teams have been adopting the NCSS
to improve the problem-solving process of their relevant clinical
issue. This includes cardiovascular, diabetic, renal, liver,
neurologic, and orthopedic medical teams. Each team consists

of 5-7 people. These research teams regularly hold monthly
meetings to discuss the problems related to the application of
NCSS. In the period between 2015 and 2017, dozens of cohorts
were created by each research team. Moreover, a large sum of
meaningful feedback has been received for not only the problem
related to using the NCSS but also recommendations for
improving the NCSS. For example, the cardiovascular research
team raised the problem of using different brands of drugs
during different periods. Therefore, we retrieved the relevant
drug products available and used in 2014 as well as 2004. This
modification allows the research to more precisely capture and
study the drug exposure across a population. The orthopedic
research team also revealed the problems regarding the
inconsistent days listed for a prescription and the
pharmacological duration of the prescription. Some medication
has a 1 year of effect duration; however, the prescription was
recorded for only 1 day. Therefore, the NCSS modified the
duration according to each drug property to correct the
measurement of exposure. Finally, we accomplished the assistant
resources such as the user handbook and Web-based video
tutorials. This helps the research team readily assess the NCSS.
These application experiences and associated feedback help to
improve the NCSS efficiency and quality of clinical research
at NTUH.

Future Work
The identification of the problem is the first step to solving and
improving the clinical outcome of the patient. By applying
computerized patient identification derived from the NCSS, we
can create the infrastructure of an informatics system at NTUH.
Furthermore, we can provide decision support in daily practice,
thereby making the benefit of evidence-based medicine a reality.
In fact, we believe that the best way to promote medical care is
to provide relevant evidence to assist doctors in their
decision-making process during their clinical daily practice.
For example, an evaluation of the longitudinal trends of health
care utilization can help create a baseline, track progress over
time, and generate real-world evidence. Besides providing
clinical support for physicians, the next step will be providing
integrated real-time, interactive, and personalized support to
individual patients [33,34]. This will be focused on in a future
study. Finally, we strongly advocate developing a consistent
strategy, as well as celebrating success and continuously sharing
different experiences. The continual reduction in the gap
between evidence and practice is an ongoing journey and not
an end that can be simply reached shortly after the NCSS is
implemented.

Conclusions
The results of this study confirm that the NCSS is an efficient
electronic clinical surveillance system that can integrate the
workflow of cohort identification to accelerate the survey
process of disease and medication prescription patterns. The
NCSS can serve the critical role of gathering data and making
associations between evidence and practice in a rapid fashion,
and can be a support system for researchers who wish to confirm
certain clinical issues as well as for those requiring a
computerized system to complete their studies. Finally, the
NCSS can provide decision support in the daily practice of
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clinical physicians and make the benefit of evidence-based medicine a reality.
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Abstract

Background: Decisions about prenatal screening for Down syndrome are difficult for women, as they entail risk, potential loss,
and regret. Shared decision making increases women’s knowledge of their choices and better aligns decisions with their values.
Patient decision aids foster shared decision making but are rarely used in this context.

Objective: One of the most promising strategies for implementing shared decision making is distribution of decision aids by
health professionals. We aimed to identify factors influencing their intention to use a DA during prenatal visit for decisions about
Down syndrome screening.

Methods: We conducted a cross-sectional quantitative study. Using a Web panel, we conducted a theory-based survey of health
professionals in Quebec province (Canada). Eligibility criteria were as follows: (1) family physicians, midwives,
obstetrician-gynecologists, or trainees in these professions; (2) involved in prenatal care; and (3) working in Quebec province.
Participants watched a video depicting a health professional using a decision aid during a prenatal consultation with a woman
and her partner, and then answered a questionnaire based on an extended version of the theory of planned behavior, including
some of the constructs of the theoretical domains framework. The questionnaire assessed 8 psychosocial constructs (attitude,
anticipated regret, subjective norm, self-identity, moral norm, descriptive norm, self-efficacy, and perceived control), 7 related
sets of behavioral beliefs (advantages, disadvantages, emotions, sources of encouragement or discouragement, incentives,
facilitators, and barriers), and sociodemographic data. We performed descriptive, bivariate, and multiple linear regression analyses
to identify factors influencing health professionals’ intention to use a decision aid.

Results: Among 330 health professionals who completed the survey, 310 met the inclusion criteria: family physicians, 55.2%
(171/310); obstetrician-gynecologists, 33.8% (105/310); and midwives, 11.0% (34/310). Of these, 80.9% were female (251/310).
Mean age was 39.6 (SD 11.5) years. Less than half were aware of any decision aids at all. In decreasing order of importance,
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factors influencing their intention to use a decision aid for Down syndrome prenatal screening were as follows: self-identity
(beta=.325, P<.001), attitude (beta=.297, P<.001), moral norm (beta=.288, P<.001), descriptive norm (beta=.166, P<.001), and
anticipated regret (beta=.099, P=.003). Underlying behavioral beliefs significantly related to intention were that the use of a
decision aid would promote decision making (beta=.117, 95% CI 0.043-0.190), would reassure health professionals (beta=.100,
95% CI 0.024-0.175), and might require more time than planned for the consultation (beta=−.077, 95% CI −0.124 to −0.031).

Conclusions: We identified psychosocial factors that could influence health professionals’ intention to use a decision aid about
Down syndrome screening. Strategies should remind them of the following: (1) using a decision aid for this purpose should be
a common practice, (2) it would be expected of someone in their societal role, (3) the experience of using it will be satisfying
and reassuring, and (4) it is likely to be compatible with their moral values.

(J Med Internet Res 2018;20(4):e114)   doi:10.2196/jmir.9036

KEYWORDS

decision support techniques; Down syndrome; decision making; behavior; intention; physicians; midwifery; surveys; prenatal
diagnosis

Introduction

Background
The decision about whether or not to take a prenatal screening
test can be challenging for women [1]. First, the medical
information is complex and results are sometimes uncertain
[2-4]. Second, to make a good decision, women need to
thoroughly understand probabilistic data and the characteristics
of the various screening tests such as detection rates [5]. Third,
prenatal testing for Down syndrome involves the woman’s
personal values, and she may find it difficult to articulate them
[1]. Fourth, not knowing the outcome and then finding out the
results of the screening may be stressful [6-8] and lead to more
difficult decisions. If the results are positive, the pregnant
woman will have to decide whether to undergo more invasive
diagnostic testing (such as amniocentesis) or not. If these results,
too, are positive, she will have to choose between terminating
the pregnancy and preparing for a child who will have special
needs throughout his or her life [9]. Finally, health professionals’
communication of results is often insufficient, misleading, or
negative and they may misjudge women’s values and
preferences [5,10-12]. Without sufficient decision support,
women in this position may experience decisional conflict,
defined as the uncertainty caused by a decision that involves
risk, loss, or a challenge to their personal values [13].
Uncertainty may lead to decision regret, which in turn can lead
to deteriorating health and perhaps litigation.

In Quebec, Canada, in family medicine groups for example, a
first prenatal appointment with a nurse is usually scheduled for
a pregnant woman starting from the fifth and sixth week of her
pregnancy. The nurse enters information in the patient’s
obstetrical file and gives her an information kit that includes
the Quebec Ministry of Health and Social Service’s information
leaflet on the prenatal test for Down syndrome. Starting from
eighth to ninth week, the woman meets the family physician,
and the doctor asks her if she wants to take the test.

At this stage, with the help of the physician, the woman should
make an informed decision, that is, one that takes into account
relevant information about the advantages and disadvantages
of all the options and that is in keeping with her values and
preferences [14]. However, in reality, studies have shown that

in spite of some printed information they are given, few women
are making informed decisions about prenatal screening, and
health professionals are not engaging pregnant women in shared
decision making (SDM) about this decision [12,15].

Shared Decision Making and Decision Aids
SDM is an interpersonal and interdependent process [16] in
which the health professional and patient work together to make
informed value-congruent decisions about the patient’s health
[17,18]. SDM about this and other health-related decisions not
only improves care experiences but also is increasingly
recognized as an ethical imperative in health policy and
legislation [19]. Patient decision aids (DAs) are decision support
tools that help the decision-making process by providing
information about treatment or testing options, associated
benefits, disadvantages, probabilities and uncertainties, as well
as raising the question of values and preferences [20]. Studies
have shown that by improving knowledge and allowing patients
to make choices that are informed by evidence and by their
values, DAs can reduce decisional conflict and indecision [20].
Despite the evidence in favor of SDM and DAs, they are rarely
used in practice [21] and even less for prenatal screening
decisions.

To increase the use of DAs in making informed decisions about
Down syndrome testing, health professionals who are offering
women prenatal testing should be targeted as distribution of
DAs by health professionals has been shown to be the most
promising implementation strategy of SDM to date [22].
According to the theory of planned behavior (TPB) and other
sociocognitive theories and models (eg, theoretical domains
framework [TDF]), the adoption of a behavior, such as using a
DA, is mainly determined by the level of the person’s intention
to perform the behavior [23,24]. Some studies have suggested
that health professionals’ intention to use a DA would depend
on their specialty [25], experience [26], and cultural beliefs
[27]. However, these factors are not easily modifiable, whereas
according to the TPB, the sociocognitive factors that influence
health professionals’ intentions can be modified. Knowledge
of these modifiable factors would thus be useful in designing
an intervention such as a care plan to foster health professionals’
use of a DA for helping pregnant women make informed
decisions about prenatal testing for Down syndrome.
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Objectives
Therefore, we aimed to identify factors influencing health
professionals’ intention to use a DA during prenatal visit for
decisions about Down syndrome screening.

Methods

Study Design and Context
We conducted a Web-based survey of health professionals in
the province of Quebec (Canada) using a Web panel and used
Checklist for Reporting Results of Internet E-Survey
(CHERRIES) to guide reporting of results [28] (see Multimedia
Appendix 1). This study was embedded in a larger research
initiative called the PEGASUS project (Personalized Genomics
for Prenatal Aneuploidy Screening Using Maternal Blood)
aiming to validate the performance and utility of noninvasive
prenatal testing in the general population. In this larger initiative,
our overarching aim was to produce a DA to foster SDM in the
context of prenatal screening for Down syndrome. Our study
complements a similar survey of the intentions of pregnant
women to use a DA for decisions about prenatal screening for
Down syndrome [29]. We obtained ethics approval from the
research ethics boards of the Centre de Santé et de Services
Sociaux de la Vieille-Capitale (#2013-2014-29) and the CHU
de Quebec (#B14-02-1929).

Participants and Recruitment
Prenatal care in the province of Quebec is provided by
obstetrician-gynecologists (about 51% of pregnancies), family
physicians (about 46%), and midwives (about 3%). These three
types of health professionals were eligible to participate, and
we expected to recruit a similar proportion of each type as is
found in Quebec overall [30]. Recruitment took place from
December 18, 2015, to October 4, 2016. Eligible health
professionals were as follows: (1) family physicians, midwives,
obstetrician-gynecologists, or trainees in these professions; (2)
involved in prenatal care; and (3) working in the province of
Quebec. We excluded health professionals who were on parental
or sick leave and who had participated in a previous phase of
the project.

We mandated 2 private firms specialized in polling to program
our Web survey and to recruit eligible health professionals in
the province of Quebec (Canada). Canada’s health care system
consists of 13 (10 provincial and 3 territorial) independent health
care systems. In this study, we focused on the province of
Quebec, which is the second most populous Canadian province.
Once the survey was programmed, we emailed invitations that
included an open link to the survey as well as other relevant
information. This included: (1) study context, (2) study aim,
(3) survey content, (4) ethical approval, (5) funding information,
(6) information about researchers, (7) time the survey would
take (10 minutes to watch the video and 15 minutes for the
questionnaire), (8) honoraria offered to eligible participants (50
Canadian dollars), and (9) coordinator contacts. Invited
participants were asked to fill out the questionnaire as soon as
possible since the link to the survey would be deactivated when
the desired number of respondents was reached. We recruited

additional eligible participants by the following means: (1)
asking family physicians, midwives, and
obstetrician-gynecologists known to the team to forward our
invitation (snowball method) and (2) asking 3 relevant provincial
health professional associations, which agreed to forward the
invitation to their members. By clicking on the survey link,
interested participants were directed to the open survey. Once
eligibility criteria were confirmed (11 filter questions), eligible
health professionals started the voluntary survey. No
randomization of items or questionnaires was performed.

Data Collection
Clear preliminary statements provided information and
instructions for the study and enabled participants to confirm
their consent. Participating health professionals completed the
Web-based survey through 22 Web pages that each included
up to 6 items, appearing in the same order for all participants
(see Multimedia Appendix 2). Participants were not expected
to have experience in the use of a DA, so to have them
understand the behavior of interest (Action: use; Target: a DA
for prenatal screening for DS; Context: during prenatal care
visits), they were invited to watch a 10-minute video that
depicted 2 consecutive prenatal care follow-ups during which
a pregnant woman, her partner, and a health professional use a
DA to decide whether the woman will undergo prenatal
screening for Down syndrome. It presented a health professional
in a clinic in a scenario that would be relevant to any type of
prenatal care provider. The DA is available in Multimedia
Appendix 3. The production of the video and the DA followed
validated processes used successfully in previous work [31].
After watching the video, eligible health professionals were
directed to the survey.

The Web-based questionnaire was developed using constructs
that extended the TPB, including some TDF constructs (Figure
1). We used the 3 direct constructs of the TPB: (1) attitude
(perceived advantages or disadvantages of adopting the
behavior), (2) subjective norm (the perceived social pressure
from significant others to perform the behavior), and (3)
perceived behavioral control (perceived control over performing
the targeted behavior) to assess health professionals’ intention
to use a DA for prenatal screening for Down syndrome. We
supplemented these with 5 more constructs from theories shown
to improve the predictive capacity of the TPB: (1) anticipated
regret or potential regret about not having adopted the target
behavior; (2) self-identity or one’s image of oneself, reflecting
the extent to which a person sees himself or herself as fulfilling
the criteria for any societal role; (3) moral norm or one’s
perceived moral duties; (4) descriptive norm or the perceived
prevalence of the practice; and (5) self-efficacy or perceived
ability to enact the behavior [32-34]. We also measured 7 related
sets of behavioral beliefs as elicited through semistructured
interviews in previous qualitative studies by our team [35],
namely, perceived advantages and disadvantages of using the
DA, predicted emotions following its use (beliefs underlying
attitude), encouragement or discouragement (beliefs underlying
subjective norm), perceived incentives, facilitators and barriers
to using the DA (beliefs underlying perceived control; Figure
1).
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Figure 1. Extended model of behavior change. TPB: theory of planned behavior.

Questionnaire and Measures
The questionnaire, which was developed both in English and
French, included 68 closed items (67 scored on a 7-point
Likert-type scale and 1 on a 5-point scale). The questionnaire
was pilot tested (2-week test-retest). The aim of the
questionnaire was to assess the theory-based factors influencing
the use of a DA to decide about prenatal screening [29]. Attitude
was measured with 5 items using bipolar adjectives assessing
health professionals’ cognitive and affective attitudes (ie, very
difficult to very easy, useless to very useful). All other direct
constructs were assessed with 3 or 4 items, except anticipated
regret with 2 items, and all used opposing outcomes (ie, strongly
disagree to strongly agree, very unlikely to very likely). Once
data collection was completed, the 2 contracted companies sent
us the data anonymously, which were then stored on our secure
network (password-protected).

Sample Size
On the basis of power and sample size determination for linear
models [36], we estimated that a sample size of 350 health
professionals would be sufficient to detect a partial correlation
of .15 between the intention and a model construct, with a power
of 80% and a significance level of 5% for each group. To
consider the missing data and ensure that our sample was large
enough to perform subgroup analyses, we aimed to recruit 380
health professionals (175 gynecologist-obstetricians, 175 family
physicians, and 30 midwives, reflecting the proportions of these
health professionals who are involved in prenatal care in Quebec
province).

Data Analysis
We used simple descriptive statistics (means, SDs and
percentages) to summarize sociodemographics, professional
characteristics and sociocognitive variables. For each
sociocognitive direct construct and intention, we verified internal
consistency by calculating Cronbach alphas. For each
sociocognitive construct and continuous sociodemographic
variable, we obtained Pearson correlations to assess the strength
of their association with intention. For the categorical and
dichotomous sociodemographic variables, we performed
analysis of variance analyses and t tests. We also performed an
initial multiple linear regression that included only the TPB
variables (attitude, subjective norm and perceived control).
Next, we compared the extended TPB model, including the
additional variables of anticipated regret, self-identity, moral
norm, descriptive norm, and self-efficacy, with the preceding
TPB conventional model. We then added the external variables
(health professional type and sociodemographics) to the model
and used a backward approach in an attempt to obtain an
adjusted model with better goodness-of-fit.

To identify significant underlying beliefs, we replaced constructs
that significantly determined health professionals’ intention
with their associated underlying beliefs (eg, attitude was
replaced by its underlying beliefs), and performed the regression
model also including all other significant direct constructs.
Following a backward approach, we kept significant beliefs
(P<.05) while keeping the direct constructs in the model.

As our study participants included 3 types of health professionals
(family physicians, obstetricians or gynecologists, and
midwives), all bivariate analyses involving sociocognitive
constructs were conducted on each of the 3 subsamples of health
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professionals. Due to the small samples and the non-normality
of the variables, we used Spearman correlation coefficients to
explore the relationship between intention and the sociocognitive
constructs per subsample. The multiple regression analysis,
including the direct constructs of the extended TPB, was also
reproduced in each of these subsamples.

For some of the multiple regression models described earlier,
we used deviance and F tests to compare nested models and
thus identify which one was best. In all regression models, the
normality of residuals was satisfying, but their variance was
not homogeneous. So we obtained heteroscedasticity-consistent
standard errors [37] and reported the corresponding t tests for
all inferred beta coefficients. All analyses were performed using
SAS 9.4 (SAS Institute Inc, Cary, NC).

Results

Participant Characteristics
Figure 2 illustrates the flow of participants. Following
CHERRIES [28], we considered as unique visitors all eligible
participants who clicked on the personalized link to take the

survey. The completion rate (ratio of users who finished the
survey to those who agreed to participate) was 84.8% (330/389).
The completion time was not kept for analysis as participating
health professionals could stop and restart the survey later, and
no data were missing as the Web-based survey did not allow
participants to proceed beyond unanswered items. The
respondents were not able to review and change their answers.
Table 1 shows participant characteristics. Briefly, the mean age
of the 310 participating health professionals included in the
analyses was 39.6 (SD 11.5) years; 81.0% (251/310) were
female; and 92.6% (287/310) were French-speaking. Of the 310
health professionals, 55.2% (171/310) were family physicians,
33.9% (105/310) were obstetricians or gynecologists, and 11%
(34/310) were midwives. Surprisingly, although 23.6% (73/310)
health professionals reported that they were already aware of a
DA for decision making about prenatal screening for Down
syndrome, only 40.97% (127/310) of health professionals
reported that they knew of any DA for diagnostic or treatment
decisions. We found no significant association between health
professionals’knowledge of DAs (in prenatal screening or other
contexts) and their intention to use one in the prenatal screening
context.

Figure 2. The flowchart of the participants.
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Table 1. Health professionals’ characteristics, N=310.

ValueCharacteristic

39.6 (11.5)Age in years, mean (SD)

59.5 (43.1)Number of patients per week, mean (SD)

39.4 (54.1)Number of pregnancy follow-ups per month, mean (SD)

Sex, n (%)

59 (19.0)Male

251 (81.0)Female

Type of health professional, n (%)

171 (55.2)Family doctor or family physician or general practitioner

105 (33.8)Obstetrician/gynecologist

34 (11.0)Midwife

Mother tongue, n (%)

287 (92.6)French

8 (2.6)English

15 (4.8)Other

Ethnicity, n (%)a

289 (93.2)White or Caucasian

2 (0.7)African or African American

3 (1.0)Latin American

7 (2.3)Arab

2 (0.7)South Asian

3 (1.0)Southeast Asian

2 (0.7)Chinese

1 (0.3)Other

5 (1.6)I would rather not answer

Prior knowledge about a decision aid for prenatal screening for Down syndrome, n (%)

73 (23.5)Yes

237 (76.5)No

Prior knowledge about a decision aid regarding another issue, n (%)

127 (41.0)Yes

183 (59.0)No

aPercentages add up to 101.5% because participants were allowed to select more than one ethnicity.

Descriptive and Bivariate Analyses
First, intention and all the 8 direct constructs analyzed showed
adequate internal consistency (Cronbach alphas from .75 to
.97). Except for anticipated regret (mean score of 3.57 out of
7), mean scores of each construct were higher than 4 out of 7
(4.70 to 5.91) (Table 2), that is, few participants thought they
would regret not having used a DA in the context of prenatal
screening for Down syndrome.

Bivariate analysis showed that all sociocognitive factors were
significantly associated with intention (P<.01 to P<.001; Table

2). All constructs were also significantly associated with each
other (P<.05 to P<.001) except for descriptive norm and
anticipated regret in association with perceived control. In
exploring associations between intention and sociocognitive
constructs, because the sample was stratified by health
professional type we found that, except for perceived control
in the midwife sample, all constructs were associated with
intention (P<.05 to P<.001). In order of magnitude, the mean
intention scores among health professionals were as follows:
midwives 5.78 (SD 0.84), family physicians 5.35 (SD 1.42),
and obstetricians or gynecologists 4.91 (SD 1.67).
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Table 2. Internal consistency of psychosocial constructs and descriptive analyses.

Mean (SD)Cronbach alphaNumber of itemsConstructs

5.25 (1.48).973Intention

5.05 (0.96).875Attitude

4.74 (1.11).873Subjective norm

5.27 (1.22).753Perceived control

5.81 (0.85).754Self-efficacy

5.06 (1.30).914Self-identity

4.70 (1.44).913Descriptive norm

5.91 (1.01).904Moral norm

3.57 (1.54).772Anticipated regret

Multivariate Analyses
We identified the most significant factors in health
professionals’ intention to use the DA. In the first multivariate
model, including only TPB variables, attitude (beta= 1.104,
95% CI 0.953-1.255) and subjective norm (beta=.157, 95% CI
0.028-0.286) were significant factors of health professionals’
intention to use a DA in the context of prenatal Down syndrome
screening (Table 3). No sociodemographic variable was added
to the model.

In the second multivariate model, based on the extended TPB
and thus including the additional variables of self-efficacy,
self-identity, descriptive norms, moral norms, and anticipated

regret, we found that self-identity (beta=.325, 95% CI
0.186-0.465), attitude (beta=.297, 95% CI 0.168-0.426), moral
norm (beta=.288, 95% CI 0.153-0.422), descriptive norm
(beta=.166, 95% CI 0.084-0.248), and anticipated regret
(beta=.099, 95% CI 0.035-0.164) were significant factors of
health professionals’ intention to use a DA in the context of
prenatal Down syndrome screening (Table 3). In the TPB-only
model, the proportion of explained variance was .64, and in the
extended model, it was .80. The increase of 16% in the extended
model and the comparison of model deviance shows that health
professionals’ intention was better explained when additional
sociocognitive variables were included (Δ deviance F5,301=48.34;
P<.001); see Table 3).

Table 3. Significant factors in health professionals’ intention. TPB: theory of planned behavior; N/A: not applicable.

Extended TPB, beta (95% CI)TPB, beta (95% CI)Construct

Midwivese (n=34)Family physicians/

general practitionersd

(n=171)

Obstetricians/

gynecologistsc (n=105)

Full sampleb (N=310)Full samplea (N=310)

.297 (0.044-0.549)g.197 (0.035-0.359)g.487 (0.237-0.738)f.297 (0.168-0.426)f1.104 (0.953-1.255)fAttitude

−.013 (−0.108 to 0.082).018 (−0.118 to 0.154)−0.061 (−0.223 to 0.100)−.0041 (−0.098 to 0.089).157 (0.028-0.286)gSubjective norm

−.018 (−0.134 to 0.097).041 (−0.079 to 0.161).031 (−0.081 to 0.143).045 (−0.033 to 0.123).044 (−0.054 to 0.142)Perceived control

.061 (−0.175 to 0.297).353 (0.078-0.628)g−.048 (−0.346 to 0.251).193 (−0.01 to 0.395)N/ASelf-efficacy

.334 (0.146-0.521)h.275 (0.113-0.438)h.308 (0.055 to 0.56)g.325 (0.186-0.465)fN/ASelf-identity

.056 (−0.047 to 0.158).148 (0.030-0.266)g.201 (0.088 to 0.313)f.166 (0.084-0.248)fN/ADescriptive norm

.233 (−0.051 to 0.517).224 (0.051-0.396)g.393 (0.162 to 0.624)h.288 (0.153-0.422)fN/AMoral norm

−.02 (−0.134 to 0.093).155 (0.071-0.238)f.072 (−0.028 to 0.172).099 (0.035, 0.164)hN/AAnticipated regret

aR2=.644; deviance=241.80.
bR2=.803; deviance=134.12; F5,301=48.34, P<.001 for comparison with TPB model deviance.
cR2=.869; deviance=37.85.
dR2=.766; deviance=80.37.
eR2=.758; deviance=5.70.
fP<.001.
gP<.05.
hP<.01.
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Table 4. Significant beliefs of health professionals. N/A: not applicable.

P valueBeta (SE)Underlying beliefConstruct

.002.117 (.037)Advantages: Using a decision aid would promote decision makingAttitude

.01.100 (.038)Emotions: Using a decision aid would reassure me

.001−.077 (.024)Disadvantages: Using a decision aid might require more time than planned for the consultation

<.001.366 (.070)N/ASelf-identity

<.001.319 (.064)N/AMoral norms

<.001.209 (.043)N/ADescriptive norms

.003.094 (.031)N/AAnticipated regret

Analyses of the extended model within the strata of health
professional type suggested some differences in the size effects
of the factors, but due to collinearity issues we were not able
to assess the statistical significance of these differences. For the
obstetrician or gynecologist subgroup (N=105), we found that,
in order of importance, attitude (beta=.487, 95% CI
0.237-0.738), moral norm (beta=.393, 95% CI 0.162-0.624),
self-identity (beta=.308, 95% CI 0.055-0.560), and descriptive
norm (beta=.201, 95% CI 0.088-0.313) were significant factors
of intention. For the family physician subgroup, we found that
self-efficacy (beta=.353, 95% CI 0.078-0.628), self-identity
(beta=.275, 95% CI 0.113-0.438), moral norm (beta=.224, 95%
CI 0.051-0.396), attitude (beta=.197, 95% CI 0.035-0.359),
anticipated regret (beta=.155, 95% CI 0.071-0.238), and
descriptive norm (beta=.148, 95% CI 0.030-0.266), were
significant factors of intention. Finally, for the midwife
subgroup, we found that self-identity (beta=.334, 95% CI
0.146-0.521) and attitude (beta=.297, 95% CI 0.044-0.549) were
significant factors of intention (Table 3).

Attitude was the only significant construct among TPB variables.
Thus, to identify significant underlying beliefs, we performed
an additional multiple regression model where attitude was
replaced with its underlying beliefs (Table 4). From this, we
found 3 significant beliefs related specifically to the attitude
construct, namely, that the use of a DA (1) would promote
decision making (beta=.117, 95% CI 0.043-0.190), (2) would
reassure health professionals (beta=.100, 95% CI 0.024-0.175),
and (3) might require more time than planned for the
consultation (beta=−.077, 95% CI −0.124 to −0.031).

Discussion

Principal Findings
With the aim of helping health professionals to support women
to make informed, value-congruent decisions about prenatal
testing, we identified psychosocial factors influencing the
intentions of midwives, family physicians, and obstetricians or
gynecologists to use a DA during a prenatal visit for decisions
about Down syndrome screening. We found the following: (1)
less than half of the health professionals were aware of DAs for
contexts other than prenatal screening, and few of them knew
of any DA for prenatal screening for Down syndrome; (2) all
psychosocial measures except for anticipated regret scored high;
(3) overall intention was high among health professionals but
varied across the type of health professional, and attitude,

self-identity, descriptive norm, moral norm and anticipated
regret were all associated with intention to use a DA for prenatal
screening among all types of health professionals; and (4) 3
significant beliefs related to attitude in all groups were that the
use of a DA would promote decision making, would reassure
health professionals, and might require more time than planned
for the consultation. These results lead us to make the following
four main observations.

First, health professionals do not know enough about DAs in
any context, including in the prenatal screening context. Studies
show the important role of health professionals in the delivery
of DAs [22,38]. Our results, showing that more than half of all
health professionals surveyed had never come across any DAs,
indicate that more needs to be done to distribute DAs in health
care systems and make health professionals aware of them. This
concurs with results of qualitative studies on health
professionals’ attitudes to DAs, suggesting that their lack of
awareness of the existence of DAs was a major barrier to their
use [39,40]. In addition, we observed that the video was needed
for showing health professionals what a DA was, as well as
how it can be used during a consultation, to ensure that they
had a clear idea of what they were being surveyed about. This
result also suggests that another criterion could be added to the
International Patient Decision Aids Standard, that is, that the
purpose and potential use of the DA is comprehensible to health
professionals. Further studies assessing factors influencing the
use of DA should start with asking about target participants’
awareness of DAs and make sure they know what a DA is and
how they can be used in clinical settings.

Second, few participants thought they would regret not having
used the DA. Regret is “a comparison-based emotion of
self-blame, experienced when people realize or imagine that
their present situation would have been better had they decided
differently in the past” [41]. One of the conditions that
determines anticipated regret is when the preferred option is
not necessarily superior to other options [41,42]. It could be
that health professionals feel they are already engaging their
patients adequately in the decision about prenatal testing, and
that the option of using the DA is not greatly superior to their
own efforts. This is supported by studies showing that health
professionals tend to think they are engaging in SDM more than
their patients think they are [43]. Further investigation is
required to identify the main reason for health care professionals
reporting they do not anticipate regret for not using a DA in this
context.
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Third, intention to use a DA was high overall among health
professionals. These results are congruent with previous studies
showing high levels of intention among health professionals to
engage in SDM in clinical contexts (including prenatal
screening) [44]. Interestingly, some of our previous work has
shown that pregnant women also have high levels of intention
to use a DA for Down syndrome screening decisions [29,45].
Together, these results suggest that both health professionals
and pregnant women seem inclined to use a DA in Down
syndrome prenatal screening, and that lack of intention among
either health professionals or pregnant women is not the cause
of failure to implement DAs in this context. Although similar
factors influenced their behavior (attitude, moral norm,
descriptive norm, and anticipated regret), future interventions
will need to be tailored to each member of the dyad.

However, although overall intention was high, we also observed
that health professionals’ intention to use a DA for prenatal
Down syndrome screening may differ by type: midwives had
the highest intention and obstetrician or gynecologists the
lowest. Our results are the first to document that this intention
varies across types of health professional. The variation could
be due to obstetricians or gynecologists feeling that they have
less time to enter into a lengthy discussion about Down
syndrome prenatal screening. One study highlighted the
importance of using DAs in a flexible manner, that is, adapted
to timing appropriate to the needs of different types of health
professionals [40]. The variation in intention could also be
explained by their different views regarding their role and
responsibilities [46-48]. For instance, although midwives see
their role more as one of “providing information” and letting
the patient decide, physicians more often consider their role as
that of an “advisor” or an “educator” and feel the decision is
their responsibility [48]. These differences reflect differences
in training, philosophy, professional culture, and practice among
the 3 types of health care professionals [46,47]. Researchers,
curriculum developers, and providers of continuing education
should adapt SDM training to the different types of health
professionals.

Fourth, our findings indicate that health professionals’ intention
to use a DA in this context is determined by, in order of
importance, their image of themselves as fulfilling a societal
role (self-identity); the consequent advantages, disadvantages,
and emotions they perceive (attitude); its compatibility with
their moral values (moral norm); their perception of how much
other health professionals use DAs (descriptive norm); and the
regret they perceive they might feel if they do not use it
(anticipated regret). These results align with our earlier
qualitative results regarding these factors [35]. Interventions to
foster the use of a DA for Down syndrome prenatal screening
by health professionals should address these factors, for
example, by introducing the advantages of using the DA
(attitude), spreading the culture of using DAs through social

media (moral norms, self-identity), presenting the use of DAs
as a desirable practice (descriptive norm), and suggesting to
health professionals that they might regret not using it
(anticipated regret).

In addition, three significant underlying beliefs were identified.
One was the belief that it might require more time than planned
for the consultation. In a 2017 Cochrane systematic review of
DAs, 8 out of 10 studies that measured consultation length
reported no significant difference for the DA group compared
with the control group [20]. Further studies are required to
investigate if the use of DA takes more time or not. Key
statements regarding these 3 salient beliefs could be added to
SDM training materials (eg, continuing professional
development course material, videos) to increase health
professionals’ intention to use DAs in clinical practice.

Limitations
This study has a few limitations. First, those who agreed to
participate may have been more inclined to use DAs than those
who did not. Second, the study targeted health professionals in
Quebec, that is, in one health care system, so we cannot infer
that our results are applicable to other health care systems
including those in other Canadian provinces and territories.
Although our results can inspire other efforts, interventions
need to be adapted to each prenatal care pathway. Third, the
invitation to complete the survey was sent to health
professionals’ organizations and personal email lists, and so
calculation of a precise view rate (ratio of unique survey visitors
to unique receivers of survey invitation) was not possible.
Finally, we focused on 3 types of health professionals who are
directly involved in the decision-making process with couples
(family physicians, obstetrician or gynecologists, and midwives),
although other health professionals, such as nurses and
geneticists, are also likely to be involved at some stage of
prenatal follow up and in prenatal screening decisions. Further
studies will be needed to elucidate their specific roles and
beliefs.

Conclusions
On the basis of a theoretical approach to behavior change and
following best practices for conducting Web-based surveys
[28], this study identifies psychosocial factors that could
influence health professionals’ intention to use a DA for helping
pregnant women make informed decisions about Down
syndrome screening, and suggests which factors will need to
be addressed in an intervention to increase their intention. An
earlier study investigating factors influencing intention to use
such a DA among pregnant women observed high levels of
intention, and in this study too, in general, all types of health
professional showed high intention. These combined results, as
well as our new detailed information on what behavioral factors
to address, lead us to suggest that the time is ripe for
implementing an intervention to foster DA use in this context.
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Abstract

Background: The diffusion of health information technologies (HITs) within the health care sector continues to grow. However,
there is no theory explaining how success of HITs influences patient care outcomes. With the increase in data breaches, HITs’
success now hinges on the effectiveness of data protection solutions. Still, empirical research has only addressed privacy concerns,
with little regard for other factors of information assurance.

Objective: The objective of this study was to study the effectiveness of HITs using the DeLone and McLean Information
Systems Success Model (DMISSM). We examined the role of information assurance constructs (ie, the role of information security
beliefs, privacy concerns, and trust in health information) as measures of HIT effectiveness. We also investigated the relationships
between information assurance and three aspects of system success: attitude toward health information exchange (HIE), patient
access to health records, and perceived patient care quality.

Methods: Using structural equation modeling, we analyzed the data from a sample of 3677 cancer patients from a public dataset.
We used R software (R Project for Statistical Computing) and the Lavaan package to test the hypothesized relationships.

Results: Our extension of the DMISSM to health care was supported. We found that increased privacy concerns reduce the
frequency of patient access to health records use, positive attitudes toward HIE, and perceptions of patient care quality. Also,
belief in the effectiveness of information security increases the frequency of patient access to health records and positive attitude
toward HIE. Trust in health information had a positive association with attitudes toward HIE and perceived patient care quality.
Trust in health information had no direct effect on patient access to health records; however, it had an indirect relationship through
privacy concerns.

Conclusions: Trust in health information and belief in the effectiveness of information security safeguards increases perceptions
of patient care quality. Privacy concerns reduce patients’ frequency of accessing health records, patients’ positive attitudes toward
HIE exchange, and overall perceived patient care quality. Health care organizations are encouraged to implement security
safeguards to increase trust, the frequency of health record use, and reduce privacy concerns, consequently increasing patient
care quality.

(J Med Internet Res 2018;20(4):e107)   doi:10.2196/jmir.9014
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Introduction

Background
Today, the health care industry primarily relies on health
information technologies (HITs) such as electronic medical
record (EMR) systems, patient health record (PHR) systems,
and technical devices to deliver patient care services. Despite
the continued diffusion of HITs within the health care sector,
there is no theory explaining how HIT success influences
perceived patient care quality.

Substantial strides have been made to study the success of HITs
and their impact on patient care outcomes such as care quality,
patient satisfaction, patient empowerment, and increased
likelihood of adherence to medications [1-5]. But, with the
increase in data breaches and privacy concerns [6], the success
of HITs is now also contingent on how well the privacy of
patient medical data is secured. There is a scarcity of empirical
research evaluating the success of HITs from the perspective
of information assurance. Information assurance is the
protection of information and information systems, the detection
of threats, and the reaction to threats [7]. Existing research has
not answered the question: how does the success of the
information assurance attributes of HITs influence perceived
patient care quality?

Existing work misses 3 critical components of information
assurance namely—information security beliefs, privacy
concerns, and trust in health information. Information security
beliefs are the perception of the user that data provided to the
organization will be accurate and available. Privacy concerns
are the perceived lack of confidentiality of personal information
provided to the organization. Trust is the perception of the user
that health information provided by the organization is reliable
[8]. From an organization standpoint, organizations increase
security beliefs by enacting security and privacy controls,
undertaking tasks that ensure data accuracy and availability,
and developing controls to protect the confidentiality of user
data [8]. This research advances our understanding of the role
of information security beliefs, privacy concerns, and trust in
health information in a success model of a health care system.
We extend existing research by going beyond the influence of
privacy concerns. We included 2 new determinants of patient
care quality—information security beliefs and trust in health
information.

The objective of this research is threefold; first, we seek to
examine the role of information assurance constructs (ie,
information security beliefs, privacy concerns, and trust in health
information) as measures of HIT effectiveness. Second, we seek
to empirically investigate the critical yet unknown relationship
between information assurance constructs and three aspects of
system success: attitude toward health information exchange
(HIE), patient access to health records, and perceived patient
care quality. Third, our research extends current literature by
extending the DeLone and McLean Information Systems
Success Model (DMISSM) to the information assurance area
in a health care context. We added a new variable to the model
namely—attitude toward HIE.

Prior Literature
Ever since the call for improving patient care quality outcomes
by Institute of Medicine [9]; a growing stream of health care
research has explored the relationship between HIT use and
numerous aspects of patient satisfaction with the health care
organization. The correlates of HIT use include improved care
coordination, enhanced communication between providers and
patients, and increased effectiveness in various measures of
quality outcomes and provider performance [10-16]. Han et al
[12] showed that meeting the objectives of HIT use resulted in
increased patient adherence to recommended diabetes tests and
reduced hospital utilization. Similar findings related to better
medication management and adherence was reported in recent
studies [17,18].

As health care is a service, it is important to understand users’
perceptions of HIT and service quality. Setia et al [19]
theoretically and empirically demonstrate the link between
information quality and service capabilities and performance.
Their findings inform us that improving information quality
enhances the effectiveness of service quality efforts.

A major perception of an HIT by users is information assurance.
Brown et al [20] explain the trade-off between information
privacy controls and patients’access to electronic health records.
They show that obtaining an optimal balance between
information privacy controls and access to patients’ information
primarily requires a clear understanding of the patient. Efforts
for optimizing patient care quality outcomes demand health
care providers to accurately identify patients’ preferences for
privacy to determine the acceptable levels of access to sensitive
health information without violating patients’ privacy. Brown
et al’s [20] work also underscores the importance of privacy
controls in achieving positive patient care outcomes.

In the context of privacy concerns, the existing literature
suggests that privacy concerns influence not only patients’
perceptions of patient care quality but also behavioral intentions
of HIT usage [21-25]. These findings suggest that patient
satisfaction and confidence in using provider-managed
technologies such as EMR and PHR technologies and
nonprovider-managed HITs such as health social networks and
other Web-based health information resources are obtained
through strong perceptions of the effectiveness of security and
privacy controls [26]. In fact, patients often express a preference
for security features in Web-based patient portals [27]. We
extend this body of literature by empirically testing the influence
of information security beliefs, privacy concerns, and trust in
health information; the role of these factors as measures of HIT
effectiveness is currently not well understood. We theoretically
extend existing literature using the DMISSM.

The DeLone and McLean Information Systems Success
Model in Health Care
In this study, we examined the effect of HITs on perceived
health care service quality. Health care is made of HITs and
services that interact together to deliver patient care [28,29].
Because this research investigates the effectiveness of HITs
within health care, it is necessary to adopt a theoretical
framework that can explain how the components interact and
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lead to perceived patient care quality. Thus, we employ the
DMISSM presented in Figure 1 [30]. The DMISSM was
developed to help organizations understand the benefits of
information systems (IS) and how the effectiveness of IS impacts
users and organizations. The model has been widely adopted
to better understand IS success in different contexts [30]. We
limit our discussion of DMISSM to its application in the health
care discipline. The remainder of this section explains how the
DMISSM has been used in previous HIT research.

As shown in Figure 1, the dimensions of success in the model
are information quality, system quality, service quality, system
use or intention to use, and user satisfaction [30,31]. In the
context of patient safety, information quality refers to the
completeness, relevance, accuracy, and timeliness of medical
information; system quality refers to the usability, compatibility,
reliability, and response time of the HIT; and service quality
refers to the technical support and assurance (availability,
integrity, and authenticity) of the HIT as well as the quality of
service received [31]. Patients and health care providers alike,
evaluate HITs in terms of information quality, system quality,
and service quality [32,33], all of which are components of the
DMISSM [30,31]. Beyond just HIT features, a patient’s decision
to use HIT also depends on nontechnical success factors and
facilitating conditions such as behavioral controls and work
processes [34], HIT cost, the individual’s technical background
and skill set, health conditions (eg, visual impairment), and
information privacy concerns [35]. These constructs are
commonly studied along with success measures of perceptions
about the system such as the ease of use, usefulness, and
enjoyment [36]. A large part of the purpose of an HIT is
protecting and improving patient safety [31].

A significant component of HIT is how both HIT functionality
and HIT use by patients influence patient care quality.
Consistent with the DMISSM, HIT has 3 dimensions of quality:
information, system, and service [30,37]. In turn, the perceptions
of the dimensions of quality should positively influence the
intention and decision to use the HIT, which consequently
impacts the perceived benefit to the user. The perceived benefit
to the user in our study is patient care quality. To our knowledge
health care and IS research scholars have not yet made the

critical link between patients’experiences with and perceptions
of HITs and patient care quality outcomes. Existing research
focuses on the relationship between HIT implementation and
health outcomes from a macro level (ie, are there societal
benefits?) [38] but not from a micro level (ie, are there
individual benefits?). Another current gap relates to studying
information assurance variables as dimensions of IS success.
The rife of data breaches and patients’ concern for privacy has
created the need to understand HIT effectiveness from the
perspective of their security. This research addresses the
limitation by studying system quality and service quality in
terms of the effectiveness of information security controls and
information privacy safeguards.

In summary, many papers study the adoption of HITs but stop
short of investigating how patients’ use of HITs affects the
ultimate goal of health care organizations: quality of care (eg,
[39]). Other papers have studied health outcomes in the context
of patient HIT success without statistical analysis [20]. Still,
others have studied the continued use of patient HIT as the
ultimate dependent variable and focus solely on the
technology-of-interest [21]. Papers have also studied the
adoption of HIT by health care providers [40,41]. We build on
this research by empirically testing the effect of patients’
perceptions of HIT quality measures and the impact of patient
care quality.

Contextualized Hypotheses
This research studies the technical and social elements of a
health care system. In the next paragraphs, we develop
hypotheses for the model (see Figure 2).

Patient Care Quality
The ultimate dependent variable and the raison d'être for a health
care system is to increase the quality of life of patients. Closely
akin to the actual quality of care is the perceived quality of care
of the patient. If patients perceive to have received high-quality
care, it is likely that they are actually receiving quality care.
Therefore, patient care quality is a perception of one’s belief
that he or she is receiving the best possible care from the health
care system.

Figure 1. Adapted from the DeLone and McLean Information Systems Success Model.
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Figure 2. The health care system success model. HIE: health information exchange.

The Frequency of Patient Access to Health Records
This variable pertains to the frequency with which the patient
uses the EMR to access his/her health records. Patient
satisfaction has been shown to be positively associated with
access to health records [42]. Under the Health Insurance
Portability and Accountability Act regulation, patients have the
legal right to access their medical records. Health care providers
are increasingly adopting technologies, such as EMRs, to not
only interact with their patients but also comply with
government regulations [43]. According to DMISSM, when
users engage with a system that helps them achieve their goals,
they become more satisfied with the system [44]. It has also
been previously established that patient access to medical
records promotes communication between patients and
physicians, consequently improving the quality of care that the
patient receives [45,46]. Thus, we hypothesize the following:

H1. Patient access to health records increases the
level of perceived patient care quality.

Attitude Toward Health Information Exchange
This variable pertains to the patient’s attitude toward information
sharing among health care providers. A significant enabler of
coordination in a health care system is the ability to share
medical information electronically. Sharing of medical records
facilitates timely delivery of care, which is a benefit for the
patient. Sharing of medical information is, therefore, a valuable
service for patients, as has been shown by researchers [47]. We
argue that because of the value associated with the technical
capabilities of information sharing, patients who support
provider use of EMRs for information exchange may increase
their own access to EMR. Patients are more accepting of HITs
when they perceive the technologies to be beneficial to care
delivery [48]. This acceptance includes patients’ actual use of
HITs and support and endorsement of providers’ use of HITs
[48]. Also, DMISSM explains that information quality and the
service quality of the system increase the intention to use a
system and actual use of the system [44]. Patients who desire
that their health care provider exchange information using HITs
are showing an intention to use EMR and participate in the

health care organization as a whole. Thus, we hypothesize the
following:

H2. Positive attitudes toward HIE increase the
patient’s access to health records.

Privacy Concerns
There is an increasing amount of research related to the privacy
of one’s information [49]. Privacy is especially important with
regard to health care information [35]. People often desire to
keep their EMR out of the public domain. Privacy concerns in
the health care system are part of service quality. According to
DMISSM, service quality increases intention to use and use of
a system [44]. This is because users perceive the system to be
more reliable. Because privacy concerns are a negative measure
of service quality, as privacy concerns increase, use of EMR,
positive attitude toward HIE, and ultimately, perceived quality
of care will decrease. Thus, we hypothesize the following:

H3. Privacy concerns will
1. decrease patients’positive attitudes toward HIE,
2. decrease the frequency of patient access to health

records, and
3. decrease the level of perceived patient care

quality.

Information Security Beliefs
Information security beliefs are related to privacy concerns in
that both deal with the assurance (integrity, availability, and
authenticity) of health information. Information security beliefs
are distinct from privacy concerns because information security
beliefs are the idea that the system is protecting health
information, and privacy concerns are the worry that health
information will not be confidential. Information security beliefs
will decrease privacy concerns. Also, information security
beliefs are part of service quality of the health care system. Just
as privacy concerns influence intention to use and use of the
system, an increase in information security beliefs will increase
use of EMR, positive attitude toward HIE, and ultimately,
perceived quality of care. Thus, we hypothesize:

H4. Information security beliefs will
1. increase patients’ positive attitudes toward HIE,
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2. increase the frequency of patient access to health
records,

3. increase the level of perceived patient care
quality, and

4. decrease privacy concerns.

Trust in Health Information
As a component of information quality, trust in internet health
information increases a user’s expected improved decision
making and positive outcomes [44]. As a user’s expected
improved decision making and positive outcomes increase, the
likelihood that the user will continue to use the system increases.
Thus, as health care system users believe that they are receiving
quality information from the internet, they will continue to
participate in the health care system (as explained by the
DMISSM). Specifically, as trust in internet health information
increases, use of EMR, positive attitudes toward HIE, and
ultimately, perceived quality of care will also increase.
Furthermore, the concept that health information will be
tampered with will decrease. As trust in internet health
information increases, a person’s information security beliefs
will also increase and their privacy concerns will decrease. Thus,
we hypothesize:

H5. Trust in internet health information will
1. increase patients’ positive attitudes toward HIE,
2. increase the frequency of patient access to health

records, and
3. increase the level of perceived patient care

quality.
4. increase information security beliefs and
5. decrease privacy concerns.

Methods

This study employed a structural equation modeling (SEM) of
the Health Information National Trends Survey (HINTS) of
cancer patients to test our hypotheses [50]. SEM was chosen as
the appropriate method because we are simultaneously analyzing
multiple paths and multiple dependent variables, and we have
a large enough sample that use of partial least squares is
unnecessary. We used the HINTS 4 Cycle 4 dataset [50]. The
HINTS datasets are publically available responses to surveys
about health-related topics. Since the dataset is anonymized
public data, there was no need for IRB approval, however, all
data were kept confidential. For full details regarding the method
of survey collection, see National Trends Survey [50]. The
HINTS 4 Cycle 4 survey contained questions related to our
phenomena of interest. Table 1 contains the questions from the
survey with their corresponding construct.

The survey targeted known minority and nonminority
populations. The survey targeted 1 adult per household in
selected areas of the United States. In total, 3677 of 13,996
surveys (26.27%) were completed. Of the participants, 467
(12.70%) were in the age group of 18 to 34 years, 743 (20.21%)
were aged between 35 and 49 years, 1220 (33.18%) were aged
between 50 and 64 years, 637 (17.32%) were in the age group
of 65 to 74 years, 428 (11.64%) were older than 75 years, and
182 (4.95%) did not specify. Of the participants, 2184 (59.40%)
were female, 1424 (38.72%) were male, and 69 (1.88%) did not
specify. Of the participants, 90 (2.45%) had completed less than
8 years of school, 218 (5.93%) had completed 8 to 11 years of
school, 670 (18.22%) had completed 12 years or high school,
806 (21.92%) had some college, 284 (7.72%) had post-high
school training other than college, 889 (24.18%) were college
graduates, 569 (15.48%) had postgraduate schooling, and 151
(4.11%) did not specify.

Table 1. Survey questions.

Survey QuestionConstruct

In general, how much would you trust information about cancer from [the internet]? (Not at all, A little,
Some, A lot)

Trust in internet health information

How confident are you that safeguards (including the use of technology) are in place to protect your
medical records from being seen by people who aren’t permitted to see them?

Having safeguards (including the use of technology) in place has to do with the security of your medical
records. (Very confident, Somewhat confident, Not confident)

Information security beliefs

If your medical information is sent electronically from one health care provider to another, how concerned
are you that an unauthorized person would see it? Electronically means from computer to computer, instead
of by telephone, mail, or fax machine. (Very concerned, Somewhat concerned, Not concerned)

Privacy concerns

Please indicate how important it is that [Doctors and other healthcare providers should be able to share
your medical information with each other electronically]. (Very important, Somewhat important, Not at
all important)

Support for electronic medical record

How many times did you access your personal health information online through a secure website or
app in the last 12 months? (None, 1 to 2 times, 3 to 5 times, 6 to 9 times, 10 or more times)

Patient access to health records

Overall, how would you rate the quality of healthcare you received in the past 12 months? (Excellent,
Very good, Good, Fair, Poor)

Patient care quality
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Results

We tested all the hypotheses in one model (as shown in Figure
2). We used R software [51] and the Lavaan package [52] to
create the SEM to analyze the hypotheses. We performed checks
of goodness-of-fit by checking for a nonsignificant chi-square
and a low root mean square error of approximation (RMSEA)–a
measure of model fit. Our chi-square test was significant (<.001)
indicating other relationships among our constructs not modeled.
The RMSEA was low (.099), indicating that our model fits the
data. We also verified that there were no multicollinearity issues

in two ways. First, we verified that all correlations were below
.80 (they ranged from −0.28 to 0.35) [53]. Second, we ran a
regression of all the constructs to predict perceived care quality
and checked the variance inflation factors (VIF) as well [54,55].
All VIF values were close to 1 (with a range 1.03-1.12) showing
no signs of multicollinearity.

Overall, our extension of the DMISSM to the health care system
was supported. Figures 3-6 diagram the tested relationships a
portion at a time to make interpreting the results easier. Most
of the hypotheses were supported (see Table 2).

Figure 3. Results of H1 and H2. HIE: health information exchange.

Figure 4. Results of H3. HIE: health information exchange.

Figure 5. Results of H4. HIE: health information exchange.
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Figure 6. Results of H5. HIE: health information exchange.

Table 2. Summary of hypothesis testing. HIE: health information exchange.

Supported?Hypothesis

NoH1. Patient access to health records increases the level of perceived patient care quality.

YesH2. Positive attitudes toward HIE increase the patient’s access to health records.

H3. Privacy concerns will

Yes(1) decrease support for electronic medical records

Yes(2) decrease use of patient access to health records

Yes(3) decrease the level of perceived patient care quality

H4. Information security beliefs will

Yes(1) increase support for electronic medical records

No(2) increase patient access to health records

Yes(3) increase the level of perceived patient care quality.

Yes(4) decrease privacy concerns

H5. Trust in internet health information will

Yes(1) increase support for electronic medical records

No(2) increase patient access to health records

Yes(3) increase the level of perceived patient care quality

Yes(4) increase information security beliefs

Yes(5) decrease privacy concerns

Discussion

Principal Findings
The results indicate that increased privacy concerns reduce the
frequency of EMR use, positive attitudes toward HIE, and
ultimately, perceptions of patient care quality. These findings
confirm and extend previous reports of privacy concerns
deterring patients’ adoption of HITs [6]. We also found that
information security beliefs increase positive attitudes toward
HIE and perceptions of patient care quality. There is, however,
an indirect relationship between information security beliefs
and frequency of EMR use through decreasing privacy concerns.
Likewise, trust in health information has a positive association
with positive attitudes toward HIE and patient care quality.
Finally, the results show that patients’ positive attitudes toward
HIE have a positive relationship with patient care quality.

These findings have several practical implications for health
care providers and policy makers. First, it was shown that while
patients’privacy concerns impede their use of HIS and increase
the negative attitude toward HIE and care quality, the perceived
effectiveness of security controls lessens privacy concerns. As
such, health care providers can mitigate privacy and security
concerns by developing more secure privacy safeguards to
prevent security attacks and unauthorized access to information.
Providers must be transparent with patients [56] by providing
clear information about how the security and privacy of patient
data are preserved, under what circumstances data is shared,
and with whom. This level of transparency, combined with
adequate communication may reduce patients’privacy concerns
and reluctance to share information, consequently increasing
HIT adoption and patient care quality. Second, because the trust
of health information is of critical importance to the success of
HIT [8], more attention needs to be paid to solutions for
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increasing patients’ trust. Incorrect information not only limits
the efficacy of HIT and reduces patients’ trust but also
negatively impacts medical decisions [57]. More research is
needed to identify the antecedents of patient trust of health
information in the context of HIT quality. Third, the results
suggest that patients consider information sharing among health
care providers to be a valuable capability in care delivery. In
other words, patients believe that they benefit when their doctors
have the capability to easily exchange information [58]. Entities
within a health care organization are therefore encouraged to
pursue solutions for effective health information exchange. A
key finding is that trust in health information had no direct effect
on EMR use; however, it has an indirect relationship through
information privacy concerns. This shows that trust in health
information lowers patients’ privacy concerns, which in turn,
increases EMR use by patients.

Our research makes the following theoretical contributions: we
extend the DMISSM to a health care system level, above and
beyond looking at one particular technology. We also extend
the model to the information assurance discipline by adding 2
new constructs of system quality: information trust and
information security beliefs.

Limitations
There are several limitations that present an opportunity for
future study. First, the hypothesized model was tested using
secondary data from a national survey of cancer patients. This
limits our findings because the opinions expressed may not
reflect those of patients suffering from other diseases as
suggested in Zhang et al, 2012 [59]. More research is needed
to extend our findings to other patient populations. The second
limitation relates to our measurement of patient care quality;

we used patients’ perception of patient care quality instead of
an objective measure. While this is a limitation, the only way
to get close to capturing care quality objectively is to look at
readmittance data.

Conclusions
In today’s health care organizations, information technologies
have become critical to the provision of medical care.
Meaningful use regulations, combined with the desire to improve
care coordination, reduce costs, and improve patient engagement
all depend on the success of health care technologies. Yet, there
is currently limited understanding of the antecedents of HIS
success. Using the Delone and Mclean Information Systems
Mode l [37], we investigated the relationships between HIT
quality measures and HIT use and the impact of HIT use on
patient care quality. The HIT quality measures we studied
included trust in health information, information security beliefs,
and information privacy controls. We found strong support for
the relationships between information trust and the positive
attitudes toward HIE among providers, and information trust
and frequency of EMR use by patients. The results also showed
that trust in health information and information security beliefs
have a positive relationship with patient care quality, while
privacy concerns reduced patient care quality. The findings have
several theoretical and practical implications. It informs health
care providers and leaders of the critical importance of effective
security controls. While it is known that patients care about
privacy, this research shows that patients care about HIT security
controls as well. Hospitals can, therefore, improve patient care
by implementing effective security and privacy controls. In
addition, health care providers must not only provide access to
medical records but also encourage patients to check medical
records frequently.
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Abstract

Background: The internet offers major opportunities in supporting mental health care, and a variety of technology-mediated
mental and behavioral health services have been developed. Yet, despite growing evidence for the effectiveness of these services,
their acceptance and use in clinical practice remains low. So far, the current literature still lacks a structured insight into the
experienced drivers and barriers to the adoption of electronic mental health (eMental health) from the perspective of clinical
psychologists.

Objective: The aim of this study was to gain an in-depth and comprehensive understanding of the drivers and barriers for
psychologists in adopting eMental health tools, adding to previous work by also assessing drivers and analyzing relationships
among these factors, and subsequently by developing a structured representation of the obtained findings.

Methods: The study adopted a qualitative descriptive approach consisting of in-depth semistructured interviews with clinical
psychologists working in the Netherlands (N=12). On the basis of the findings, a model was constructed that was then examined
through a communicative validation.

Results: In general, a key driver for psychologists to adopt eMental health is the belief and experience that it can be beneficial
to them or their clients. Perceived advantages that are novel to literature include the acceleration of the treatment process, increased
intimacy of the therapeutic relationship, and new treatment possibilities due to eMental health. More importantly, a relation was
found between the extent to which psychologists have adopted eMental health and the particular drivers and barriers they
experience. This differentiation is incorporated in the Levels of Adoption of eMental Health (LAMH) model that was developed
during this study to provide a structured representation of the factors that influence the adoption of eMental health.

Conclusions: The study identified both barriers and drivers, several of which are new to the literature and found a relationship
between the nature and importance of the various drivers and barriers perceived by psychologists and the extent to which they
have adopted eMental health. These findings were structured in a conceptual model to further enhance the current understanding.
The LAMH model facilitates further research on the process of adopting eMental health, which will subsequently enable targeted
recommendations with respect to technology, training, and clinical practice to ensure that mental health care professionals as
well as their clients will benefit optimally from the current (and future) range of available eMental health options.

(J Med Internet Res 2018;20(4):e153)   doi:10.2196/jmir.9485
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Introduction

The internet offers major opportunities in supporting mental
health interventions [1]. A variety of technology-mediated
mental and behavioral health services are available [2,3], with
a growing body of evidence supporting their efficacy (eg, [4-7]).
Over the past decades, a mix of terms and definitions has been
used to describe eletronic mental health (eMental health; eg,
[8-10]). This study will use the term eMental health to refer to
“any delivery of mental and behavioral health services, including
but not limited to therapy, consultation and psycho-education,
by a licensed practitioner to a client in a non-face-to-face setting
through distance communication technologies such as the
telephone, asynchronous email, synchronous chat, and
videoconferencing [8].”

Unique benefits of eMental health tools include increased access
to psychological treatment, convenience, as well as enhanced
self-reflection and increased emotional disinhibition of the client
[9,11,12]. These positive findings, however, are in contrast to
the low adoption (ie, acceptance, uptake and use) of eMental
health by psychologists. Although exact numbers on a national
or international level are scarce, the World Health Organization
reported that in 2015 only a third of its member states indicated
to have at least one program for technology-mediated mental
health services [13]. Moreover, the report shows that most of
these programs have a small scale and consist primarily of pilots
or informal projects.

Multiple studies have been conducted to investigate therapists’
attitudes toward eMental health, and several possible impeding
or facilitating factors for adoption have been identified. A barrier
frequently reported by therapists pertains to the lack of the full
range of nonverbal cues during mediated communication, as
they feel this heightens the risk of misunderstanding and does
not allow for the development of a strong therapeutic
relationship [14]. It has to be noted though that systematic
studies that investigate these concerns are lacking [15]. A major
concern often reported by therapists is how to deal with crisis
situations online (eg, when a client expresses suicidal thoughts)
[16]. Technology-mediated modalities allow clients to
disconnect at any time, without the therapist knowing whether
this is due to technology failure or because the client is in some
kind of crisis, and the therapist is not in the same space to ensure
their safety [17]. Another reason found for therapists’ reluctance
is the risk of clients misrepresenting themselves, as it is harder
to verify an individual’s identity when interacting remotely
[17,18]. Therapists also mention more practical concerns such
as costs of setting up and maintaining the infrastructure,
licensure and jurisdiction constraints, lack of clear ethical
guidelines for practice and confidentiality, patient privacy, and
the potentially detrimental effects of technology failure
[9,14,16,17]. In addition, some studies emphasize the importance
of contextual factors of daily clinical practice such as the level
of knowledge and training, available time and resources,
perceived social norms, forces within the current care system,
and the design and usability of the technological tools
[14,16,19-25]. These factors vary between different mental
health care institutions (eg, whether or not the management of
a mental health care institution has allocated time during

working hours to invest in eMental health), and in this way the
institutional context of a psychologist also has a significant
influence.

Despite these efforts to clarify therapists’ perceptions toward
eMental health, the exact nature of therapists’ reluctance to its
adoption has remained hard to grasp, and as a result, attempts
to increase the uptake and use have not been very successful
[26]. eMental health comprises a new way of working for
psychologists, as they have to integrate new tools into their
existing clinical practice. This requires psychologists to change
their current behavior and adopt new behaviors. There is a vast
body of literature on behavior change and the adoption of
innovations, and multiple theories and models have been
developed in an attempt to understand or explain influencing
factors. Some prominent ones are the diffusion of innovation
theory (DIT) [27], the theory of planned behavior [28], the
transtheoretical model [29], and the technology acceptance
model (TAM) [30]. For extensive reviews of behavior change
and implementation theories, models, and frameworks, see
Davis et al [31] and Nilsen [32].

Some studies have applied these theories to the topic of eMental
health (eg, [14,20,22]), whereas other studies took a more
exploratory approach (eg, [21,23,24,33,34]). However, this
research has mainly resulted in lists of factors that impact the
adoption of eMental health without structuring their relative
weights or considering the influence of individual differences
in practitioners’ willingness and experience to explore and use
technology-mediated therapeutic tools. Moreover, these studies
have mostly employed written questionnaires for data collection,
which afford a large sample size but restrict in-depth
understanding of therapists’ experiences. Another limitation in
studies on therapists’ adoption of eMental health pertains to the
prevalent focus on barriers within those studies. This probably
reflects the relatively large proportion of psychologists who
have not adopted eMental health. Thus, a random sample drawn
from this population, typical for survey studies, includes only
a small percentage of active users and a much larger percentage
of nonusers (eg, [22,34-37]). Although nonusers may still see
advantages in eMental health, it is fair to say that nonusers will
be more focused on barriers to adoption than active users. As
yet, relatively little attention has been given to identifying
perceived drivers, whereas research shows that perceived value
is an important factor in reducing resistance to use a new
technology [38], and some studies even suggest that perceived
benefits are rated as more important than perceived barriers in
the decision to use a novel technology [39,40]. Moreover,
research shows that perceiving a new technology as
advantageous compared with the existing practices is a key
factor in the adoption of an innovation [27]. Hence, this research
employed a stratified sampling strategy that specifically allows
for both potential drivers as well as barriers in adopting eMental
health to emerge.

In addition to its emphasis on barriers, the current literature
tends to present both drivers and barriers as relatively
undifferentiated lists of factors. How these factors combine or
relate to each other and to the level of an individual’s acceptance
and use of technology-mediated therapeutic tools has been
relatively unstudied. A conceptual model describing the
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interrelationship between these factors could lead to a more
structured understanding of the process of technology acceptance
and use in relation to eMental health tools in psychologists’
clinical practice. In turn, these structured insights may help
address and prioritize selected drivers and barriers over others,
thus potentially informing processes of technology development,
interface design and evaluation, professional training and
coaching, targeted clinical use, and organizational embedding
of eMental health tools.

The aim of this study, therefore, was to gain an in-depth and
comprehensive understanding of clinical psychologists’
perspectives on the adoption of eMental health tools. To reach
this objective, the authors will identify both drivers and barriers
and analyze possible relationships among the involved factors
and strive to structure the obtained findings. This will
subsequently enable targeted recommendations with respect to
technology, training, and clinical practice to ensure that mental
health care professionals as well as their clients will benefit
optimally from the current (and future) range of available
eMental health options in mental health care.

Methods

Design
This study adopted a qualitative descriptive approach consisting
of in-depth semistructured interviews with clinical psychologists.
The study consisted of 3 phases. First, a qualitative data
collection and analysis phase was aimed at gathering in-depth
information about the drivers and barriers to adoption of eMental
health from the perspective of clinical psychologists. Second,
based on these qualitative findings, a model was constructed
that captures different levels of adoption of eMental health and
the drivers and barriers related to each level. Third, the model
was validated through the process of communicative validation,
that is, a second round of interviews to examine whether the
model matched the perceptions and experiences of the
participants.

Sampling and Recruitment
The sample consisted of practicing clinical psychologists
working in the Netherlands. A total of 17 individuals were
approached via emails through referrals from contacts in the
health community, of which 12 agreed to participate in the first
part of the study and 11 also participated in the communicative
validation. Ethical approval was granted by the Eindhoven
University of Technology Research Ethics Committee (ID: 581),
and each participant was offered a €12 gift as a small token of
acknowledgment.

The strategy of theoretical sampling was used—a process in
which data are simultaneously collected and analyzed to
determine who to approach next to yield (most) new insights
[41]. The eventual sample size was determined by a saturation

criterion, which is generally defined as the point where no new
themes, findings, concepts, or problems emerged from the data
[42]. This procedure involves the specification of a minimum
sample size for initial analysis and a stopping criterion, that is,
how many more interviews will be conducted without new
information emerging before it is concluded that the point of
saturation has been reached. On the basis of earlier findings,
this study employed an initial sample size of 10 participants,
and a stopping criterion of 2 participants [43]. As no new themes
emerged during the last interviews, the data collection was
terminated after interviewing 12 participants. In contrast to
earlier questionnaire studies, which mostly used convenience
samples, this study used stratified sampling to ensure the
inclusion of clinical psychologists with different levels of use
and experience with eMental health, and to represent a mix of
age, gender, job position, and type of mental health care
institution. Table 1 shows the distribution of these
characteristics.

Procedure of the Interviews
Before the start of the interviews, participants were informed
about the purpose and content of the study and signed an
informed consent form. The interviewer followed a
semistructured interview guide containing a mix of both
open-ended and closed questions. The interview guide consisted
of 29 questions. The topics covered via these questions were
based on findings from previous research described earlier
[9,11,12,14-16,18-25] and pertained to participants’knowledge,
experience and attitudes toward the use of eMental health tools,
covering current use, perceived advantages and disadvantages,
and influences of their working environment. Each interview
lasted between 45 and 60 min. Most interviews were held at the
offices of the participating clinical psychologists or otherwise
in a quiet public space. If preferred by the participant, the
interview was conducted via telephone or video call (2
interviews). With participants’ consent, interviews were
audio-recorded to allow for transcription and subsequent
analysis. All files were stored in a secured location accessible
only to the interviewer.

In the service of the communicative validation, a second
interview was scheduled with the same participants (N=11).
Only one participant could not participate in this second round
due to restricted availability during the time period of the study.
However, because of the diversity of the sample’s
characteristics, the authors believe that this has not compromised
the validity of the results. At the start, all participants were given
a print of the constructed model, a short summary of the results,
and a document with statements about the different levels that
characterized them. The interviewer followed a semistructured
interview guide with questions focusing on the general
impression of the model and whether it matched their
perceptions and experiences. These interviews lasted between
20 and 40 min.
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Table 1. Demographic details of the participants (n=12).

n (%)Characteristic

Age (years)

2 (17)20-30

3 (25)31-40

3 (25)41-50

3 (25)51-60

1 (8)60+

Gender

4 (33)Male

8 (67)Female

Mental health care setting

6 (50)Public

3 (25)Private institution

3 (25)Private practice

Level of use

2 (17)No use

2 (17)Minimal use

2 (17)Passive use

4 (33)Active use

2 (17)Innovative use

Analysis
The interviews were transcribed and analyzed using QSR
International’s NVivo 11 software. The researchers employed
a thematic analysis approach to derive themes in participants’
perceptions of barriers and drivers to accept eMental health.
The transcripts were systematically analyzed using the procedure
outlined by Boeije [44], consisting of 3 phases: open coding,
axial coding, and selective coding, resulting in a list of codes,
categories, and main themes. Commonly used indicators for the
quality of qualitative research are internal validity or credibility,
reliability/dependability, objectivity/confirmability, and external
validity/transferability [45]. This study addressed these criteria
by applying strategies described by Miles and Huberman [45]
and Wester and Peters [46]. Credibility was ensured by
communicative validation. Dependability was established by
performing a coding check on part of the data by an independent
scholar. The interrater reliability was determined at a Cohen
kappa of .78, which is considered substantial [47] and acceptable
for exploratory research [48]. The dependability criterion was
further supported by peer debriefing, which consisted of
discussing findings with peers and colleagues on various
moments during the process. This also enhanced confirmability,
as was providing clear examples of key themes. Finally, to
improve transferability, theoretical sampling was used with the
inclusion of psychologists in various job positions, mental health
care institutions, as well as age and level of adoption of eMental
health. In addition, connecting the results to previous theories
further helps in establishing this criterion.

Results

Qualitative Data Collection and Analysis
The results of the interviews are structured along 4 main themes
that emerged from the thematic analysis: general characteristics
of eMental health, drivers for the adoption of eMental health,
barriers for the adoption of eMental health, and contextual
factors of daily clinical practice. Within these themes, several
subthemes were identified that provide more detailed
information.

General Characteristics of eMental Health
All participants clearly expressed the indispensability of
face-to-face contact for the delivery of their treatment, because
they felt mediated forms of communication lack the subtle signs
in facial expressions, posture, and appearance they believe to
be crucial for an accurate understanding of their client. In line
with this, all participants stated they only wanted to use eMental
health in combination with face-to-face sessions, as a
complement to their treatment. One participant said:

I do not think it can truly be a replacement. Because
the way that people behave and look is
indispensable… I particularly find it a very nice
complement to my treatment. [P3]

Another general point emerging from all the interviews is that
not every kind of eMental health works for every client; it
strongly depends on the client’s specific needs, capabilities, and
preferences, which is clear from the following statement by one
of the participants:
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You have to make eHealth really adapted, customized;
what does that client need, and what fits the specific
situation. [P3]

Factors often mentioned to have an important influence on the
specific utilization of eHealth were the nature and complexity
of the psychological disorder, the client’s age, level of computer
skills, intelligence, and the devices available to the client. This
was evident by what one of the participants expressed:

Not everyone is equally skilled with computers, that
does make a difference too. Then just using the
discussion feature [of the eMental health platform]
is already an accomplishment. [P7]

Besides characteristics of clients, participants also reported
characteristics of therapists that made them more or less suitable
such as the level of computer skills, affinity with technology,
age, and therapeutic approach:

But I have to admit, I do not even use...I am very bad
with computers, so I do not have any experience with
all those online telephone things. So I don’t know how
that would feel in my day-to-day work. [P8]

Perceived Drivers to the Adoption of eMental Health
All participants agreed that one needs to be convinced of the
benefits to adopt eMental health:

If I would know that it would bring something positive
to my clients, then I would definitely be much more
motivated. [P8]

Furthermore, it became clear that beyond being or becoming
aware of the benefits, experiencing them is crucial in decreasing
resistance and developing intrinsic motivation to continue using
eMental health. Reiterating this, one of the participants said:

I become more and more aware of the benefits,
definitely. Especially with my target group, addiction,
I experience that it truly is an addition [to the
treatment]. [P1]

A frequently mentioned benefit was that mediated contact
in-between regular sessions affords a more intimate and personal
therapeutic relationship, because it increases the frequency of
contact between the therapist and client, and in this way
enhances a sense of continuity:

People are making a stronger link with you, like “hey,
you also think about me outside of that room.” And
that is very beneficial to your relationship with
people, they really feel I still exist for them. [P6]

Most participants using eMental health reported that this
increased frequency of contact intensifies the treatment.
Moreover, it stimulates clients to engage in a higher level of
therapeutic activity at home, thus accelerating the therapeutic
process:

eHealth gives you something of an intensifier. People
can work on something every day. [P11]

Several therapists recognized the benefit that both the
technology-mediated interactions between sessions and
heightened client activity at home allow for more consolidated
progress. In addition, the higher frequency of interactions allows

for the introduction of new therapeutic elements during the
actual face-to-face sessions, rather than the repetition of earlier
steps in the process. In the words of one participant:

I notice that they really are much more active at home
and also return to the next session with more to
discuss. Or that they have already thought about that,
whereas with others you have to make them reflect
at that moment itself, and then it is hard sometimes,
then time passes by much quicker and you can make
less progress, whereas when you make them work at
home then you find that you can do much more in the
sessions too. [P9]

Moreover, in some cases eMental health allows for a better
satisfaction of client needs, for example, when it is very
burdensome for clients to travel to the therapist’s office, when
they are abroad, or in cases of illness, pregnancy, or other
limiting circumstances. One participant stated:

I regularly have videoconferences with people with
young children who cannot leave their house, or who
are too ill to come. I also had several people living
abroad, then it is also pretty convenient. [P3]

Although less prominent, several therapists mentioned practical
personal benefits of eMental health, such as increased efficiency
in administrative tasks. Finally, some expressed that their
enthusiasm toward eHealth was mostly due to the new treatment
possibilities offered by eMental health, such as interventions
with virtual reality and biofeedback, enabling them to treat their
clients in ways that were not possible before.

Perceived Barriers to the Adoption of eMental Health
Perhaps the most important barrier reported by participants was
a lack of knowledge and experience on their side with respect
to various aspects of eMental health such as how to integrate
eHealth into their treatments and the possibilities of available
tools. This last point seems to be partly due to the relatively
large—and fast growing—number of available tools, combined
with the lack of a comprehensive overview of the availability,
relevance, and efficacy of technology-mediated therapeutic
tools in their clinical context. This was reflected in the statement
made by one participant:

Sometimes I hear something from a colleague that I
say “oh, is that available? I did not know.” And if I
am not aware of something, then I will not use it. [P7]

Related to this, an important barrier was the strong professional
obligation most participants feel to be an expert in eMental
health before they can apply it in their daily practice, as is
evident from the following statement:

I feel like it does not come across professionally to
set up such an eHealth module with someone if I
would not know exactly how it works. I find that
unacceptable. [P12]

Several participants reported that it would be helpful if they
would receive training and have the opportunity to practice
more with an eMental health platform and try out various tools:
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It would make a big difference if I could practice more
with the system. Because then it becomes familiar,
whereas now it is not. [P12]

As a counterpoint to the advantages of increased availability
through eMental health tools described above, participants
mentioned that being more accessible to clients also comes at
a cost. It may put a higher demand on therapists by increasing
the communication channels they must keep track of and the
times at which they have to make themselves available to their
clients. This is echoed by the following statements by 2
participants:

Now I not only have to watch my email, not only my
phone, but then I also have to watch that Whatsapp.
[P10]

In a way eHealth makes the job more burdensome.
You have to juggle multiple tasks as a mental health
professional. [P4]

Increased accessibility sometimes also increases feelings of
responsibility, especially when dealing with crisis situations.
This issue seems to be complicated by the lack of clear ethical
guidelines and instructions on how to handle these kinds of
situations:

If I am home at night and I read the message that
someone is suicidal, what do I do? So that aggravates
matters, because you feel like you always have to be
available and you also wonder “where do my
responsibilities lie?" [P6]

Both increased availability and sense of moral responsibility
beyond office hours are likely to add to the stress and workload
that therapists experience and may negatively affect the balance
between a therapist’s work and private life.

Furthermore, all participants who were using eMental health
tools experienced some technological issues. Most frequently
mentioned were usability problems such as having troubles with
logging into the system, and functionality issues of the eMental
health platform, for example, the lack of an adequate search
tool to explore the available content. In addition, complaints
with respect to the quality of the videoconferencing technology
were reported frequently.

Contextual Factors of Daily Clinical Practice
An experience that was reported in every interview was a
perceived pressure from managers and health insurance
companies to use eMental health. Some participants expressed
not to be bothered much by this, but for others this caused a
general sense of distrust against management, feeling that their
management’s interest in eMental health was solely driven by
the goal to save money and not because psychologists or their
clients would benefit from it. This elicited strong feelings of
resistance. As one of the participants stated:

That is how eHealth is often looked at, like it is just
a way to claim a two percent or higher hourly rate
from the insurance companies. [P4]

Another common experience was a high pressure on productivity
during work and a lack of organizational support in terms of

time and resources. Participants argued that not having sufficient
time to invest in eHealth during working hours significantly
hinders the implementation of eMental health:

There is nothing that exploring [eHealth] can be
registered as, so then it reduces my productivity rate
and then I think “no, I will not do it. That will only
cost me and does not benefit me at all.” [P12]

Several participants also mentioned the low visibility and
awareness of eMental health during daily practice as a prominent
obstacle to the adoption of eMental health. Some attributed this
to the topic of eMental health not being discussed much among
colleagues or in team meetings:

I just barely encounter it, so then it also fades to the
background more easily. [P9]

eHealth is primarily a topic that is just not that much
discussed. [P8]

As a solution, participants suggested that external triggers and
standard procedures such as automatic reminders would be
helpful to facilitate the adoption of eMental health. In addition,
they mentioned the importance of keeping an open dialogue on
the topic to trigger awareness and reflection upon one’s opinion
about eMental health.

Construction of the Levels of Adoption of eMental
Health Model
The previous sections described sets of drivers and barriers, as
well as contextual conditions that affect the adoption of eMental
health tools. An important insight that emerged across the
various interviews is that although some experiences and
attitudes are common among the entire sample, a strong
differentiation could be seen in the nature and importance of
the various drivers and barriers perceived across the participant
sample; that is, the list of drivers and barriers was not uniformly
or randomly distributed across the interviewees but rather
seemed to be related quite strongly to the actual exposure and
hands-on experiences that people had had regarding eMental
health tools. This is in line with the notion, discussed in the
Introduction, that the adoption of eMental health tools, similar
to the adoption of any technological innovation, requires
psychologists to adopt new behaviors.

A model that seems to be particularly well suited to describe
the process of behavior change to adopt innovative technology
is Rogers’ well-established diffusion of innovations theory
(DIT) [27]. The DIT states that people differ in the time they
need for adoption because of several individual characteristics
and Rogers has distinguished 5 discrete adopter categories from
fast to slow adoption based on these differences. This conception
seems to be applicable to this study, as differences were found
within the group of participants in the extent to which they had
adopted eMental health. On the basis of similarities between
the characteristics of Rogers’ adopter categories and
characteristics of the participants regarding their attitude and
use of eHealth tools, the authors determined 5 levels of adoption
of eMental health (see Table 2).
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Table 2. Adopter categories from Rogers’ diffusion of innovations theory (DIT) and their corresponding levels of adoption of electronic mental health
(eMental health).

Level of adoption of eMental healthAdopter category by Rogers

No useLaggards

Minimal useLate majority

Passive useEarly majority

Active useEarly adopters

Pioneer or innovative useInnovators

When applying these levels of adoption—that is, the extent to
which clinical psychologists had already adopted eMental health
in their clinical practice—clear differences can be found in the
types of perceived drivers and barriers that characterize the
psychologists at the different levels of adoption, as well as
differences in the types of processes required for psychologists
to move from one level of adoption to the next. Developing this
notion, the authors propose the Levels of Adoption of eMental

Health (LAMH) model. This model incorporates the 5 levels
of adoption identified by the authors and links them to the
general characteristics, drivers, barriers, and requirements for
change that were found relevant for each level. These factors
are directly derived from the main themes extracted during the
thematic analysis of the in-depth interviews and hence are
entirely based on the perceptions expressed by the participants.
The final LAMH model is shown in Figure 1.

Figure 1. The Levels of Adoption of eMental Health (LAMH) model.
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The 5 top rectangles in Figure 1 present the 5 levels of adoption,
including a characterizing phrase that the authors formulated
based on the interviews, exemplifying the attitude of a typical
user at each level. The text above the connecting lines between
levels describes the factor that was found to distinguish these
levels. The bars below the rectangles represent factors that
constitute general characteristics, drivers, barriers, and
requirements for change. When a factor is located under a
particular level, this means that it is most important for clinical
psychologists at that level.

Clinical psychologists at level 1 (No use) are generally not
convinced and even skeptical about the advantages that eMental
health can have and are therefore averse to using it. When they
experience pressure by management to do this, it results in a
strong feeling of resistance. Psychologists in this group might
also feel that eMental health does not suit their profession and
show an aversion for computer-mediated communication in
general. Psychologists in this category are further characterized
by a relatively low level of computer literacy and lack of
exposure to eMental health. In accordance with this, use of
eMental health tools is nearly or entirely absent, possibly with
the exception of telephone, and email for administrative
purposes (ie, to schedule an appointment).

At level 2 (Minimal use), clinical psychologists are becoming
convinced that eMental health may carry some advantages,
which is the most important distinction between levels 1 and 2.
However, they are generally unsure how to implement it into
their daily practice. Because their intrinsic motivation is fairly
low, participants do not want to spend a lot of time and effort
in learning to use eMental health. Therefore, there tends to be
a lack of knowledge about the possible ways in which eHealth
can be applied in practice, and the use of eMental health is likely
to be restricted to familiar and easy-to-access tools such as
email, telephone, and instant messaging. Functionality
limitations and usability issues have a relatively large influence
in this group and ease of use of the eMental health tools is a
major requirement. Because applying eMental health tools is
not integrated into their daily practice, psychologists at this
level are prone to maintain their existing way of working and
as a result do not gain the positive experiences that could
increase their intrinsic motivation.

Clinical psychologists at the third level (Passive use) are using
eMental health tools as part of their daily routines. In a positive
situation, this daily use leads to an increased conviction of the
added value of eMental health, as they gather more and more
positive experiences. However, regular use also might confront
them with the challenges and limitations of eMental health such
as the perceived lack of nonverbal communication or concerns
about the pressures and responsibilities associated with being
much more easily accessible. Although members of this group
are generally motivated to use eMental health, they tend to stick
to the applications that are readily available and are not inclined
to actively search for other possibilities, which results in a
limited overview of the entire range of eMental health tools and
limited in-depth knowledge of specific tools. Their use of tools
mostly consists of familiar applications such as email, telephone,
and WhatsApp, or other mobile phone apps that are relatively

well-known, for example consisting of mindfulness exercises.
When easily available, an eHealth platform is regularly used.

Compared with practitioners at level 3, clinical psychologists
at level 4 show a high level of personal interest in the
developments of eMental health and hence have a higher
intrinsic motivation to actively keep track of new developments
in the field of eMental health. The new treatment possibilities
technology-mediated tools offer can act as an additional driver
for this group. They make use of a broad range of tools and are
eager to try newly available options such as virtual environments
or digital games. Most psychologists in this group function as
experts of eHealth within their working environment and might
be one of the few in their team actively using eMental health.
The lack of interest from colleagues may lead to frustration,
and frequent contact with same-level peers is important to
support their positive attitude toward eMental health.

The characteristics of level 5 are largely similar to those of level
4. The most pronounced difference can be described as
entrepreneurship, that is, the initiation of projects to develop
and test new eMental health tools or apply the existing tools in
novel contexts. In addition, the participants in the highest level
might also have a clear vision about major and largely positive
changes they expect eMental health will bring to the field of
mental health care and even society in general, such as the
enabling of personalized care and the opportunity to use gathered
data for preventive measures.

Communicative Validation
In the second round of interviews, a communicative validation
of the LAMH model was performed to evaluate whether the
model matched the perceptions and experiences of the
participants and refined it. When the LAMH model was
presented first without any introduction, all participants reported
that they considered the model a clear representation and felt
that they recognized the displayed differences in adoption of
eMental health from their experiences in daily clinical practice.
When asked to which level they would classify themselves, all
participants were able to categorize themselves to 1 level or in
between 2 consecutive levels. This self-classification rarely
diverged from the classification a priori made by the interviewer
(ie, never more than 1 level higher or lower), based on the
interview data. In the few cases (N=3) where there was a small
divergence between interviewer classification and
self-classification, the self-classification was always in the
direction of higher acceptance of technology—that is, toward
a higher level in the model. In general, participants agreed with
the factors in the model, in particular those that were shared by
all groups or those related to their own level:

I think these levels reflect the current situation very
aptly, the different phases that you can be in and the
barriers you experience. [P12]

On the basis of the results, a few relatively minor adaptations
were made to the LAMH model; some elements were added or
removed, and some of the elements were rephrased to better
match participants’ experiences. With respect to the layout of
the model, some of the elements were reordered and lines were
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added to make it easier to understand. Figure 1 shows the final
LAMH model.

Discussion

Principal Findings
Technology-mediated therapeutic tools have great potential in
supporting the clinical practice of psychologists, and there is a
substantial and growing evidence base in support of the efficacy
of eMental health. However, at present, such tools are being
underused in clinical practice, with only a minority of mental
health care professionals and organizations employing a strategy
to implement and use these new technologies. The discrepancy
between the promise of eMental health tools and the documented
reality of their use raises the following questions: why have
these tools not been embraced more fully, what are the
underlying barriers that hinder the adoption of eMental health
tools, what are the perceived drivers that would help increase
the acceptance and use of such tools, and How can these factors
be structured in a way that improves systematic understanding?
This study was aimed to elucidate these questions. In this
context, research on technology acceptance provided a useful
lens through which the drivers and barriers that clinical
psychologists report could be analyzed and structured. On the
basis of this, the authors developed a conceptual model for
understanding the adoption of eMental health tools.

To arrive at these insights, this study utilized a qualitative
descriptive approach consisting of in-depth interviews with
clinical psychologists. The results indicated, first, that all
participants consider a minimum amount of face-to-face contact
vital to the quality of their treatment and stress the importance
of basing their choice of eMental health tool on the needs and
capabilities of the specific client. A major driver to the adoption
of eMental health for psychologists is the belief and personal
experience that eMental health can be beneficial for them or
their practice, as it increases intrinsic motivation to use eMental
health. Perceived benefits consist of the improvement of the
therapeutic relationship, acceleration of the treatment process,
increased satisfaction of client needs, personal benefits for
therapists, and new treatment possibilities. Barriers that are
most frequently reported are as follows: lack of knowledge and
experience, increased demands due to increased accessibility,
and technological issues. Furthermore, several contextual factors
in daily clinical practice emerged as impeding factors to the
adoption of eMental health, most notably lack of time and
resources, feeling forced to use eMental health, and low
visibility and awareness of eMental health.

Many of our findings are in line with results from previous
research on the adoption of eMental health. Earlier studies also
found lack of knowledge and experience, limited time and
resources, and technological issues to be the most important
impeding factors (eg, [9,14,37]. A barrier not highlighted in
previous research pertains to the perceived increase of work
demands caused by increased accessibility and a sense of moral
responsibility beyond working hours implicated by the use of
eMental health tools. However, such increased expectations and
responsibilities associated with the use of new communication
technologies have been identified outside the realm of mental

health care, for instance in work focusing on social awareness
systems within domestic settings [49,50]. In contrast to earlier
work reporting that psychologists are influenced by social
pressure from colleagues to reject eMental health [14,19], this
study found that the general attitude in the workplace seems to
be rather more disinterested than judgmental, as the topic of
eMental health is rarely being discussed. In other words, in the
context of day-to-day work pressures, exploring eMental health
tools has a relatively low priority and visibility.

Compared with prior work in this area, this study puts a greater
emphasis on the identification of drivers to the adoption of
eMental health. Practitioners’ belief in the beneficial outcomes
of eMental health is a key driver of its adoption. Such a
benefit-driven approach is not uncommon in the motivated
acceptance and use of new communication technologies and
resonates with earlier studies pointing to the importance of users
perceiving benefits of an innovation as a precondition of use
[39,40]. The results suggest that clinical psychologists perceive
the acceleration of the treatment process as a primary advantage.
One plausible factor causing this acceleration, suggested by
various participants in this study, is that mediated contact
in-between regular sessions intensifies the treatment and affords
a more intimate and personal therapeutic relationship. This
explanation is in line with research suggesting that higher
session frequencies are related to faster clinically significant
gains in recovering from psychological distress [51].

In addition, although previous studies on therapists’ attitudes
regarding eMental health have mainly resulted in an
undifferentiated list of barriers and drivers, this study is the first
to recognize a systematic relationship between the extent to
which psychologists have adopted eMental health and the
particular drivers and barriers they experience. On the basis of
this insight, the LAMH model was developed that incorporates
these differences. The model distinguishes 5 levels of adoption
of eMental health and the corresponding drivers and barriers
perceived by psychologists, determined based on several
characteristics regarding their attitude and use of eHealth. At
the heart of the LAMH model is the proposition that the
willingness and ability of clinical psychologists to use
technology-mediated therapeutic tools within their clinical
context is contingent on the extent to which specific
informational, motivational, technical, and organizational
barriers at different stages are overcome and that specific drivers
are present that will motivate and support the adoption process.
Each level of adoption has a set of associated drivers, barriers,
and requirements for change specific to that level. Although
some barriers may be detrimental to adoption across all levels
of the LAMH model—for example critical functionality
limitations or severe usability problems associated with the
eMental health tools—the model nevertheless assumes that
lower level drivers and barriers will not be as relevant to higher
levels of adoption, and vice versa. For example, at the levels 4
(active use) or 5 (innovative use) of the LAMH model, one
would not expect that professionals experience a lack of
knowledge about eMental health—a barrier that is typically
found at lower adoption levels. Similarly, at level 1 (no use),
one would not expect professionals to entertain a positive future
vision on the role of eHealth in mental health care—a driver
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that does characterize professionals at level 5 (innovative use).
The model also reveals that psychologists having lower levels
of adoption experience relatively more barriers than drivers,
whereas this balance shifts to the opposite for higher levels,
which in turn could result in an increase of intrinsic motivation
to continue or even expand the use of eMental health tools.

At any point in time, the LAMH model could be applied to
determine the momentary level of adoption of eMental health
by an individual mental health care professional, for example,
to gauge individuals’ readiness to accept new
technology-mediated therapeutic tools or to support
organizational decision making when choosing a strategy to
implement these innovative technologies. From the LAMH
model, it can be inferred that interventions to increase adoption
should be tailored to the practitioners’ individual level of
adoption of eMental health. Even stronger, the model can be
practically applied by informing how this level can be influenced
on a much more specific level than was previously possible by
enabling the development of interventions that are tailored to
one’s level of adoption, hence targeting the specific barriers
and drivers that are experienced. In addition, the model can be
used to facilitate discussions among mental health care
professionals about eMental health by forming a recognizable
starting point and providing a shared language.

However, the model can also be conceptualized as a dynamic
description of the process and stages of change. By
distinguishing different levels of adoption and corresponding
relevant drivers and barriers, the LAMH model enables
examining the transitions between the levels, how these factors
vary for different transitions, and their influence relative to each
other. Besides relating specific drivers, barriers, and
requirements for change to one’s level of adoption, the results
can also be structured into various dimensions that are at play
in the adoption of eMental health such as compatibility with
the current way of working, personal innovativeness, usability
of technology, and organizational support. Moreover, the results
suggest that these dimensions play a different role for different
levels of adoption. Clustering the themes in this way thus
provides another view on the factors that influence this process.
The gained insights could be further expanded by investigating
how the levels of adoption of eMental health defined in this
study relate to the existing models describing processes of
behavior change and implementation that use similar dimensions
such as the DIT [27] and the TAM [30].

Following the construction of the LAMH model, a questionnaire
is currently under development that will allow fast and easy
assessment of the level of adoption of eMental health by mental
health care professionals. Such an instrument will be a powerful
tool in conducting research on larger samples of clinical
professionals and relating levels of adoption to, among others,
specific therapeutic approaches, technological innovations, and
organizational contexts.

Limitations
A study of this kind has a number of limitations. Even though
the participants in this study were carefully selected to comprise
a representative sample of clinical psychologists, a limitation
of this study is that it consisted of in-depth qualitative research
with a small sample compared with most of the conducted
studies with a quantitative approach. Conducting studies with
larger sample sizes (enabled by the use of the assessment
instrument that is being developed) will allow for further
validation of the LAMH model. Moreover, although many of
our insights are likely to hold true for the larger population of
mental health care professionals, there may be subtle differences
in experienced drivers and barriers across different mental health
care occupations, which include psychotherapists, clinical
psychologists, psychiatrists, and psychiatric nurses. This will
be a subject for future investigations. Finally, although during
the communicative validation phase of the study most
participants agreed to their LAMH classification, few small
divergences could be observed. These divergences pointed in
the direction of a higher technology acceptance level, which is
suggestive of a potential small social desirability bias; that is,
it may be more desirable to come across as technology-savvy
and open to technological innovations in mental health care.
Although only a minor potential effect in our study, it is an issue
that researchers need to be aware of when investigating
technology acceptance among highly trained professionals.

Conclusions
By studying the adoption of eMental health tools by clinical
psychologists, this study contributes to their effective use,
supporting the availability of timely, high-quality,
well-integrated mental health care. The mediated nature of these
tools has many well-documented advantages that serve this
purpose, which makes the low utilization of eMental health a
challenge that urgently needs to be addressed and resolved. This
study addresses this need as it aimed to produce a more
comprehensive and systematic understanding of this problem
space. This goal is achieved by clarifying both barriers and
drivers, several of which are new to the literature. In addition,
the authors identified a relationship between the actual level of
adoption and level-specific drivers and barriers and subsequently
structured the obtained findings through the construction of the
LAMH model. In this way, the authors hope to advance the
existing insights into the specific drivers and barriers relevant
for specific groups of mental health care professionals. In turn,
these insights will inform processes of technology development,
interface design, professional training, clinical use, and
organizational embedding of eMental health tools that enable
reaching the full potential of eMental health. Eventually, this
is likely to bring significant improvements to the quality and
efficiency of mental health care practice, from which both
professionals and clients will benefit.
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Abstract

Background: Patients with eating disorders are characterized by pathological eating habits and a tendency to overestimate their
weight and body shape. Virtual reality shows promise for the evaluation and management of patients with eating disorders. This
technology, when accepted by this population, allows immersion in virtual environments, assessment, and therapeutic approaches,
by exposing users to high-calorie foods or changes in body shape.

Objective: To better understand the value of virtual reality, we conducted a review of the literature, including clinical studies
proposing the use of virtual reality for the evaluation and management of patients with eating disorders.

Methods: We searched PubMed, PsycINFO, ScienceDirect, the Cochrane Library, Scopus, and Web of Science up to April
2017. We created the list of keywords based on two domains: virtual reality and eating disorders. We used the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses to identify, select, and critically appraise relevant research while minimizing
bias.

Results: The initial database searches identified 311 articles, 149 of which we removed as duplicates. We analyzed the resulting
set of 26 unique studies that met the inclusion criteria. Of these, 8 studies were randomized controlled trials, 13 were nonrandomized
studies, and 5 were clinical trials with only 1 participant. Most articles focused on clinical populations (19/26, 73%), with the
remainder reporting case-control studies (7/26, 27%). Most of the studies used visual immersive equipment (16/26, 62%) with a
head-mounted display (15/16, 94%). Two main areas of interest emerged from these studies: virtual work on patients’ body image
(7/26, 27%) and exposure to virtual food stimuli (10/26, 38%).

Conclusions: We conducted a broad analysis of studies on the use of virtual reality in patients with eating disorders. This review
of the literature showed that virtual reality is an acceptable and promising therapeutic tool for patients with eating disorders.

(J Med Internet Res 2018;20(4):e157)   doi:10.2196/jmir.7898
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Introduction

Patients with eating disorders are characterized by pathological
eating habits and a tendency to overestimate their weight and
body shape, according to the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5) [1] and the
International Classification of Diseases, Tenth Revision [2].
Eating disorders are associated with severe medical and
psychological outcomes [3], a high risk of death [4,5], and high
public health costs [6]. Prevention programs, such as media
literacy and psychoeducation, have been put in place to limit
these consequences [7]. A large American retrospective survey
[8] found prevalences of 0.9% for anorexia nervosa, 1.5% for
bulimia nervosa, and 3.5% for binge eating disorder among
women and prevalences of 0.3%, 0.5%, and 2%, respectively,
among men. These rates were based on the fourth edition of the
DSM and would be higher with the application of DSM-5
criteria [9].

International guidelines from the UK National Institute for
Health and Care Excellence [10] and the American Psychiatric
Association [11] recommend the psychological management
of patients with eating disorders, mainly cognitive behavioral
therapy (CBT) approaches. The choice of psychotherapy is
made according to the patient’s preference; his or her social
support, age, and motivation; and the stage of the disease.
According to the recommendations of the World Federation of
Societies of Biological Psychiatry [12], there is no specific drug
therapy for eating disorders. The perceptual component of a
person’s body image is addressed during the psychotherapeutic
follow-up, with the possible use of photography or video;
however, there is a lack of consensus on the media that should
be used. Virtual reality (VR) is one possibility.

VR can be defined as a computer technology that reproduces a
real or imaginary environment and that simulates the user’s
presence in that physical environment, with which the user can
interact through engagement of his or her senses (sight, touch,
hearing, and smell). VR has been assessed in mental health
conditions [13-15] for the rehabilitation of patients with
schizophrenia [16], for the treatment of posttraumatic stress
disorder symptomatology [17], or for the management of phobic
disorders [18]. VR exposes users to interactive 3-dimensional
environments that simulate a specific situation [19] and, through
guided imagination, overcomes the disadvantages of exposure
to a real-life situation, including a possible lack of control over
participants’ thoughts and imaginative difficulties [20]. Exposing
patients to VR allows delivery of therapy in a form that they
may find more acceptable [21]. The virtual environment makes
it possible to control the unexpected and to be exposed in a safe
environment to certain fears that may be difficult to reproduce
in real situations [22], and it affords a greater degree of
confidentiality [18]. The main limitations of this technology
are the insufficient number of therapists trained in its use, side
effects such as “simulator sickness” [23,24], and the high cost
of equipment.

Technological advances have made it possible to improve VR
techniques, which has led to an increasing number of studies
on this subject. However, the latest literature reviews on the use

of VR for eating disorders were conducted in 2012 [25-27]. A
more recent review of the literature on the use of VR in general
psychological treatment of mental illness [13] did not include
keywords or derivatives of “eating disorders.”

To better understand the value of this technology, we reviewed
the literature including clinical studies proposing the use of VR
in patients with eating disorders. The objective of this study
was to provide a thorough review of the applications of VR in
patients with eating disorders.

Methods

We used the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [28] to identify, select, and
critically appraise relevant research while minimizing bias.

Search Strategy
We extensively searched PubMed, PsycINFO, Science Direct,
the Cochrane Library, Scopus, and Web of Science up to April
2017. We based the list of keywords on two domains: virtual
reality and eating disorders. A search strategy was constructed
using the Boolean operators AND and OR and applied in the
Medical Subject Heading, title, and abstract fields. The
keywords and search strategy we used were (virtual reality OR
virtual environment OR immersive reality) AND (eating
disorders OR anorexia OR bulimia OR disordered eating OR
binge eating disorder) in any language, but referenced in the
selected databases and meeting the inclusion criteria. To limit
the risk of selection bias, we applied no restrictions in terms of
article type or clinical population. We did not include serious
games, defined as video games with a pedagogical, diagnostic,
or therapeutic interest, in the search terms because these do not
necessarily rely on immersive VR technology. We excluded all
articles not written in English.

Study Selection
We included randomized controlled trials and nonrandomized
studies. The primary end point was the collection of studies
using VR for eating disorders, specifically articles that addressed
the use of VR techniques in an eating disorder sample only, in
comparison with either another treatment condition or a control
group. We excluded studies without a clinical population and
theoretical articles presenting an application of VR without final
results. We also excluded studies exploring the use of serious
games, without the use of VR, for these disorders.

Data Extraction
We screened each study and extracted data independently using
standard forms. The following information was extracted from
each study: first author’s last name, publication year, and
country; study design; population analyzed; number of patients;
evaluation scales used; study objectives; study protocol; and
study results.

Results

Figure 1 shows the PRISMA flowchart summarizing the stages
of the review. The initial database searches identified 311
articles, 149 of which we removed as duplicates. Following
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review of the titles and abstracts, we excluded 119 articles. We
downloaded the remaining 43 articles for full-text review,
following which we excluded an additional 17 articles: 7 articles
presented a protocol without results; 3 studies evaluated healthy
participants; 2 articles were not entirely in English; 2 articles
reported studies already included; 2 studies reported preliminary
data; and 1 study described a serious game without VR. We
analyzed the resulting set of 26 unique studies that met the
inclusion criteria.

Multimedia Appendix 1 [29-54] presents the results of this
review in a descriptive way and in the form of a table.

Study Authors, Year of Publication, and Country of
Origin
The team of Riva et al [29-36] produced approximately one-third
of the included articles (8/26, 31%). The last literature reviews
on this subject [25-27] included articles that were published up
to 2010. Since then, 12 (46%) articles included in our selection
were published, suggesting an increase in interest in using these
new technologies for patients with eating disorders (Figure 2).

All the selected articles were from European teams and 2
countries are the most represented in this literature review: Italy
(14/26, 54%) and Spain (11/26, 42%); the remaining study was
conducted in the United Kingdom.

Study Design, Population, and Sample Size
Concerning the study methodologies, 8 studies were randomized
controlled trials, 13 were nonrandomized studies, and 5 were
clinical trials with only 1 participant. Most articles focused on
clinical populations (19/26, 73%), with the remainder reporting
case-control studies (7/26, 27%). Most participants were female
(24/26, 92%); only 2 studies included mixed samples (male and
female). The clinical populations observed in this literature
review were heterogeneous from a diagnostic point of view in
15 studies (58%). The other studies targeted specific disordered
eating: obese patients without psychiatric comorbidities (n=6,
23%), anorexia nervosa (n=3, 12%), and binge eating disorder
(n=3, 12%). The numbers of patients varied from single case
studies (5/26, 19%) to larger samples of more than 100 patients
(8/26, 31%).

Figure 1. Flow diagram of study selection. MeSH: medical subject headings.
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Figure 2. Number of articles included in the review by year published.

Technology Used
Most of the studies used visual immersive equipment (16/26,
62%) with a head-mounted display (15/16, 94%). One study
used a cubic immersive room with the projection of a virtual
environment on the walls (cave system). A total of 7 studies
used audio stimuli in combination with visual kinematics to
allow user–virtual world interaction and gradual exposure to
high-calorie food stimuli associated with chewing sounds or
comments on ingested foods. Also, only 1 study used
visual-tactile stimulation complemented with immersive
material, which included an obese patient to test the effect on
her assessment of her body measurements.

Objectives of the Studies
Two main areas of interest emerged from these studies: virtual
work on patients’ body image (7/26, 27%) and exposure to
virtual food stimuli (10/26, 38%). Some study protocols
analyzed both of these fields (6/26, 23%). A total of 15 (58%)
studies had a primary therapeutic objective; 11 (42%) studies
evaluated the users’ tolerance of the protocol and their emotional
reactions during the VR immersion. Multimedia Appendix 1
presents the main results.

Discussion

Principal Findings
We conducted a broad analysis of studies on the use of VR in
patients with eating disorders. This review of the literature
showed an increase in interest in using these new technologies
for patients with eating disorders, with 26 articles. Since the
last reviews of the literature dealing with this topic, 12 articles
have been published, testifying to the always-present interest
in this technology. Commercialized VR technology is
increasingly accessible to the general public, and medical
research, especially in mental health, is increasingly using this
new tool, with diagnostic, therapeutic, and preventive aims. The
use of VR in the evaluation or treatment of patients with eating
disorders is being led by European teams.

It is difficult to interpret the results of this research because of
the heterogeneity of the populations studied, the studies’
objectives, and the content of the VR protocols. Many studies
drew conclusions without differentiating the subtypes of
disordered eating, with low sample sizes.

This review of the literature nevertheless allows us to discuss
certain aspects of this field of investigation.

Virtual Reality, an Acceptable and Effective
Therapeutic Tool
Some studies with medium- and long-term follow-up showed
less loss to follow-up with a VR protocol compared with other
groups [38,54]. This can be explained by the attractiveness of
new technologies and exposure to stimuli in a virtual
environment in the presence of a therapist. Starting therapy
could help foster a therapeutic alliance, an active participation
in a process of change. Several studies observed patients’
increased motivation for change [31,32,37,55].

The use of a VR module in addition to CBT showed greater
efficacy in the main variables analyzed in comparison with
control groups [36,52] or CBT alone [29,30,35,38,43,44,54].
European [56] and American [11] guidelines recommend the
use of CBT in the psychological care of bulimia nervosa and
binge eating disorder. CBT is considered one of the solutions
for psychological interventions in patients with anorexia nervosa
[11,56,57]. CBT approaches are recommended for patients with
obesity [58]. Thus, CBTs are valid therapies in for patients with
eating disorders and are viable for a comparative judgment of
the effectiveness of a new approach.

These results are, however, to be qualified by certain limits
cited by this research. Samples of the studies were small due to
recruitment difficulties presented by the low frequency of these
disorders. The difficulties that certain populations, such as those
with anorexia nervosa, have in engaging with care may also
explain this result. Most of this research evaluated a female
population, which is explained by the female predominance of
eating disorders [3]. Also, the lack of controlled randomized
clinical trials leads us to be cautious in interpreting these results.
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All of the studies were developed by European teams, notably
by Riva’s team. It is surprising that there were no studies of
North American origin due to the socioeconomic impact of
these pathologies on this continent [6]. Similarly, most of the
technologies used to enable immersion in the virtual
environment have been developed in the United States. The
predominance of Riva’s research team may also be related to
an interpretation bias in the final analysis of the articles.

Theory of Maintenance of the Perturbations of Body
Image
Some studies [37,42] advanced assumptions on the maintenance
of pathological disorders. The hypothesis developed to explain
the perturbations of body image in patients with eating disorders
is the allocentric lock hypothesis [59,60]. Body image disorders
in patients with eating disorders are related to a deficiency in
their ability to update their negative body image stored in their
memory (allocentric function) with sensory motor and
proprioceptive inputs in real time (egocentric function). In
patients with anorexia nervosa, this deficit is related to an
involvement of the lower parietal lobe and precuneus, the gyrus
of the inner surface of the parietal lobe of the cerebral cortex
[61]. This hypothesis could also apply in patients with obesity
[62]. The use of VR could make it possible to unblock this
transmission [63]. The theory of objectification as a specific
cognitive process is cited to understand these perturbations: a
person internalizes an objectified self-image when they use a
reference allocentric frame (observer mode) to recall the events
in which they evaluate themselves on the basis of body
appearance [64].

Virtual Environments for Patients’ Disorders
The validity of using a virtual environment in a population can
be judged by the individual’s emotional reactions. Unique
exposure to virtual food stimuli increases anxiety and changes
mood [45,47,49-51,53], reproducing physiological reactions to
a real situation. Similar emotional reactions were found between
exposures to real and virtual foods [49]. The repetition of VR
sessions with modules of exposure to food stimuli and
silhouettes of the patient or mannequin reduces negative
emotions [29,34,46,54], by progressive attenuation of the
anxiogenic response.

Nevertheless, one may question the relevance of the results of
certain studies [50,51,53] whose objective was to evaluate
emotional reactions in a virtual environment. The use of an
evaluation tool such as the Barcelona Depression Questionnaire,
a self-questionnaire of low scientific validity measuring
variations in depressed mood, warrants interpreting these
conclusions cautiously.

Limitations
This analysis of the literature had some limitations. It excluded
studies with a nonclinical population—these typically described
the use of VR with objectives of acceptability and tolerance, to
be reproduced later with clinical samples. We excluded from
the analysis those articles proposing a VR study model on eating
disorders without final results, as well as meeting abstracts and
a protocol using a serious game, without immersive material,
to evaluate impulsivity in bulimic patients [65].

In the bibliographic search, we did not use the term obesity.
Indeed, according to international classifications recognized in
psychiatry [1], obesity without psychiatric comorbidities is not
part of the spectrum of eating disorders. Certain psychiatric
pathologies belonging to this spectrum (binge eating disorder)
can result in weight gain up to obesity [3]. The lifetime
prevalence of obesity in patients with eating disorders is
estimated at 28.8% [66]. In the final analysis, because of this
frequent association, we included articles with obese
participants.

Conclusion
VR is increasingly being applied in the evaluation and
management of patients with eating disorders, with a recent
increase in articles being published. This technology, when
accepted by this population, allows patients to be immersed in
virtual environments that are adapted to their psychological
state, causing reactionary emotions as in real life, in a safe
environment, under the supervision of a therapist. Upcoming
technical improvements of VR will also provide a better sense
of presence. Overall, VR techniques enable the evaluation of
pathological eating behaviors and body image distortions. In
addition to CBT, use of VR techniques by patients with eating
disorders decreased their negative emotional responses to virtual
food stimuli or exposure to their body shape.
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CBT: cognitive behavioral therapy
DSM: Diagnostic and Statistical Manual of Mental Disorders
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
VR: virtual reality
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Abstract

Background: In this digital era, eHealth literacy is an essential skill set to leverage health information available online to
promote health outcomes. South Korea has an advanced health information technology infrastructure, including widespread use
of the internet and mobile phones. A few studies have explored eHealth literacy in South Korea using translated versions of the
eHEALS; however, they were not fully validated. A unified reliable and valid assessment tool is critical to assess and enhance
the eHealth literacy level across the population.

Objective: The aim was to develop a Korean version of eHealth Literacy Scale (K-eHEALS) and evaluate its reliability and
validity employing healthy young adults in Korea.

Methods: The K-eHEALS was developed based on eHEALS, a widely used tool that measures eHealth literacy, and was
validated using a sample of 500 young adults recruited from a pool of a Korean internet survey panel. Content validity was
assessed using the content validity index (CVI) for individual items and for scale. Construct validity was examined using exploratory
factor analysis and hypothesis testing. The Cronbach alpha coefficient was used to determine the internal consistency and the
Pearson correlation coefficient was used to evaluable the stability of the measure (n=55).

Results: Both individual and scale CVIs were acceptable (individual CVIs>0.67; scale CVI=0.83). Single factors accounting
for 50.3% of the variance in the scales were extracted revealing the unidimensional latent structure of K-eHEALS. Hypothesis
testing showed significant association between eHealth literacy and hours of internet use per day, supporting the construct validity.
Items of the K-eHEALS were internally consistent (Cronbach alpha=.88) and stable over a 1-month period (r=.754, P<.001).

Conclusions: The findings of this study suggest that K-eHEALS is a valid and reliable measure of eHealth literacy in Korean
young adults. Additional studies are needed with more diverse groups of adults in Korea.

(J Med Internet Res 2018;20(4):e138)   doi:10.2196/jmir.8759

KEYWORDS

eHEALS; eHealth; literacy; reliability; validity

Introduction

In this digital era, the internet and mobile devices are integral
to our daily life and the majority of the population uses the
internet and social media to find health information [1]. Literacy
in eHealth is an essential skillset to leverage these resources

and produce better outcomes [2]. The eHealth Literacy Scale
(eHEALS) is a measure to assess eHealth literacy initially
developed in Canada by Norman and Skinner [3]. It is based
on the Lily model that outlines six core literacies: (1) traditional
literacy, (2) health literacy, (3) information literacy, (4) scientific
literacy, (5) media literacy, and (6) computer literacy. The
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validity and reliability of eHEALS have been evaluated in
numerous age groups and it has been translated globally [4-12].
However, the existing Korean versions of eHEALS
(K-eHEALS) are limited in the number of items translated for
use or have not been tested for their reliability and validity.

Korea has advanced health information technology infrastructure
including widespread use of the internet and mobile phones
[13,14]. In Korea, the concept of health literacy was introduced
in the 2000s and a Korean health literacy assessment tool was
first developed in 2005 [15]. This tool, Korean Health Literacy
Assessment Tool, was developed by translating and modifying
the Rapid Estimate of Adult Literacy in Medicine (REALM)
[16] in the context of Korean culture [15]. More recently, the
most frequently used tools were the Korean version of REALM,
Test of Functional Health Literacy in Adults, and Newest Vital
Sign [17]. These tools, however, are limited in assessing eHealth
literacy.

A few studies have explored eHealth literacy in Korea. For
example, Lee et al [18] examined how eHealth literacy affects
communication between patients and doctors. Cho et al [19]
examined the effects of cognitive factors including eHealth
literacy on the health app use. More recently, eHealth literacy
was assessed among nursing students in Korea [20] and
relationships between eHealth literacy and health behaviors
were examined in Korean adults [21]. These studies used a
translated version of eHEALS [3] to measure eHealth literacy.
The translated version of the eHEALS used in those studies,
however, was not fully validated [18,20,21]. Not having a
reliable and valid Korean version of eHealth literacy scale can
significantly limit eHealth literacy in Korea that is necessary
to optimize the development of interventions aimed at promoting
eHealth literacy. This highlights the importance of having a
unified and reliable assessment tool to compare eHealth literacy
levels across the population. Thus, the purpose of this study
was to develop a full eight-item K-eHEALS and evaluate its
reliability and validity among healthy young adults in Korea.

Methods

Design
In this study, we translated eHEALS and tested the psychometric
aspects of the measure using a survey. The initial data collection
was conducted from September 5 to 16, 2016. To test the
stability of the measure, another wave of the survey was
conducted from October 3 to 10, 2016.

Participants
The study participants were recruited (N=500) from a pool of
registrants of Banana Lab, a Korean internet survey panel
service agency. The survey was conducted using SurveyMonkey
(SurveyMonkey Inc, Palo Alto, CA, USA). Banana Lab is an
exclusive survey panel service agency working with
SurveyMonkey Korea that had approximately 437,511
voluntarily registered participants in 2016. The sample size was
determined based on previous studies that used a subject-to-item
ratio greater than or equal to two or a sample size greater than
or equal to 100 to validate a scale [22]. Potential participants
who met inclusion criteria (younger adults aged 20-39 years in

South Korea) received an email asking to respond to an online
survey. A proportioned quota sampling by sex and age was used
to minimize selection bias. For equal distribution of the younger
adults, we recruited equal sample size for four sample groups
by sex and age (age 20-29 male: 25%; age 20-29 female: 25%;
age 30-39 male: 25%; age 30-39 female: 25%). The survey
panel service agency randomly selected the potential participants
from a list of registered participants with demographic
information. The survey was sent out via email to potential
participants in accordance to the proportion for stratified
sampling, and this continued until it met our target number of
participants in each quota.

Among the participants who completed the K-eHEALS, a subset
of participants was randomly selected and invited to complete
the same survey for test-retest reliability testing after 1 month
from the initial response. If randomly selected participants did
not respond, the next randomly selected participant was invited
until 55 participants completed the survey. After the targeted
number of 55 participants voluntarily signed and completed the
survey, the online survey was closed.

Measurement

Sociodemographic Attributes and Internet Use Behaviors
The survey included items on demographics and internet use
behaviors, including hours of internet use per day, purpose of
internet use, types of health information searched, level of trust
for health information, and its usefulness. Previous studies found
internet usage was related to eHealth literacy; thus, hours of
internet use was measured to validate construct validity of
K-eHEALS.

The eHEALS
The eHEALS is composed of eight items measuring eHealth
literacy on a 5-point Likert scale (1=strongly disagree,
5=strongly agree), with a total score that ranges from 8 to 40,
in which a higher score indicates higher literacy. The eight items
measure perceived knowledge, skills, and confidence in locating,
evaluating, and using electronic health information to make
health decisions. The measure also includes two additional
questions that are not included in the total score. These two
questions assess the perception of the internet as a tool to assess
health information and make decisions about health.

The K-eHEALS
The K-eHEALS was developed following the process of
translation and adaptation of instrument proposed by the World
Health Organization [23]. After we acquired permission from
the original developers of the eHEALS (Dr Cameron and Dr
Norman), two bilingual professionals in nursing (two of the
authors) conducted forward translation independently and
compared the translated instrument. Next, a bilingual expert
panel, consisting of four faculty members of nursing schools in
Korea and the United States and two professionals in computer
and information technology, evaluated the translated instrument.
All six members of the expert panel rated each item of the
K-eHEALS in terms of its relevance to the underlying construct
on a 4-point scale (1=not relevant, 2=somewhat relevant, 3=quite
relevant, 4=highly relevant) [24]. In addition, the expert panel
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commented on each item if they had any suggestions or
questions. Through the expert panel discussion, the translated
instrument was adjusted and the complete K-eHEALS was
produced. Then, back-translation of the K-eHEALS was done
by an independent translator and was compared against the
original eHEALS. Multimedia Appendix 1 is the final version
of the K-eHEALS.

Ethical Considerations
The study was reviewed and approved as an exempt study by
the corresponding author’s Institutional Review Boards
(1041078-201608-HRSB-151-01). The data collection was
conducted by a third party, Banana Lab, a Korean internet
survey panel service agency; the researchers were not in direct
contact with the potential participants and received deidentified
survey data. Eligible individuals who were interested in the
study received an email including a link to the online consent
form, which explained the study and other information listed
in the face-to-face consent form. On review of the form, those
who agreed to participate in the survey typed their name and
clicked on the “I agree” button to consent to participate in the
study and proceed to the survey.

Data Analysis

Validity

Content Validity

To determine the content validity index (CVI) for individual
items, six members of the expert panel rated each item in terms
of its relevance to the underlying construct on a 4-point scale.
Then, individual CVI was computed for each item as the number
of experts giving a rating of either 3 or 4, divided by the number
of experts (the proportion of agreement about relevance). The
CVI for the scale was calculated as the mean of the individual
CVIs for all items on the scale [25]. An individual CVI higher
than 0.78 was considered excellent; a scale CVI higher than
0.80 was considered acceptable [26].

Construct Validity: Exploratory Factor Analysis

After content validity was confirmed, the Korean eHEALS was
administered to young adults through an online survey.
Exploratory factor analysis was conducted to ensure the
construct validity [27]. Sufficiency of the sample size relative
to the number of items was determined using the
Kaiser-Meyer-Olkin value (>0.70) and factorability of the data
were evaluated based on the Bartlett test of sphericity. A scree
plot and the eigenvalue (>1) were used to determine the number
of factors to be extracted [28].

Construct Validity: Hypothesis Testing

Construct validity was also assessed using a hypothesis-testing
approach [27]. Based on prior studies [2,12,29], we hypothesized
that young adults who used the internet for more hours would

have higher eHealth literacy scores. Both analysis of variance
and Tukey post hoc analyses were used to test the association
between duration of internet use and eHealth literacy.

Reliability

Interitem Consistency

Interitem reliability was calculated by Cronbach alpha. A value
of .70 or higher was considered acceptable [30].

Stability of the Measure

Test-retest reliability testing was conducting using Pearson
correlation.

Results

Characteristics of the Young Adult Participants
The total number of young adults included in the study was 500.
Half of the participants were male (n=250). Half of the
participants were in their twenties, whereas the other half were
in their thirties. More than two-thirds of the participants were
single (72.6%, 363/500) and had at least some university
education (437/500, 87.4%) (Table 1). The highest percentage
of participants used the internet for 1 to 3 hours per day
(personal computer; PC: 38.6%, 193/500; portable device:
49.2%, 246/500), followed by 4 to 7 hours per day (PC: 29.6%,
148/500; portable device: 23.6%, 118/500). More than half of
the participants (54.6%, 273/500) used the internet to search
for information. Types of health information searched for
included healthy lifestyle (45.0%, 225/500), disease (32.8%,
164/500), and treatment and medicine (15.8%, 79/500). More
than half (53.6%, 268/500) of the participants neither trusted
nor distrusted health information online, but 64.8% (324/500)
reported the internet is useful in making decisions about health
and 64.4% (322/500) reported the internet is important to have
access to health resources. The mean total score on the
K-eHEALS was 28.06 (SD 4.80, range 8-40) (Table 1). The
mean of items in the K-eHEALS was 3.51 ranging from 3.31
to 3.68 (item range 1-5) (Table 2).

Content Validity
The individual CVI were excellent, scoring higher than 0.78
for all items except for item 3 (“I know how to find helpful
health resources on the internet”) and item 6 (“I have the skills
I need to evaluate the health resources I find on the internet”).
Although scoring was lower than 0.78 for two items, the experts
commented that the underlying construct for these two items
were apparent but they gave them a low individual CVI score
because of the low fluency of the translation. Therefore, the
K-eHEALS was used after editing items 3 and 6 per the experts’
suggestions. The scale CVI was acceptable, scoring higher than
0.80 (scale CVI=0.83) (Table 3).
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Table 1. Characteristics of the young adult participants (N=500).

n (%)Characteristics

Gender

250 (50.0)Male

250 (50.0)Female

Age group (years)

250 (50.0)20-29

250 (50.0)30-39

Education level

166 (33.2)High school diploma

334 (66.8)University degree and above

Marital status

363 (72.6)Single

137 (27.4)Married

Internet use on personal computer per day (hours)

55 (11.0)<1

193 (38.6)1-3

148 (29.6)4-7

104 (20.8)>8

Internet use on phone per day (hours)

77 (15.4)l<1

246 (49.2)1-3

118 (23.6)4-7

59 (11.8)>8

Purpose of internet use

171 (34.2)Social networking service (eg, Kakaotalk,a Instagram)

273 (54.6)Searching information

30 (6.0)Game

26 (5.2)Others

Health information searched for

164 (32.8)Disease

225 (45.0)Healthy lifestyle

36 (7.2)Medicine

43 (8.6)Treatment

4 (0.8)Medical personnel

28 (5.6)Others

Engine used to search health information

38 (7.6)Google

423 (84.6)Naver

32 (6.4)Daum

5 (1.0)YouTube

2 (0.4)Others

Level of trust for health information

11 (2.2)Strongly trust
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n (%)Characteristics

187 (37.4)Quite trust

268 (53.6)Neutral

31 (6.2)Quite distrust

3 (0.6)Never trust

How useful do you feel the internet is in helping you in making decisions about your health?

4 (0.8)Not useful at all

29 (5.8)Not useful

120 (24.0)Unsure

324 (64.8)Useful

23 (4.6)Very useful

How important is it for you to be able to access health resources on the internet?

4 (0.8)Not important at all

22 (4.4)Not important

105 (21.0)Unsure

322 (64.4)Important

47 (9.4)Very important

aKakaotalk is one of the most popular messenger apps in South Korea.

Table 2. Total and item means for the K-eHEALS in young adult participants (N=500).

Mean (SD)K-eHEALS items

3.53 (0.76)1. I know what health resources are available on the internet

3.47 (0.80)2. I know where to find helpful health resources on the internet

3.59 (0.80)3. I know how to find helpful health resources on the internet

3.68 (0.77)4. I know how to use the internet to answer my questions about health

3.62 (0.77)5. I know how to use the health information I find on the internet to help me

3.31 (0.85)6. I have the skills I need to evaluate the health resources I find on the internet

3.41 (0.87)7. I can tell high quality from low quality health resources on the internet

3.44 (0.81)8. I feel confident in using information from the internet to make health decisions

3.51Total means

Construct Validity-Exploratory Factor Analysis
The results supported the validity of the K-eHEALS. The

Bartlett test of sphericity was significant (χ2
28=1859.0, P<.001)

suggesting the factorability of the correlation matrix. The results
of the Kaiser-Meyer-Olkin test (0.91) was high, showing
adequate sampling relative to the number of items present. Based
on the initial eigenvalue (4.52) and the scree plot that was
suggestive of a unidimensional latent structure (Figure 1), a
single factor was retained. In this single factor model, the sum
of squared loadings of the eight items on the extracted factor
based on maximum likelihood method was 4.02, explaining
50.3% of the variance in the scale (Table 4).

Construct Validity-Hypothesis Testing
The results from hypothesis testing further supported the
construct validity of the K-eHEALS (Table 5). There was a

significant association between eHealth literacy and the hours
of internet use per day using PC (F4,106.3=5.608, P<.001). Post
hoc analysis showed that the difference was evident between
adults using internet on PC for less than 1 hour per day
compared to other groups that used more than 1 hour: 1 to 3
hours, 4 to 7 hours, or 8 to 11 hours. Similarly, there was
significant association between eHealth literacy and hours of
internet use per day using a portable device (F4,98.0=4.610,
P=.002). Post hoc analysis showed that the difference in mean
eHealth literacy was evident between adults using internet on
a portable device for less than 1 hour per day compared to other
groups that used more than 1 hour: 1 to 3 hours, 4 to 7 hours,
or more than 12 hours. The difference was also shown between
those using the Web for 8 to 11 hours and more than 12 hours.
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Table 3. Individual content validity index (CVI) and scale CVI scores for the Korean eHEALS (K-eHEALS).

Individual CVIExpert 6Expert 5Expert 4Expert 3Expert 2Expert 1K-eHEALS Items

0.834233331. I know what health resources are available on the internet

0.834233432. I know where to find helpful health resources on the internet

0.674242443. I know how to find helpful health resources on the internet

0.834234444. I know how to use the internet to answer my questions about
health

1.004434435. I know how to use the health information I find on the internet to
help me

0.673332426. I have the skills I need to evaluate the health resources I find on
the internet

0.834442437. I can tell high quality from low quality health resources on the
internet

1.004343448. I feel confident in using information from the internet to make
health decisions

0.83Scale CVI

Figure 1. Scree Plot of the K-eHEALS.
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Table 4. Factor loadings and factor score coefficients for the K-eHEALS and single extracted factor (N=500).

Factor loadingsaK-eHEALS Items

0.7581. I know what health resources are available on the internet

0.7372. I know where to find helpful health resources on the internet

0.7623. I know how to find helpful health resources on the internet

0.7874. I know how to use the internet to answer my questions about health

0.7055. I know how to use the health information I find on the internet to help me

0.6236. I have the skills I need to evaluate the health resources I find on the internet

0.6167. I can tell high quality from low quality health resources on the internet

0.6648. I feel confident in using information from the internet to make health decisions

4.022Sums of squared loadings

a Extraction method: maximum likelihood. One factor extracted, four iterations required.

Table 5. Participant eHealth literacy by hours of internet use (N=500).

P valueF (df1, df2)P valueMean (SD)NHours of internet use

<.0015.608 (4,106.30)28.06 (4.81)500
Internet use on personal computer
(hours)

—25.60 (5.91)55<1

.032a27.68 (5.30)1931-3

.001a28.63 (3.89)1484-7

<.001a29.34 (3.41)838-11

.050a28.90 (5.09)21>12 hours

.0024.610 (4,98.03)28.06 (4.81)500Internet use on phone (hours)

—26.30 (5.90)77<1

.026b28.13 (4.07)2461-3

.002b28.86 (4.43)1184-7

.986b26.81 (6.90)328-11

.001b30.48 (4.52)27>12

aVersus <1 hour internet use on personal computer.
bVersus <1 hour internet use on phone.

Reliability
Regarding interitem reliability, the calculated Cronbach alpha
coefficient was .88, suggesting that the K-eHEALS was
internally consistent. The measure also showed stability over
time as evidenced by high test-retest reliability (r=.754, P<.001).

Discussion

Principal Findings
This study is the first attempt to translate a full version of
eHEALS into Korean and to test its psychometric aspects.
Although additional psychometric testing is necessary to further
establish validity of this measure in this population, results of
this study are promising and support the validity and reliability
of K-eHEALS. Content validity was acceptable (individual
CVIs>0.67, scale CVI=0.83), and so was construct validity as

supported by unidimensional latent structure of K-eHEALS and
significant association between eHealth literacy and hours of
internet use per day. In terms of reliability, the items of
K-eHEALS were internally consistent (Cronbach alpha=.88)
and stable over a 1-month period (r=.754, P<.001). Therefore,
the results of this study reveal that the translated K-eHEALS is
reliable.

The eHEALS is a measure that has been globally validated in
multiple languages, including Japanese [10], Dutch [5], Spanish
[11], Chinese [9], German [6], Italian [4], Iranian [8], Hebrew
[12], and Turkish [7]. In Korea, several studies have used a
translated version of eHEALS, but those studies did not provide
psychometric evaluation of the eHEALS in Korean [18,20,21].

Content validity of K-eHEALS reported here was evaluated by
six experts and it showed good scale CVI and individual CVI
except for two items. However, previous studies on various
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language versions of eHEALS did not conduct content validity
or report the CVI score (all six). Only one study, an Iranian
version of eHEALS [8], measured face validity by four experts,
but did not evaluate the CVI score. Evaluation of content validity
is proposed for future psychometric studies to enhance construct
validity of all instruments [26,31].

Construct validity of the K-eHEALS was evaluated by
exploratory factor analysis and hypothesis testing. The
K-eHEALS showed a monofactorial unidimensional structure
and explained 50.3% of the variance in the measure. This finding
supports previous studies that yielded a single factor solution
explaining from 52.6% (Spanish version) to 70.5% (Iranian
version) of variance in the measure.

Internal consistency of the K-eHEALS was .88, which was
comparable with previous findings ranging from .78 (Turkish
version) to .93 (Japanese version). Test-retest reliability of the
K-eHEALS showed stability (r=.754, P<.001), with the r
coefficient within range of previous studies (r=.63 for Japanese
version and r=.96 for Iranian version). Therefore, the
K-eHEALS is a reliable and valid tool compared to other
translated versions of eHEALS.

In South Korea, a higher percentage of Koreans use the internet
to search and read health information (66.4%) compared to
those who seek information from mass media (40.8%) or a
health care provider (11.8%) [32]. Moreover, there is an
increasing interest in the use of personal health records (PHRs).
For young adults, eHealth literacy is essential for effective use
of online resources and their PHR to assist in self-management
and promote health conditions. Acknowledging the importance
of eHealth literacy, the US Office of Disease Prevention and
Health Promotion specified the need for increased heath literacy,
access to the internet, and use of health information technologies

to promote health of the public in Healthy People 2020, a
10-year national objective for improving public health in the
United States [33]. The Health Information Technology for
Economic and Clinical Health (HITECH) Act [34] also
encourages health care institutions to use electronic health
records (EHRs), PHRs tethered to EHRs, and related technology
for meaningful use of EHRs to improve health [35]. However,
there is no prominent national initiative available to promote
eHealth literacy in South Korea. More research aimed at
understanding of the current level of eHealth literacy in this
population is needed to develop more effective eHealth
interventions to promote the health of the public. The
K-eHEALS, which is a reliable and valid measure, can
significantly contribute to these efforts [18].

Limitations
A main limitation of our study is that the participants were
recruited from a pool of registrants of an internet survey panel
service agency who are likely active online users and this group
sample may not be representative of the general young adult
population. Moreover, the results cannot be generalized to older
adults because this was studied in young adults. Further studies
employing diverse age groups are needed to address this issue.

Conclusion
To promote eHealth literacy, researchers and health care
providers should first understand the eHealth literacy of the
individuals. The psychometric findings from this study suggest
that K-eHEALS is a reliable and valid measure of eHealth
literacy in young Korean adults who are active online users.
We hope K-eHEALS can help Korean researchers who conduct
studies in eHealth by providing a reliable and valid measure
that can properly gauge participants’ eHealth literacy and
develop optimal interventions.
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Abstract

Background: The use of electronic consultation (e-consult) between primary care providers (PCPs) and psychiatrists has
potential, given the high prevalence of mental health issues in primary care and problematic access to specialist care. Utilization
and uptake, however, appears to be lower than would be expected.

Objective: This study aimed to examine actual utilization of e-consult between PCPs and psychiatrists and investigate the
perceptions of PCPs about this form of psychiatric advice to inform how to optimize the utility and thereby the uptake of this
service.

Methods: In this mixed-methods study, we conducted a chart review of psychiatry e-consults (N=37) over 2 platforms during
early implementation in Ontario, Canada, as well as 3 group interviews and 1 individual interview with PCPs (N=10) with variable
experience levels and from a range of practice settings. The chart review assessed response times and referral content including
the type of request, referral attachments, and consultant responses. Interviews explored the perceptions of the PCPs about the
uses and barriers of psychiatry e-consult. Thematic content analysis of interview data identified common themes as well as themes
unique to different provider profiles (eg, experienced PCPs vs new PCPs and rural vs urban practice). On the basis of interpretation
of the quantitative and qualitative findings, we developed recommendations for the optimization of psychiatry e-consultation
services.

Results: During the study period, psychiatry e-consults comprised 3.66% (49/1339) of all e-consults submitted on the studied
platforms. Among the e-consults reviewed, different psychiatric diagnoses were represented: 70% of requests (26/37) queried
about medication safety or side effects, whereas 59% (22/37) asked about psychiatric symptom management. Moreover, 81%
(30/37) of e-consults were answered within 24 hours, and 65% (24/37) were addressed in a single exchange. Themes from the
interview data included psychiatry having a complexity that differentiates it from other specialties and may limit the utility of
e-consult, other than for psychopharmacology advice. Variability in awareness exists in the way e-consultation could be used in
psychiatry, with new PCPs feeling unsure about the appropriateness of a question. In general, new PCPs and PCPs practicing in
rural areas were more receptive to psychiatry e-consult. PCPs viewed e-consult as an opportunity to collaborate and desired that
it be integrated with other available services. Recommendations include the need for appropriate specialist staffing to address a
wide range of requests, adequate education to referrers regarding the use of psychiatry e-consult, and the need to integrate
psychiatry e-consult with other geographically relevant services, given the complexity of psychiatric issues.

Conclusions: E-consult is a viable and timely way for PCPs to get much-needed psychiatric advice. For optimizing its utility
and uptake, e-consult needs to be integrated into reliable care pathways with adequate referrer and consultant preparation.

(J Med Internet Res 2018;20(4):e124)   doi:10.2196/jmir.8943

J Med Internet Res 2018 | vol. 20 | iss. 4 |e124 | p.569http://www.jmir.org/2018/4/e124/
(page number not for citation purposes)

Hensel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:jennifer.hensel@wchospital.ca
http://dx.doi.org/10.2196/jmir.8943
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

eHealth; psychiatry; primary care; consultation; health services

Introduction

Specialist wait times are a major health care access barrier [1-3].
As a potential solution to specialist wait times, electronic
consultations (e-consults) were used to facilitate rapid access
to specialist advice via asynchronous written communication
[4]. Data across a range of medical specialties support that 75%
of e-consults receive a timely response within 3 days, and most
take less than 10 min to complete, with up to one third of
intended in-person referrals being avoided [5]. Primary care
providers (PCPs) are extremely satisfied with e-consult due to
its convenience and its contribution to their confidence in
managing their patients [5,6].

E-consult between PCPs and psychiatrists has potential as some
of the longest specialist wait times have been observed in
psychiatry [7]. The studies, which simulated psychiatric referrals
from primary care in Canadian and US cities, confirmed that
referrals were frequently rejected altogether [8,9]. This would
be highly problematic as mental illness is among the leading
causes of disability, with economic implications projected to
rise by five or six times in the next 30 years [10,11]. As such,
rapid access to advice from a psychiatrist would be extremely
beneficial for PCPs and their patients. Recently published studies
have reported that PCPs feel increased support as a result of
having access to psychiatry e-consult [12], and that psychiatry
e-consults are predominantly used to address medication-related
questions. Utilization of e-consult for psychiatry has been low,
however, relative to other specialties [6,13] and the theoretical
need that might exist based on mental health visit volumes to
primary care [14,15]. The aim of this study was to quantitatively
examine actual utilization and the content of e-consults between
PCPs and psychiatrists and qualitatively investigate the
perceptions of PCPs about this form of psychiatric advice, to
inform how to optimize the utility and thereby the uptake of
this service as a mechanism for consultation.

Methods

Study Design
We used a convergent parallel mixed-methods study design
consisting of a retrospective chart review of completed
e-consults and a series of interviews with PCPs. The overall
approach to the study was a pragmatic one, seeking practical
solutions for programmatic change that triangulated between
the quantitative and qualitative results, as well as the existing
literature [16]. Quantitative and qualitative analyses were
completed separately and integrated, looking for both
convergence and divergence of findings [17] to inform
recommendations. Research ethics approval was obtained from
the Women’s College Hospital Research Ethics Board.

Chart Review

Setting and Participants
A sample of e-consults completed between January 1, 2015,
and March 31, 2016, was obtained from 2 e-consult platforms
(one private and one government-funded) available in Ontario,
Canada. These platforms were implemented in target regions
and have gradually expanded to be accessible to most of the
province with voluntary participation. Platforms offer PCPs
access to a range of specialists, with compensation for
consultants and referrers. The operator of each platform provided
the study team with utilization data for the study period and
email addresses for psychiatrist consultants who were requested
to provide their e-consultation for review. There are no
restrictions for referrers regarding the types of questions that
can be posed over these e-consult platforms, although
psychiatrists may specify their areas of expertise.

Data Collection and Analysis
Among the 8 active psychiatrists, 5 provided all of their
de-identified e-consult reports to the study team by secure fax
or encrypted email. All the consultations were reviewed to
capture the content using a data collection form, which was
modified iteratively during the chart review until a set of
nonexclusive categories were established. Data collected
included referrer details and patient’s age, gender, and
psychiatric diagnosis. We classified the content of the referral
question, types of referral attachments, and the components of
the consultant’s response including any attachments provided
back to the referrer, and calculated time to consultant response
and the number of exchanges. Data were inputted into a
Microsoft Access database and extracted into Microsoft Excel
for analysis. From the data, we generated variable counts and
means, where applicable.

Qualitative Interviews

Setting and Participants
We conducted 4 interviews with a total of 10 PCPs—3 were
small group interviews and 1 was an individual interview. We
used purposive and maximal variation sampling to recruit
participants of different experience levels, such as PCPs from
urban and rural areas, and those conducting group and solo
practice. Details of the interviewed participants are presented
in Table 1.

Data Collection and Analysis
Interviews were conducted by one of the 2 researchers who had
no pre-existing relationship with the participants. Participants
were asked about their previous experience with e-consult and
3 questions specifically about e-consult for psychiatry:

1. Do you think e-consult is useful for psychiatry?
2. What are the limitations or barriers of using e-consult for

psychiatry?
3. Is there anything that would make e-consult more useful

for psychiatry?
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Table 1. Focus group participants. N/A: not applicable.

Length of interview
(min)

Type of interviewYears in practice,
mean (range)

Type of practicePractice
location

ParticipantsInterview

30In-person (at a clinic
meeting)

17.8 (10-36)Group-basedaUrban5 family physicians1

10Teleconference3 (N/A)Solo practiceUrban1 family physician2

15Teleconference2.5 (2-3)1 solo practice; 1
group-based

Urban2 family physicians3

20Teleconference6.5 (5-8)Solo practiceRural1 family physician and 1
nurse practitioner

4

aRefers to a group-based practice of family physicians and nurse practitioners with access to multidisciplinary support including social work and
colocated psychiatry with wait times till on the order of months.

Open-ended questions were used intentionally to generate
discussions between the participants. Interviews varied in length
from 10 to 30 min, and were audio-recorded and transcribed
verbatim. Subsequently, 2 reviewers independently openly
coded each transcript, and then convened to compare codes.
From the first transcript of a group interview, preliminary
themes were developed, and a constant comparative analysis
was applied for subsequent transcripts. The coders reviewed
for common themes overall, as well as common and contrasting
themes from different participant profiles (eg, experienced vs
novice and urban vs rural). The reviewers also applied
intersubjectivity during coding and thematic development [16],
drawing from both the objective data and their subjective
personal experience, as one was an e-consult psychiatrist (JH)
and the other had been involved in local e-consult
implementation (RY). Once a final set of themes was agreed
upon, transcripts were independently rereviewed, and any
disagreements were discussed until consensus was reached in
all cases.

Results

Chart Review
Between January 1, 2015, and March 31, 2016, among all
e-consults submitted across all specialty areas, 3.66% (49/1339)
e-consults were submitted for psychiatry on the 2 platforms:
4.2% (38/887) on the government-funded platform and 2.4%
(11/452) on the private platform. Out of the psychiatric
e-consults, 78% (38/49) were obtained from the psychiatrists
for review. Of them, one e-consult had been declined and
resubmitted to another psychiatrist; thus, it was counted only
once. The e-consults represented 37 different patients from 30
unique PCP referrers (ranging from 1 to 5 e-consults each). The
5 psychiatrists answered between 1 and 25 e-consults each. The
consultant knew the patient from a previous encounter in only
one of the cases. Table 2 displays referral characteristics. Most
requests (86%, 32/37) were submitted by family physicians,
with 14% (5/37) coming from nurse practitioners. The years of
practice of the referrers ranged from 1 to 42 years. Patients were
mostly female (65%, 24/37), ranging in age from 15 to 90 years.
A diverse range of diagnoses were represented, with more than
half (57%, 21/37) of referrals having two or more diagnoses
documented. The most common referral question was about
medication side effects or safety (70%, 26/37), followed by
psychiatric symptom management (59%, 22/37; Table 3). Most

questions about medication side effects or safety pertained to
antidepressants, followed by antipsychotics, lithium, stimulants,
and benzodiazepines. Questions about side effects or safety can
be clustered into 3 main groups: (1) medical complications (eg,
weight gain, hypothyroidism, sexual dysfunction), (2) safety in
special populations (eg, pregnant, elderly, pediatric), and (3)
psychiatric complications (eg, manic switch, suicidal ideation).
Referrers provided various attachments for the specialist to
review (Table 3).

Most e-consults (81%, 30/37) were responded to within 24 hours
and nearly two-thirds (65%, 24/37) were answered with a single
exchange between referrer and consultant (Table 3). Among
the 8 cases where the consultant suggested a referral to a
specialist for assessment, 5 were for psychiatry, 2 for cognitive
behavioral therapy, and 1 for endocrinology. Consultants
frequently suggested or attached provider and patient resources,
which often included e-resources (Table 3).

Qualitative Interviews
Previous experience with e-consult among interviewed PCPs
varied from minimal to frequent use. Participants described
preferred general conditions for the use of e-consult such as
“quick,” “simple” questions to a consultant who is reliable in
responding promptly. They also discussed the preference for
e-consult to be integrated with electronic medical records for
ease of use, and a desire for short, unstructured forms. Several
themes specific to perceptions regarding e-consult for psychiatry
were identified.

Psychiatry is Perceived as More “Nuanced” Than Other
Specialties Limiting Electronic Consultation Uses Other
Than Psychopharmacology Advice
PCPs felt that e-consults were more applicable in other medical
specialties where consultants could advise on objective
assessments, compared with psychiatry, where the questions
were pertinent to the entire person and often too “nuanced” for
e-consult:

Most times when I use e-consults in general, it’s
usually for an abnormal result, an abnormal lab, an
abnormal ultrasound, that I’m debating how urgent
it is, what’s the next step, is this a formal consultation.
That’s really not the situation in psychiatry, where
anything that I would get abnormal, related to
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psychiatry, I can manage...It’s really the nuances in the interaction... [Interview 1]

Table 2. Referrer and patient characteristics from e-consults (N=37).

ValueReferrer or patient characteristic

14.9 (1-42)Referrer years of practice, mean (range)

Referrer discipline, n (%)

32 (86)Family physician

5 (14)Nurse practitioner

Patient gender, n (%)

13 (35)Male

24 (65)Female

39.7 (15-90)Patient age, mean (range)

Patient diagnosis, n (%)

17 (46)Depression

16 (43)Anxiety

6 (16)Bipolar disorder

4 (11)Posttraumatic stress disorder

4 (11)Substance use disorder

4 (11)Attention deficit hyperactivity disorder

3 (8)Sleep disorder

2 (5)Psychotic disorder

2 (5)Obsessive compulsive and related disorders

1 (3)Intellectual and developmental disability

3 (8)Other

2 (5)Not stated

21 (57)Two or more diagnoses

A participant stated, “psych(iatry) is so messy” (Interview 3).
Moreover, as PCPs frequently provide mental health care, they
are “pretty comfortable dealing with frontline psychiatric issues”
(Interview 1). In these cases, they feel “it’s rare, in fact, that
[they] need to consult with psychiatry at all” (Interview 1).
During the first group interview, comprising experienced PCPs,
a strong group consensus was observed on this perspective.
When the PCPs felt the need to consult, they expressed a
preference for shared assessment and management of these
complex cases:

Often when I need to refer somebody to psych(iatry),
it’s a pretty complicated issue where I feel like they
actually need to see the person and it’s not something
that I can convey via [e-consult]. [Interview 3]

However, although all participants referred to the nuances of
the psychiatric patient, they also identified a particular use of
e-consult for medication advice. In this context, a participant
stated:

But I just think...you need to see them,...Unless it’s
something like medication optimization and things
like that. [Interview 3]

Examples of using e-consult included “ensuring (medication)
safety in pregnancy” (Interview 1) and getting assistance with
the application of treatment guidelines in unique situations:

There’s a lot of guideline support that’s out there,
which certainly I can rely on guideline support and
not use the e-consult. But typically, the guideline
support doesn’t come with the vast experience that
e-consult psychiatrists do. [Interview 4]

A dedicated psychopharmacology e-consult service was
suggested rather than an unspecified service to ensure that the
PCP seeks relevant advice from a knowledgeable specialist.

A Lack of Awareness on the Range of Uses for
Psychiatric Electronic Consultation Impacts Its
Utilization and Perceived Utility
The first interview exposed variable awareness regarding the
use of e-consult. A PCP mentioned using an e-consult to help
with resource navigation for a patient, whereas another
participant found the suggestion given via e-consult to be very
compelling, and referred to it several times throughout the
interview.

Moreover, another PCP described the shift in perspective after
understanding the use of a psychiatry e-consult:
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I think when it was first presented to me I was a little
skeptical. When I saw some of the use cases it was

definitely helpful. [Interview 2]

Table 3. Content and outcome of e-consult (N=37).

Value, n (%)Referral domain

Content

Reason for referrala

26 (70)Medication side effects or safetyb

22 (59)Psychiatric symptom management

9 (24)Role of co-occurring medical illness

1 (3)Seeking behavioral intervention strategies

Referral attachments

9 (24)Typed consult note

7 (19)Cumulative patient profile

6 (16)Previous consult reports

4 (11)Laboratory results

1 (3)Photos

Outcome

Time to respond

30 (81)Within 24 hours

5 (14)Between 24 and 72 hours

2 (5)More than 72 hours

Number of exchangesc

24 (65)One

12 (32)Two

1 (3)More than two

Consultant response

9 (24)Requested clarification about question

8 (22)Suggested referral

14 (38)Attached provider resources (including e-resources)

8 (22)Attached patient resources (including e-resources)

aReferrals may have contained questions that fit into more than one classification.
bMedication side effects/safety includes medical complications such as weight gain, hypothyroidism, and sexual dysfunction (n=10); safety in special
populations, such as pregnant, pediatric, and elderly (n=9); psychiatric complications, such as antidepressant-induced mania or suicidal ideation (n=3);
and other (n=6).
cAn exchange includes one message from each of the referrer and consultant related to the referral question. If a reply only expressed gratitude for
information provided, it was not counted.

New PCPs expressed more uncertainty regarding the
appropriateness of a question to the specialist than more
experienced PCPs:

I’m worried that I’m bothering the psychiatrist, or
it’s not an appropriate question, maybe a little bit
more than for other specialties. [Interview 2]

because psych(iatry) can be so complex; I feel like it
might be hard for the family doc[tor] to know when
to refer or what’s appropriate to refer. [Interview 3]

Applicability of Electronic Consultation Would Be
Higher if Region-Specific Advice Was Provided and
Integrated With Access to Other Services
Specifically, in the case of mental health care, PCPs suggested
that e-consults should be provided by psychiatrists in the same
jurisdiction or geographic area to ensure common knowledge
about “the standard of care or the resources or the types of
patients or just the way the system works...” (Interview 2). The
rural PCPs also preferred the same, but they had been
accustomed to accessing specialists through telemedicine. Many
instances wherein e-consult could be integrated with other
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services were mentioned, including phone consultation and
in-person assessment. Experienced PCPs particularly expressed
an interest in phone consultation:

I think, actually, an email saying, can we find a time
to chat, could be very useful... [Interview 1]

Similarly, face-to-face consultation was not considered to be
well-integrated with e-consult. In one example, a psychiatrist
e-consultant offered to see a rural patient in-person, but the
patient had to travel for 6 hours to meet the consultant.

Rather than a consult, the PCPs viewed e-consult as a potential
tool for shared care of patients by functioning as means of
communication between providers to facilitate “collaboration”
rather than “consultation” to bring providers “together with the
best plan” (Interview 1). The participants discussed a preference
to be consulting a psychiatrist who has knowledge of the patient
and ideally has met them previously:

I think the main thing that is helpful around an
e-consult, the way it helps me quickly, if it’s somebody
that they already know, and I don’t have to go through
the whole history, et cetera... [Interview 1]

However, a barrier for this type of care is an appropriate
compensation model. As one PCP described:

...although we’re trying to advance care, and be more
streamlined, and be more efficient, and work together
in a more collaborative model, and meet patients
where they’re at, et cetera, we’re not getting paid for
this approach. [Interview 1]

New Primary Care Providers and Primary Care
Providers From Rural Areas May be More Ready to
Adopt Electronic Consultation
Experienced PCPs clearly preferred verbal communication with
consultants:

A practical issue for me is I think I’m more eloquent
when I speak to somebody, than when I try to type.
[Interview 1]

Conversely, new PCPs were more open to using
e-communication and were more optimistic about future
applications of e-consults:

I think this has a good potential to be a light touch,
umm...kind of intervention that can have a meaningful
impact... [Interview 2]

PCPs from rural areas were focused on gaining access and
improving patient experience, and were already accustomed to
using telemedicine for specialist care; thus, they were more
acceptable of e-consult:

...for most of our patients, you can get a fairly timely
response from e-consult, and certainly it provides the
support that I need to help manage my patient without
having them drive anywhere. [Interview 4]

In fact, e-consult was seen as a necessary tool for access in the
constrained mental health system:

I don’t have a choice really to use the e-consult
because a lot of time it takes just too long to see the
psychiatrist. [Interview 4]

Recommendations
For the most part, the quantitative and qualitative data converged
and could be interpreted to yield 5 recommendations for future
uptake and expansion of e-consult between PCPs and
psychiatrists.

First, PCPs can be educated regarding the feasibility and
promptness of e-consult in receiving psychiatric advice. They
should also be given examples regarding the types of requests
that can be addressed using e-consult.

Second, the primary use for psychiatric e-consult is mostly for
seeking pharmacological advice. Unless specified before, this
may cover any and all psychiatric disorders and medication
classes. The e-consult service needs to be adequately staffed
with questions appropriately directed to the most knowledgeable
specialists.

Third, PCPs, who are new to practice and who are from rural
areas, may be more receptive to psychiatric e-consult, but not
exclusively, as long wait times for specialist care are universal.

Fourth, in mental health care, where community services and
social determinants of health are important, e-consult
psychiatrists ideally must have familiarity or relationships with
the communities, and wherever possible with the providers, that
their patients consult to.

Fifth, given the potential nuances of the psychiatric patient,
e-consult should be integrated with other psychiatric services
including telephone consultation and face-to-face assessment
either in-person or by telemedicine, as well as with methods of
communicating for ongoing collaboration.

Discussion

Summary of Findings
E-consult for psychiatry accounted for 4% of all e-consults on
the 2 platforms that we studied, and represented nearly all
psychiatric diagnostic categories. Most e-consults were
addressed in a single exchange and completed within 24 hours.
The quantitative and qualitative data converged to yield
recommendations for the implementation, integration, and
staffing of the psychiatry e-consult service to optimize utility
and uptake.

Comparisons With Previous Work
Our finding that 4% of all e-consults were for psychiatry is
strikingly similar to the findings in previous reports [6]. This
percentage represents underutilization of e-consults, given the
high proportion of individuals with mental illness who seek
care in primary practice [14,15]. In our qualitative data, we
found that PCPs perceived that e-consult had limited utility in
psychiatric issues, which were considered more nuanced, and
preference was given to face-to-face assessment of these
patients. Similar to this finding, a US study reported a
recommendation for an in-person assessment in a quarter of
psychiatry e-consults [18], and another US study found a higher
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rate of conversion to face-to-face visits for psychiatry e-consults
than other medical specialties [13]. These findings support that
e-consult is not a complete solution but could and should
facilitate stepped care approaches to ensure access to the right
care at the right time. We observed that the most common actual
and suggested use for psychiatry e-consult was medication
advice, consistent with the findings of another descriptive study
of psychiatry e-consults [18]. We also found that PCPs who are
from rural areas and those who are new to practice are more
likely to be receptive to using psychiatry e-consult, reflecting
differential adoption of technology and program change based
on geography, age, and experience [19]. Ultimately, many of
the recommendations that we arrived at are applicable to
e-consult more broadly and have been described by others
disciplines, such as expansion to be a part of the triage and
referral pathway [5,20], and for comanagement [5].

Limitations
A limitation of this study was that data were collected too early
during the implementation of both the e-consult platforms,
which may not be generalizable to more established services or
services that function in different ways. Our sample sizes were
not large, but the volumes of e-consults were similar to the
volumes that have been reported for other platforms during their
early use [6,18]. Furthermore, for generating recommendations
regarding future directions for psychiatry e-consult, we feel that
the quantitative data were sufficiently informative, and that the
themes from the qualitative interviews were saturated and
triangulated well with the existing literature [6,13,19] and our

personal experience with continued use of e-consult. By
maximum variation sampling, we were able to identify pertinent
provider differences amidst the common themes. Although we
reported on the content of psychiatrist’s response, we did not
assess the quality of these responses or the actual rate at which
recommendations were followed by the PCPs.

Conclusions
For health care technology, a key facilitator of adoption is the
proof of utility [19]. We specifically undertook this study due
to the issues of patient complexity and PCP skepticism that we
encountered with respect to e-consultation for psychiatry.
Empirical data that support the benefits of e-consult are
emerging, and our study has identified some factors that could
be optimized for improving the utility and the uptake of
e-consults between PCPs and psychiatrists. Within current
resource-constrained environments, new models of integrated
care for mental illness are needed to improve quality of care for
patients. Although overall access to psychiatry needs to be
improved [21], the psychiatrist who specializes in complex
mental health problems can typically offer advice with an
e-consult to PCPs, and enhance their feeling of support while
caring for their patients [12]. Additional study of the impact on
patient outcomes and costs is required, along with established
characteristics of a good e-consult psychiatrist and features of
an effective e-consult. Resource considerations are essential as
compensation and practice models are not often well aligned
to incentivize novel methods of communication and
collaboration.
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Abstract

Background: There is interest from authors and publishers in sharing the results of their studies over the Internet in order to
increase their readership. In this way, articles tend to be discussed and the impact of these articles tends to be increased. In order
to measure this type of impact, a new score (named Altmetric) was created. Altmetric aims to understand the individual impact
of each article through the attention attracted online.

Objective: The primary objective of this study was to analyze potential factors related with the publishing journal and the
publishing trial that could be associated with Altmetric scores on a random sample of low back pain randomized controlled trials
(RCTs). The secondary objective of this study was to describe the characteristics of these trials and their Altmetric scores.

Methods: We searched for all low back pain RCTs indexed on the Physiotherapy Evidence Database (PEDro; www.pedro.org.au)
published between 2010 and 2015. A total of 200 articles were randomly selected, and we extracted data related to the publishing
trial, the publishing journal, methodological quality of the trials (measured by the 0-10 item PEDro scale), and total and individual
scores of Altmetric mentioned and Altmetric reader. The study was a cross-sectional study, and multivariate regression models
and descriptive statistics were used.

Results: A total of four variables were associated with Altmetric mentioned score: impact factor (β-coefficient=3.4 points),
number of years since publication (β-coefficient=–4.9 points), number of citations divided by years since publication
(β-coefficient=5.2 points), and descriptive title (β-coefficient=–29.4 points). Only one independent variable was associated with
Altmetric reader score: number of citations divided by years since publication (β-coefficient=10.1 points, 95% CI 7.74-12.46).
We also found that the majority of articles were published in English, with a descriptive title, and published in open access journals
endorsing the Consolidated Standards of Reporting Trials (CONSORT) statement.

Conclusions: Researchers should preferably select high impact factor journals for submission and use declarative or interrogative
titles, as these factors are likely to increase the visibility of their studies in social media.

(J Med Internet Res 2018;20(4):e86)   doi:10.2196/jmir.9368

KEYWORDS

Altmetric; social impact; clinical trials; low back pain

Introduction

There is growing interest from both authors and publishers in
sharing the results of their studies over the Internet in order to

increase their readership [1,2]. Similarly, consumers of research
(including clinicians and patients) also share articles that they
found interesting, useful, or controversial with their peers over
the Internet. One of the ways that articles can be disseminated
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on a large scale is by sharing them on social media, such as
Facebook, Twitter, Instagram, and others. Another way involves
the use of reference manager websites such as Mendeley or
Connotea [2]. Both methods offer new approaches to access,
read, and discuss research articles; consequently, the
dissemination of these articles increases [2-4].

The most traditional way of quantifying the scientific impact
of an article or a journal is through the number of citations in
peer-reviewed journals [5]. However, indices related to the
number of journal citations do not necessarily reflect a greater
dissemination of the content of articles to clinicians and patients.
Until very recently, the impact of scientific articles on social
media and reference managers was not quantified. In order to
measure this type of impact a new score (named Altmetric) was
created [2,6].

Altmetric is a tool developed by a group of British researchers
[7]. Altmetric aims to understand the individual impact of each
article through the attention attracted online (eg, on social media
and reference managers) [6]. The Altmetric attention score is
composed by two independent scoring systems: the Altmetric
mentioned score and the Altmetric reader score [7]. The
Altmetric mentioned score for an article reflects how widely an
article is mentioned in a range of media, including social media
(eg, Facebook, Twitter), newspapers, encyclopedias (eg,
Wikipedia), online platforms (eg, Faculty1000 and Publication
Peer-Reviews), videos on YouTube, sites on questions and
answers (eg, Q&A stack overflow), and policy documents or
PDF documents available over the Internet . Each of these
mentions receives different weights to reflect the relative reach
of each source, and contributes to the total score. For example,
each mention on Facebook counts as 0.25 points while a mention
on Twitter counts as 1.0 point. The Altmetric reader score can
be visualized by clicking the Altmetric “donut” symbol (ie, a
visual representation of the Altmetric score) and summing the
number of readers. This score is hidden in the donut. The second
score is the Altmetric reader score which measures the impact
on online reference managers such as Mendeley, CiteULike and
Connotea [7] . This score has identical weights for all reference
managers (ie, 1.0 point for each mention). Readers can easily
identify the Altmetric mentioned in the websites of most journals
by clicking on the Altmetric “donut.”

Most journal articles about Altmetric published to date are only
introductory tutorials or editorials [2,4-6,8]. Smith et al [9]
published a discussion paper about the importance of Altmetric
in the field of health sciences that aimed to quantify the social
impact of these articles. Patthi et al [10] published a systematic
review that retrieved seven articles published between 2010 to
2016 in the dental area that aimed to analyze the correlations
between journal citations measured by the Web of Science
website and Altmetric mentioned scores. This review concluded
that journal citations and Altmetric scores are positively
correlated (between r=0.30 and 0.61) [10]. Finally, Rosenkrantz
et al [11] also observed positive correlations between citations
and Altmetric scores in radiology journals.

There are three articles [12-14] that have measured the
correlation among Altmetric, Tweets, blogs, and Mendeley (a

reference management software). These studies observed a large
increase in the number of Tweets and blogs related to scientific
journals, and these variables were correlated with the Altmetric
score . Previously published articles [13,15,16] showed that the
number of Tweets can predict citations within the first three
days of article publication. These findings indicate that Altmetric
scores are likely to be correlated with the journal’s impact factor
[8]. Rinald [17] published a tutorial about the benefits of open
access journals with regards to visibility on social media.
However, more research is needed to identify potential variables
that might be associated with Altmetric scores, such as the
journal impact factor, number of years since publication, study
quality, and open access articles.

To our knowledge, there is no study describing the
characteristics of randomized controlled trials (RCTs) and their
Altmetric scores or predictive factors of Altmetric score. In this
study, trials of nonpharmacological interventions for low back
pain were chosen by the authors because back pain has the
largest amount of evidence in the field of musculoskeletal health
[18]. Additionally, back pain is extremely prevalent [19-21]
and involves high costs [19,20,22]. According to a study that
ranks the most disabling diseases in the world [21], low back
pain has been one of the highest ranking musculoskeletal
diseases since 1990 [21].

Therefore, the primary objective was to analyze potential factors
related to the publishing journal (eg, online access) and the
publishing trial (eg, trial quality) that could be associated with
Altmetric scores in a random sample of low back pain RCTs.
The secondary objective of this study was to describe the
characteristics of these trials and their Altmetric scores.

Methods

Study Design
This is a cross-sectional study.

Search Strategies
We selected a random sample of 200 low back pain RCTs from
the Physiotherapy Evidence Database (PEDro) [23]. We have
chosen PEDro because this is the most comprehensive database
of physiotherapy trials [24,25], and also because the PEDro
scale has acceptably high reliability and validity [18]. In
addition, all trials indexed on PEDro are rated for
methodological quality using the 0-to-10-point PEDro scale
[24-27]. The items are described below:

1. Eligibility criteria
2. Random allocation
3. Concealed allocation
4. Baseline comparability
5. Blinding of subjects
6. Blinding of therapists
7. Blinding of outcome assessors
8. Completeness of follow up
9. Intention to treat analysis
10. Between-group statistical comparisons
11. Presentation of point measures and measures of variability
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Textbox 1. Data sources and details that were extracted.

• Downloaded from PEDro database: full title, authors’ names, journal name, language of publication, year of publication, category of intervention
according to the PEDro database (ie, exercise, manual therapy, behavioral modification, electrotherapy, acupuncture), and PEDro total and
individual scores.

• Extracted from the full-text article: continent where the study was conducted, type of title categorized as declarative (title expressing the results
of the trial), interrogative (title introducing the trial in the form of a question), or descriptive (title describing the aim, but does not reveal the
main conclusions).

• Extracted from Web of Science: journal’s impact factor, number of citations.

• Extracted from journal websites and Directory of Open Access Journals: if the paper was published as open access .

• Extracted from journal and Consolidated Standards of Reporting Trials (CONSORT) websites: if the journal endorses the CONSORT statement
[28].

• Extracted scores from Altmetric website: total and individual scores of Altmetric mentions (individual scores [weights] from Facebook [0.25
points], Twitter [1.0 point], Google+user [1.0 point], News Outlet [8.0 points], Blogs [5.0 points], Sina Weibo [1.0 point], Reddit [0.25 points],
Linkedin [1.0 point], Highlight Platform [1.0 point], Pinterest [0.25 points], Wikipedia Page [3.0 points], Faculty1000 [1.0 point], Publication
Peer-Reviews [1.0 point], YouTube [0.25 points], Q 0.25 points] &A [stack overflow; 0.25 points] and Policy Documents [3.0 points]. We also
collected total and individual scores related to Altmetric reader (individual scores from Mendeley [1.0 point], CiteULike [1.0 point] and Connotea
[1.0 point]).

The total PEDro score is computed by summing yes responses
to items 2-11. The first item does not count in the final score
because this is related to external validity. All trials on PEDro
are rated by at least two trained raters and, in cases of
disagreement, a final arbitration is performed by a senior rater.

On February 1, 2016 we identified all low back pain trials
indexed on PEDro that were published in the time period of
2010-2015 and selected a random sample of 40%. We excluded
trial protocols, preliminary analyses of trials, and secondary
analyses. The search strategy is described as follows:

Strategy search: “2010 until 2015” [year of
publication] and “low back pain” [part of body] and
“pain” [problem] and “clinical trial” [method].

Data Extraction
Several pieces of data were extracted, as detailed in Textbox 1.

Data related to Altmetric scores and number of citations divided
by years since publication were collected on May 10, 2016 for
all articles because these scores are extremely dynamic.

Statistical Analyses
The number of years since publication of the article and the
number of citations were determined as of May 10, 2016. The
number of citations was normalized by the number of years
since publication (number of citations divided by years since
publication), as it is expected that older manuscripts are more
likely to have a larger number of citations compared to newer
ones. Descriptive statistics were used to present most of the
data.

Separate multivariate regression models were built to predict
(1) Altmetric mentioned score and (2) Altmetric reader score.
The independent variables in both models were: impact factor,
paper was published as open access (yes/no), total PEDro score,
number of years since publication, normalized citation count,
and type of title. These variables were chosen because it seems
plausible that they would be associated with Altmetric scores.
For example, we choose the variable number of years since

publication and total PEDro score because they are related to
the number of accesses on PEDro [18].

Initially, univariate regression analyses were performed and all
variables that reached a P value of <0.20 were retained for
inclusion in the multivariate model. Multivariate regression
models were then built and the final model contained only
variables that reached a statistical significance of P<0.05. The
results were expressed as R² indexes (explained variability of
the model) and the individual contribution of each variable was
expressed through the presentation of β-coefficients and their
respective 95% CIs. We used the Statistical Package for Social
Sciences (SPSS) version 19 for the analyses.

Results

Selection of Eligible Articles
A total of 537 clinical trials were retrieved using the search
strategy. Sixty-seven articles were excluded because they were
related to conditions other than low back pain or were related
to studies in progress. From the remaining 470 articles, 200
were randomly selected for analyses (Figure 1).

Descriptive Characteristics of Articles
Table 1 presents the characteristics of the trials. From the 200
articles, 186 had an Altmetric score with a mean mentioned
score of 18.2 (SD 41.3) and a mean reader score of 34.9 (SD
41.6). Most of the articles were published in English, had a
descriptive title (title describing the aim, but does not reveal
the main conclusions) and were published as open access in
journals that endorse the CONSORT statement. In addition, the
mean impact factor of the journals publishing these trials was
2.1 (SD 2.6) with a mean total PEDro score of 5.8 points (SD
1.6; Table 1).

Predictive Factors
The univariate analysis for Altmetric mentioned score showed
that being published in an open access journal was not
independently associated with Altmetric mentioned score (Table
2). The final multivariate model is presented in Table 3. Four
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variables were associated with Altmetric mentioned score:
impact factor (β-coefficient=3.4 points), number of years since
publication (β coefficient=–4.9), number of citations divided
by years since publication (β-coefficient=5.2 points), and
descriptive title (β-coefficient=–29.4 points). This model
accounts for 28% of the explained variance. The interpretation
of this model is that older articles and those with descriptive
titles were associated with a lower Altmetric mentioned score,
whereas articles from journals with a higher impact factor and

with greater citations were associated with a higher Altmetric
mentioned score.

The univariate analysis for Altmetric reader score showed that
being published in an open access journal was not associated
with Altmetric reader score (Table 4). The multivariate analysis
showed that one independent variable was associated with
Altmetric reader score: number of citations divided by years
since publication (β-coefficient=10.1 points, 95% CI
7.74-12.46). This single variable accounted for 31% of the
explained variance.

Figure 1. Flow diagram.
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Table 1. Characteristics of the included trails (n=200), Altmetric mentioned and Altmetric reader scores. Categorical data were expressed as numbers
(percentage). Continuous normal data were expressed as means (SD). PEDro: Physiotherapy Evidence Database.

Altmetric reader score
(n=186)

Altmetric mentioneda score
(n=186)

All articles
(n=200)

Variables

35.3 (41.7)18.4 (41.4)198 (99.0)Published in English (%)

0.0 (0.0)0.0 (0.0)2 (1.0)Published in other languages (%)

Continent where the trial was conducted (%)

18.8 (25.3)3.9 (5.1)65 (32.5)Asia

40.0 (48.4)13.6 (27.7)70 (35.0)Europe

40.3 (39.8)35.9 (59.8)46 (23.0)America

63.7 (49.3)32.0 (35.9)11 (5.5)Oceania

31.1 (42.7)34.2 (91.2)8 (4.0)Africa

Category of interventions (%)

42.8 (51.4)28.5 (57.4)88 (44.0)Stretching, mobilization, manipulation and/or massage

31.6 (36.6)17.6 (44.8)85 (42.5)Strength training

50.4 (64.3)19.9 (43.0)20 (10.0)Behaviour modification

0.0 (0.0)0.0 (0.0)1 (0.5)Neurodevelopmental therapy, neurofacilitation

10.0 (13.0)11.3 (37.5)24 (12.0)Electrotherapies

20.0 (15.9)11.5 (12.8)13 (6.5)Acupuncture

51.5 (62.6)26.6 (42.2)41 (20.5)Skill training

35.0 (36.0)16.1 (31.5)50 (25.0)Education

29.5 (35.5)5.0 (14.1)26 (13.0)Fitness training

17.0 (7.1)12.5 (7.8)2 (1.0)No appropriate value

17.1 (21.4)3.4 (5.3)8 (4.0)Hidrotherapy, balneotherapy

52.8 (55.7)16.2 (32.3)1 (0.5)Orthoses, taping, splinting

Type of title (%)

32.4 (40.7)15.2 (36.9)180 (90.0)Descriptive

56.0 (44.6)43.6 (62.9)20 (10.0)Interrogative/Declarative

Open access (%)

36.7 (44.0)17.9 (42.8)115 (57.5)Yes

32.3 (38.0)18.6 (39.0)85 (42.5)No

Journal endorses CONSORT statement (%)

43.3 (47.5)24.3 (50.1)111 (55.5)Yes

22.5 (26.7)9.2 (19.6)89 (44.5)No

PEDro items (%)

37.7 (44.2)19.4 (43.8)166 (83.0)Eligibility criteria

35.2 (41.8)18.4 (41.4)197 (98.5)Random allocation

42.3 (44.3)25.3 (52.2)96 (48.0)Concealed allocation

36.6 (43.4)19.0 (43.4)172 (86.0)Baseline comparability

38.3 (39.2)48.6 (76.3)14 (7.0)Blinding of subjects

34.7 (30.8)10.0 (10.5)3 (1.5)Blinding of therapists

42.9 (51.2)27.3 (58.0)78 (39.0)Blinding of outcome assessors

39.0 (46.4)20.8 (47.4)129 (64.5)Completeness of follow up

45.1 (42.0)26.2 (46.7)89 (44.5)Intention to treat analysis
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Altmetric reader score
(n=186)

Altmetric mentioneda score
(n=186)

All articles
(n=200)

Variables

35.5 (41.9)18.5 (41.6)195 (97.5)Between-group statistical comparisons

35.2 (41.5)17.9 (40.9)187 (93.5)Presentation of point measures and measures of variability

5.8 (1.6)Total PEDro score (mean [SD])

2.1 (2.6)Journal impact factor (mean [SD])

3.4 (1.7)Number of years since publication (mean [SD])

2.3 (2.3)Normalized citation countb (mean [SD])

Score Altmetric mentioned (mean [SD])

13.4 (31.0)Tweeters

3.9 (13.3)Facebook pages

0.2 (1.0)Google+user

0.3 (1.6)News outlet

0.0 (0.0)Others

18.2 (41.3)Total

Score Altmetric reader (mean [SD])

34.4 (41.4)Mendeley

0.5 (4.8)CiteULike

0.0 (0.2)Connotea

34.9 (41.6)Total

aOthers are Altmetric mentioned by: Wikipedia page, Blog, Weibo users, Highlight platform, Policy documents, Post-publication peer-reviews, Linkedin,
Reddit, Faculty1000, Q&A (stack overflow), Youtube, Pinterest.
bNormalized citation count calculated by number of citations divided by years since publication. Years since publication calculated by current year–year
of publication.

Table 2. Univariate model to predict characteristics that were associated with Altmetric mentioned score. PEDro: Physiotherapy Evidence Database.

P value95% CIβ-coefficientConstantVariable

Journal characteristics

.92–12.86 to 11.55–0.6518.63Open Access

.001.95 to 6.524.2310.32Impact Factor

.01Article characteristics

.002.82 to 10.276.54–20.36Total PEDro score (/10)

.09–6.53 to 0.50–3.0128.41Number of years since publication

.003.84 to 8.386.113.61Normalized citation count (number of citations divided by years since publication)

.00–47.35 to –9.60–28.4743.65Descriptive title

Table 3. Final multivariate model to predict characteristics that were associated with Altmetric mentioned score.

P value95% CIβ-coefficientConstantVariable

.0022.42 to 63.6343.02Journal characteristics

.000.98 to 5.863.42Impact Factor

Article characteristics

.00–8.50 to –1.47–4.99Number of years since publication

.002.49 to 7.885.18Normalized citation count (number of citations divided by years since publication)

.00–46.48 to –12.23–29.36Descriptive title
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Table 4. Univariate model to predict characteristics that were associated with Altmetric reader score. PEDro: Physiotherapy Evidence Database.

P value95% CIβ-coefficientConstantVariable

Journal characteristics

.49–7.96 to 16.644.3432.33Open Access

.002.25 to 7.404.8327.53Impact Factor

Article characteristics

.003.56 to 11.037.29–8.10Total PEDro score (/10)

.06–0.19 to 6.903.3623.59Number of years since publication

.007.74 to 12.4610.1011.45Normalized citation count (number of citations divided by years since publication)

.02–42.87 to –4.47–23.6756.05Descriptive title

Discussion

Principal Findings
The primary objective of this study was to analyze potential
factors that could be associated with Altmetric score. The
secondary objective was to describe the characteristics of low
back pain RCTs and their Altmetric scores. We found that trials
with interrogative/declarative titles, those published in higher
impact factor journals, those published more recently, and those
with a larger number of citations were associated with a higher
Altmetric mentioned score. We observed that the number of
citations was also associated with a higher Altmetric reader
score. Finally, we found that the Altmetric reader score was
higher than Altmetric mentioned score. Most of the articles were
published in English, had descriptive titles, and were published
as open access in journals that endorse the CONSORT
statement.

There are three previous articles that have measured correlations
between the number of citations and Altmetric scores in medical
journals [10,11,29], and numerous others studying the
relationship between tweets (the main Altmetric score
component) and citations ([15] being the first). The conclusions
of these articles are very similar to our study: there is an
association between citations and Altmetric scores. This
information confirms that conventional measures of scientific
impact (based on citations) are associated with social impact
(based on social media). The difference between our study and
these three previous studies is that we used multivariate
regression analyses rather than simple correlations. We believe
that this approach allowed us to focus on the key independent
variables, and the beta coefficients we provide are more
interpretable than correlation coefficients. For example, we can
predict that for every citation received, 5.2 and 10.1 points will
be added to the Altmetric mentioned and reader scores,
respectively. Scientific impact appears to follow the social
impact in back pain trials.

We observed an association between Altmetric mentioned score
and the journal’s impact factor. The journal’s impact factor is
a measure that reflects the number of citations of scientific
articles published in the journal divided for the two previous
years [5]. We might infer that journals with higher impact factors

have more credibility to a wider range of readers, health care
providers, and media, which may reflect a large number of posts
in social media. Many of these journals may have
well-developed media strategies, such as preparation and
distribution of releases to the media. This action encourages the
promotion of their papers in newspapers, blogs, and social media
more rapidly and efficiently than journals that do not do this.
These journals also format the online versions of articles so that
a reader can easily click an icon to post details about the study
on social media, usually by embedding a key figure from the
article in the post.

We also observed that trials with declarative/interrogative titles
were associated with higher Altmetric mentioned scores than
those with descriptive titles. Our study is, to our knowledge,
the first that has investigated the effect of the format of the
articles title on Altmetric scores. There is evidence that articles
with shorter titles are more likely to be highly cited [30-32].
Jamali et al [33] concluded that articles with interrogative titles
are also associated with a larger number of citations and
downloads [33]. Therefore, authors should be aware that shorter
and interrogative titles should be considered in order to attract
a wider audience for their manuscripts. Finally, we observed
that papers published more recently also have a higher Altmetric
score; it seems that recent studies are more likely to be shared.
This finding should be investigated further in future studies.

The strength of this study is the use of a representative sample
of trials (N=200, or 40% of all trial reports indexed on PEDro
and categorized as “low back pain”). A possible limitation of
this study is related to external validity, as our dataset contains
only articles about low back pain. It would be important to
replicate our study in other health disciplines.

Conclusion
Our study brings new insights for authors on how to increase
the visibility of their articles. First, researchers should preferably
select high impact factor journals for submission and use
declarative or interrogative titles, as these factors are likely to
increase the visibility of their studies in social media.
Furthermore, we suggest new studies that use different research
designs (eg, systematic reviews and guidelines) in order to
externally validate our findings.
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Abstract

Background: Visual imagery plays a key role in health communication; however, there is little understanding of what aspects
of vaccine-related images make them effective communication aids. Twitter, a popular venue for discussions related to vaccination,
provides numerous images that are shared with tweets.

Objective: The objectives of this study were to understand how images are used in vaccine-related tweets and provide guidance
with respect to the characteristics of vaccine-related images that correlate with the higher likelihood of being retweeted.

Methods: We collected more than one million vaccine image messages from Twitter and characterized various properties of
these images using automated image analytics. We fit a logistic regression model to predict whether or not a vaccine image tweet
was retweeted, thus identifying characteristics that correlate with a higher likelihood of being shared. For comparison, we built
similar models for the sharing of vaccine news on Facebook and for general image tweets.

Results: Most vaccine-related images are duplicates (125,916/237,478; 53.02%) or taken from other sources, not necessarily
created by the author of the tweet. Almost half of the images contain embedded text, and many include images of people and
syringes. The visual content is highly correlated with a tweet’s textual topics. Vaccine image tweets are twice as likely to be
shared as nonimage tweets. The sentiment of an image and the objects shown in the image were the predictive factors in determining
whether an image was retweeted.

Conclusions: We are the first to study vaccine images on Twitter. Our findings suggest future directions for the study and use
of vaccine imagery and may inform communication strategies around vaccination. Furthermore, our study demonstrates an
effective study methodology for image analysis.

(J Med Internet Res 2018;20(4):e130)   doi:10.2196/jmir.8221

KEYWORDS

vaccine; visual communication; image tweet; Twitter; retweet prediction; social media

Introduction

Background
Visual imagery plays an important role in communication in a
range of domains. Their importance in health communication
is widely acknowledged [1], and crafting effective health
communication literature, materials, and campaigns involves
creating visual content to extend the resonance of the message
beyond the written word.

This is especially true in public health, where information
awareness campaigns are one of the primary interventions
available for changing public health behaviors; for example,
the area of smoking cessation that has made extensive use of
imagery in awareness campaigns. The Tips from Former
Smokers campaign run by the Centers for Disease Control and
Prevention used jarring imagery to encourage smoking cessation
[2]. In addition, graphic warning labels on cigarette packages
can dissuade people from smoking [3].

Images are especially important in communications related to
vaccination, an area of public health with both proponents and
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opponents of the advocated behavior. Vaccine supporters and
skeptics rely on scientific arguments and logic and emotional
resonance to convince people of their perspective. Images are
not only effective tools for eliciting emotional reactions but also
for conveying statistics and data in support of a position. These
can be combined in “infographics”—visuals that blend relevant
imagery and statistics.

Both vaccine skeptics and supporters have a large presence on
social media in general and Twitter in particular, and use these
platforms to advocate for their positions [4,5]. Although several
studies have looked at these communities, the topic of
vaccine-related images has received little attention. The few
studies [6,7] that have considered vaccine-related images have
focused on Pinterest, an image-based social media platform.
Although Pinterest is growing increasingly popular, it has less
than half the total number of monthly active users as Twitter
[8]. In addition, these studies leveraged qualitative analysis (ie,
manual annotation), and thus their analysis is limited to a few
facets for very small datasets. Moreover, they did not consider
how image characteristics correlate with message engagement.
See the Prior Work section in the following for a detailed review
of the literature in this area.

In this paper, we examine a large corpus of vaccine-related
image tweets. We are the first to study vaccine images on
Twitter and pose two research questions:

• Research question 1: What are the common characteristics
of vaccine-related images shared on Twitter?

• Research question 2: What properties of these images are
correlated with higher engagement with other users?

To answer these questions, we pose and analyze various image
properties via automated image analytics, which allows us to
scale up our analyses to a large image collection. In addition,
we fit a logistic regression model to model whether an image
tweet was retweeted as a means to identify characteristics of
images and tweets that are correlated with engagement. Our
goals were to understand how images are used in vaccine-related
tweets and to identify characteristics of vaccine images
correlated with a higher likelihood of being retweeted.

Prior Work

Images in General Public Health
Prior work on the effects of images in public health has focused
on traditional media, such as brochures, advertisements, or
magazines. Houts et al’s [1] comprehensive literature review
summarized the following four functions of images in health
communication: increasing patients’ attention, comprehension,
recall, and adherence to health information. Images are most
effective when they are closely linked to the written or spoken
text and exhibit proper emotional stimuli. Effects can be more
pronounced among low-literate people [9-11]. Houts et al [1]
suggest the following seven guidelines for the effective use of
images: (1) consider using images as visual aids; (2) prefer
simple drawings or photographs to complex images; (3) simplify
the accompanying text; (4) guide viewers toward an
interpretation of the image; (5) be aware of the viewer’s culture;
(6) take an active role in creating images; and (7) evaluate
effects of images systematically.

There have been several analyses of images for specific use
cases. Chang [12] studied the effects of images in advertising
surrounding four diseases (tinea pedis, periodontal disease,
H1N1, and peptic ulcers) and found that images can be effective
in risk communication (ie, increasing audience’s perceptions
of the severity of a disease) and educating the audience about
prevention steps. In the same vein, pictorial warnings on
cigarette packages have been shown to be a crucial factor for
encouraging smokers to use cessation services and quit smoking
and sustain their effects longer than text-only warnings [13-15].

Despite widespread acceptance that images are crucial in public
health messaging, there is no visual theory that systematically
guides the design and use of images, and characteristics of
effective images in health communication remain unclear [16].
Furthermore, the community lacks standard tools to analyze
health image content and estimate the effects on health behavior
[16]. Our work aims to fill these gaps for vaccine images in
social media. We identify the key features of vaccine images
that correlate with image sharing through fitting a logistic
regression model.

Images in Vaccination
To study the effectiveness of messages in a measles, mumps,
and rubella (MMR) vaccine promotion (eg, textual information
about the dangers of MMR diseases and images of sick children
who have MMR diseases), Nyhan et al [17] conducted 2-wave
Web-based survey experiments with 1759 parents who had
children aged younger than 18 years. Unlike the positive effects
of images in most public health studies, their experimental
results showed that the image of a sick child had the opposite
effect, that is, it increased parents’ beliefs in serious vaccine
side effects. This result highlights the necessity of carefully
testing vaccination messages before their use in a campaign.

The other three works studied vaccine images in social media,
including Facebook [18] and Pinterest (an image-oriented
platform) [7,6]. Broniatowski et al [18] analyzed news articles
related to vaccine and vaccine-preventable illnesses during the
Disneyland measles outbreak and measured the extent of several
factors (eg, whether the article included a story and the article
contained an image) that influence sharing on Facebook. They
found that the presence of images in the article increases the
likelihood of sharing, but they did not conduct an analysis of
the images themselves.

Guidry et al [7] collected 800 vaccine-related pins (ie, posts
from Pinterest that consist of an image and a caption) via
keyword search and conducted a quantitative analysis to
characterize content and user behaviors. In terms of the stance,
the authors found that most pins (74.0%) portray vaccinations
in a negative light, and antivaccine pins use more narrative than
statistical information, whereas provaccine pins are just the
opposite. A total of 81.5% of pins have an external reference
(ie, contain an external URL), but only 0.3% refer to a
government website and 3.7% refer to an official medical
website (eg, hospital). They also examined the distribution of
5 Health Belief Model constructs in the dataset. For example,
only 16.5% of pins perceived vaccinations to be highly effective,
whereas 59.8% of pins showed that barriers to vaccination are
high. For user behaviors, the most popular user engagement
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with a vaccine pin is repinning (a form of sharing), followed
by “like” and comment.

Focusing on the images themselves, Milani [6] manually
analyzed more than 1000 pins that clearly exhibited an
antivaccination position. In all, 83.9% of the images were
photos, 10.2% were charts and infographics, and the remaining
5.9% were drawings. In terms of the subject, syringes dominate
(30.8% of pins), followed by children (19.8%), adults (14.6%),
and the combination of children and syringes (11.7%). As such,
syringes were the main semiotic sign of vaccination. They
identified several stereotypes in the photos. Ethnically, all the
physicians, paramedics, and 92.1% of babies appeared white.
Emotionally, children often show neutral facial expressions
when they are alone, smile when with family or in a group, and
cry when taking a vaccination (with syringes) or portrayed as
sick, whereas most adults are emotionless. Moreover, the author
identified a common theme among the most repinned images,
that is, rich in emotion but poor in information (ie, no textual
information about vaccination). These posts use emotional
appeal to try to persuade that vaccination is unnecessary and
potentially harmful.

Although insightful, these previous studies have several
limitations. Two of them [17,18] did not analyze the content of
images, and the other two [7,6] conducted qualitative analysis
of Pinterest images. As these works require manual labeling,
their qualitative analysis is limited to a few facets for small
datasets (less than a few thousand images). More importantly,
none of them studied vaccine images on Twitter, a much more
popular forum than Pinterest. In contrast, we rely on automated
analytics to analyze millions of vaccine images on Twitter.

Vaccination on Twitter
Despite lack of prior work on vaccine-related images on Twitter,
several studies have examined vaccine text tweets. A common
thread is the study of attitudes and beliefs surrounding
vaccination [4,5,19-21]. These studies typically leverage
machine learning algorithms to automatically classify the
sentiment (antivaccine, provaccine, or neutral) of vaccine tweets
and then analyze the content based on this categorization. For
instance, Dunn et al [19] found that users who were exposed to
negative opinions about human papillomavirus (HPV) vaccine
were more likely to subsequently post negative opinions, and
Mitra et al [4] identified cohorts of users who persistently hold
pro- or antivaccine attitudes via a longitudinal study.

Another line of research focuses on studying posts’ topics,
dissemination patterns, community structures, and user
behaviors [20,22-24]. For example, Surian et al [22] first
characterized tweets about HPV vaccine using topic modeling
and then examined the alignment of topics and user community
structure. Radzikowski et al [24] collected vaccination tweets
in the aftermath of the 2015 measles outbreak and analyzed key
terms, the connection among such terms, communication
patterns, and geographical patterns. Others have developed
novel machine learning algorithms to discover tweets with
specific traits, including identifying pseudoscientific claims
about Zika vaccine [20] and inferring intentions (received or
intend to receive) toward flu vaccine [23].

General Twitter Images
A relatively large number of tweets contain images (17.2%,
according to a recent study [25]). Because image tweets are
more likely to be shared than tweets without images, users are
incentivized to add images to their messages. Unlike other
photo-sharing websites, such as Flickr, Twitter images are not
limited to photographs but include figures, graphics, screenshots,
and other images meant to convey information or advertise the
underlying content. For example, many people tweet images of
articles that are too long to fit in a tweet or photos meant to
accompany a linked website or news story. As a result,
numerous studies have examined a range of aspects regarding
images on Twitter (eg, [26]). Aspects have included
characterizing images [27,28], automatically identifying
sentiment of images [29,30], predicting image tweet popularity
[31,32], detecting multimedia events [33,34], identifying fake
images [35,36], mining trends from images [37,38], and
understanding users [25,39].

Methods

Overview
We will characterize the types of images used in a
vaccine-related message on Twitter. Our analysis relies on
automated analytics for images and tweet content, and we
identify factors that influence the likelihood that an image will
be shared (retweeted). This section will describe dataset creation,
content and image analytics, and our retweet prediction task.

Dataset

Vaccine Twitter Data
We constructed a large corpus of tweets relevant to vaccinations.
Figure 1 shows the flowchart of the data collection. We first
collected tweets that contained a term from a set of
vaccine-related keywords and vaccine-preventable diseases
(detailed in Textbox 1) using the Twitter streaming application
programming interface (API) from November 11, 2014 to
August 8, 2016. This includes all public tweets containing these
keywords subject to a rate limit of roughly 1% of the total
Twitter volume at that time.

We next applied a statistical classifier [40] to identify tweets
relevant to vaccination, as opposed to irrelevant tweets
containing vaccine keywords. This support vector machine
(SVM) classifier was trained on 1899 manually annotated tweets
(released at [41]) and achieved good performance
(precision=0.96, recall=0.91, F1=0.93). After applying this
classifier, we obtained a collection of 6,288,653 vaccine-related
tweets (Table 1). A total of 18.08% (1,137,172/6,288,653) of
the tweets contain an embedded image, a proportion similar to
what has been previously reported (17.2%) for Twitter in general
[25]. We obtained the number of times each original tweet was
retweeted using the Twitter API [42] on December 11, 2016.
We then downloaded all the images contained in the original
tweets and referenced in the tweet metadata.
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Figure 1. The flowchart of our vaccine Twitter data collection.

Textbox 1. The complete vaccine-related keywords and vaccine-preventable diseases used to query Twitter.

vaccine, vaccines, mmr, tdap, flushot, hpv, polio, rotavirus, chickenpox, smallpox, hepatitis, hepa, hepb, dtap, meningitis, shingles, vaccinate, vaccinated,
vaccine, vaccines, vacine, vacines, tetanus, diptheria, pertussis, whoopingcough, dtp, dtwp, chickenpox, measles, mumps, rubella, varicella, diphtheria,
haemophilus, papillomavirus, meningococcal, pneumococcal, rabies, tuberculosis, typhoid, yellowfever, immunizations, immunization, imunization,
immune, imune, cholera, globulin, encephalitis, lyme, zika

Table 1. The demographics of our vaccine tweet dataset.

Total, nRetweet, nOriginal tweet, nMedium of tweet

1,137,172899,694237,478Image tweet

5,151,4811,989,2973,162,184Text tweet

6,288,6532,888,9913,399,662Total
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In addition, we randomly sampled 500 images (without
duplicates, see below) from our large vaccine image tweet
dataset (hereafter vaccine–500). This small dataset was primarily
used to conduct manual analysis, which is complementary to
the automatic analysis on the large dataset (detailed in the
following section).

General Twitter Data
As a baseline of comparison for the retweet prediction task, we
obtained a corpus of 200,000 general image tweets sampled
from the Twitter 1% public feed between January 1 and
December 12, 2016. Retweet counts were obtained on December
29, 2016, and 77.80% (155,600/200,000) of the image tweets
had been retweeted at least once. We did not remove duplicates
as they were rare in general image tweets.

News Data
The second baseline of comparison for the retweet prediction
task will be images included in news articles related to vaccines.
Following the procedure described in the study by Broniatowski
et al [18], we collected 144,867 vaccine news articles from
November 18, 2014 to November 15, 2016, from Google and
Bing news using three keywords (vaccine, vaccination, and
measles) associated with vaccination. We extracted article
contents from HTML using Goose [43], including the main text
and image of an article and filtered out articles without central
images (eg, excluded logos, menu bar graphics, etc). This
resulted in a set of 43,664 articles which had an image that was
still accessible online. We then used the Facebook sharing API
[44] to obtain each article’s share count, defined as the number
of times the link has been shared on Facebook. We found that
51.51% (22,489/43,663) of the articles had been shared at least
once. We did not remove duplicate images as they were rare.

Image Processing

Removing Duplicate Images

Many images appeared multiple times in our collection, either
as exact copies of the same image file or different files with
little change. We identified duplicate images using the
Perceptual Hash [45], a popular algorithm for constructing
fingerprints of images. Two photos will have similar hashes if
they are nearly identical, for example, 2 images with identical
content but different aspect ratios. To evaluate the performance
of this algorithm, we manually checked 50 duplicate clusters

(252 images in total) and found that it achieves 98.4% (248/252)
accuracy. In our vaccine dataset, we found that 53.02%
(125,916/237,478) of the images were near-duplicates. When
we analyze a single tweet for an (duplicate) image that has
multiple tweets, we select the tweet that is the most popular, as
measured by retweet per follower (retweet count divided by
follower count) [46]. This results in a set of 111,562 image
tweets, of which 43.00% (47,972/111,562) have been retweeted.

User-Created Images

Users can tweet images that they create themselves, such as a
picture taken by the user, but often times they distribute images
that they obtain from other sources, such as an infographic or
stock image. To differentiate between these images, we
leveraged the Google Image Search query-by-image feature.
We submitted each image in the vaccine–500 set as a query and
checked whether the image appeared on any other website.

Image Analytics

Extracting Text From Images
Many of the images contain text (see Figure 2 left for an
example). Embedded text may be informative for interpreting
the image [25]. We extract embedded text using Tesseract [47],
an open source optical character recognition (OCR) toolkit.
This tool is originally designed for printed text and thus works
well for Twitter images similar to scanned text—detecting
89.5% of text-style images and 92.9% of screenshots that have
text—and generally detects 68.4% of images with embedded
text [25]. On the basis of the amount of text, we further
categorize images containing embedded text into 3 groups:
primarily images (no more than 10 words), a mixture of an
image and text (between 10 and 30 words), and primarily text
(more than 30 words).

Identifying Faces
Previous work found that many Twitter images contain pictures
of people [27]. We identified and characterized human faces in
images using Face++ [48], an online face recognition tool. The
tool identified faces and their estimated age, gender, and whether
the person was smiling. Face++ was reported to achieve 99.5%
accuracy in face recognition [49], 83.0% accuracy in gender
recognition, and have a mean absolute error at 11.0 for age
estimation [50].

Figure 2. Three example vaccine images..
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Object Recognition
We characterized the content of images using automated object
recognition. We used Clarifai [51], a deep-learning powered
commercial image recognition system. Clarifai provides textual
tags to describe the content of an image and has a classification
accuracy of 89.3% for the top 5 tags [52]. Consider the middle
image in Figure 2 as an example. The top 5 tags from Clarifai
are “syringe, injection, medicine, needle, and vaccination.”

Topic Analysis
We analyzed the content of tweets using Latent Dirichlet
Allocation (LDA) [53], an unsupervised topic model that
identifies major themes in a corpus through co-occurring words.
This model has been widely used in the topic analysis for
traditional text documents [53,54] as well as social media posts
[22,55]. A key parameter of LDA is the number of topics, which
could be determined on a held-out set.

In our work, we trained two separate LDA models to analyze
post’s text and visual content. For the post’s text, we used the
corpus of vaccine-related tweets (both text and image tweets)
and trained the LDA model on the text of the post with 50 topics
(textual topics, hereafter). For the visual content, we used the
vaccine image corpus and trained LDA on the images’ tags
provided by Clarifai with 40 topics (visual topics, hereafter).
The number of textual or visual topics in both models was
determined similarly by running an initial experiment with 20%
of each dataset as a held-out set. LDA learns a topic distribution
for each document and a word distribution for each topic.
Following common practice [22,56], we used the topic with the
largest probability as the document-level topic for a tweet or
an image and manually assigned (by the first author of this
paper) a label for each topic for clarity by looking at the top
words in the word distribution. We then studied how the textual
or visual topics correlate with the medium (image tweet or
textual tweet), user engagement (retweeted or nonretweeted),
and post’s sentiment.

Manual Analysis
In addition to the automatic image feature analysis, we manually
examined the images from the vaccine–500 corpus (conducted
by the first author of this paper). This analysis is complementary
to the automatic analysis and aims to further characterize the
image content and shed light on the functions of images in
vaccine messaging.

Retweet Prediction
What makes a vaccine image tweet compelling or engaging?
To answer this question, we consider a proxy task: What
characteristics of the text and embedded image make it more
likely to be shared? We frame this as a retweet prediction task,
where we use binary classification to determine whether a tweet
was retweeted or not (yes or no). To the best of our knowledge,
we are the first to study retweet prediction for vaccine image
tweets. Most prior studies concentrate on general text tweets
[46,57-59], and only two have specifically considered general
image tweets [31,32].

Our study uses a logistic regression, a generalized linear model,
to estimate the probability of a binary response (in our case,

retweeted or not). Logistic regression was used in previous work
for the retweet prediction [57,58,46] and has a key advantage
of interpreting the predictive power of features via computing
odds ratio. To build a retweet classifier, the previous work
exploited various features from tweet’s textual content (eg,
words, topics, and sentiment), contextual metadata (eg, posting
time, the presence of URL), author’s profile (eg, the number of
followers and friends), and images (eg, color histograms, GIST
descriptors, detected visual objects). In our study, we extracted
a wide spectrum of features inspired by the previous work and
additionally proposed several vaccine-specific features
(described below).

To evaluate the model performance, we split our vaccine image
tweet dataset (111,562 image tweets after removing duplicate
images) into training and test set. To model the timeliness of
tweets, we keep the most recent 20% tweets as test set and the
rest 80% older tweets as training set. We report precision (true
positives divided by true and false positives), recall (true
positives divided by true positives and false negatives), and the
F1 score (harmonic mean of precision and recall). Following
the same setting, we also build predictive models for the vaccine
news and general image tweet dataset by using the same set of
features (excluding vaccine-specific features).

Features Used for Predictive Model

Author Popularity Features

One of the most important predictors of whether a tweet will
be retweeted is the popularity of the tweet’s author [31]. To
control for author popularity, we added two features to the
model: (1) whether or not the user account is verified (Twitter’s
account verification establishes account authenticity for public
figures or those at risk of impersonation) and (2) the follower
count (log normalized). For vaccine news, we measured the
author popularity by the Facebook share count of its URL
domain (not the link to the story itself).

Metadata Features

We extracted three features from a tweet’s metadata: (1) the
number of included hashtags, (2) user mentions, and (3) images.
We added features indicating the presence of a URL in the tweet,
whether the link was to a government (.gov) or nongovernment
page, and whether the page was no longer available. We
similarly classified vaccine news as government or
nongovernment page based on the URL.

Text Features
We considered three types of text features.

• Topic: We added features based on the inferred LDA topic
model, where each feature is the probability of a topic in
the document. Considering that the tweet’s text is short, we
followed previous work [25] to obtain an enriched textual
representation for a tweet by combining (1) the tweet’s text,
(2) the text from webpages that were linked in a tweet, and
(3) the embedded text from the images. We then trained
the LDA topic model based on the enriched text. For
vaccine news, we combined the OCR text with its article
content. We then trained separate topic models for the three
datasets.
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• Vaccine names: We identified whether the tweet contained
one of 25 vaccine names (eg, MMR, HIV) that could
suggest the vaccination topic of the tweet. This feature is
applied to vaccine image tweets and news but not for
general image tweets.

• Sentiment: Previous work found that sentiment is a predictor
of retweets [58]. To identify the sentiment of vaccine tweets,
we built two SVM classifiers. We first trained a classifier
with 447 labeled tweets to identify sentimental tweets from
neutral tweets, and then we trained another SVM classifier
with 153 labeled tweets to identify sentimental tweets as
provaccine or antivaccine. These two classifiers obtain an
F1 score of 0.80 and 0.39 on the test set, respectively. To
facilitate further research, we have released the labeled
dataset at [41]. We included this sentiment label (neutral,
provaccine, or antivaccine) as a feature. Due to the lack of
proper tools, we did not extract this feature for general
image tweets and vaccine news.

Image Features
We extracted features from the image that capture high-level
semantics and low-level vision properties.

• Visual topics: We used the topics learned by fitting LDA
to object recognition tags provided by Clarifai. We added
topics in the same manner described previously for text
topic features. Considering the images in general tweets
differ significantly from vaccine images, we restrict these
features only to vaccine image tweets and news.

• Face recognition: We extracted four face-related features:
(1) number of faces, (2) gender (does the image have a male
or female face), (3) age group (does the image have a face
with an age falls in 0-2, 3-14, 15-24, 25-64, or over 65
years), and (4) smiling face.

• Image type: We identified images as pure image, primarily
image, a mixture of image and text, and primarily text as
defined previously.

• Visual sentiment: Low-level image features have been
shown to be a simple but an effective way to capture
emotions, sentiment, or effect of an image [28,60]. We
extracted five sets of color-based features to capture visual
sentiment: (1) saturation: the mean and standard deviation
of saturations; (2) brightness: the mean and standard
deviation of brightness; (3) hue: the mean and angular
dispersion, with and without saturation weighted; (4)
dominant color: the most prevalent of 11 basic colors (ie,
black, blue, brown, green, gray, orange, pink, purple, red,
white, and yellow) [61]; and (5) affectiveness: one set of
three affective scores to measure the pleasure, arousal, and
dominance [62].

Results

Analysis of Vaccine Image Tweets

Image Tweet Corpus Analysis
Although Twitter allows users to attach up to 4 images per tweet,
most vaccine image tweets (1,089,411/1,137,172; 95.80%) have
a single image. These images make the vaccine tweets more
likely to be shared (72,906/237,478; 30.70% of image tweets
were retweeted) than their text-only counterparts
(483,815/3,162,184; 15.30%). While the text-only tweet
retweeting rates are similar in the general tweet dataset (13.61%;
10,379/76,273 retweeted), a huge difference exists in image
tweets, that is, general image tweets are 2.5 times
(155,600/200,000; 77.80%) more likely to be shared than
vaccine image tweets. This highlights the need to understand
how images are used to discuss vaccines on Twitter and identify
strategies that lead to effective images.

Most of the images were not user created but were instead
prepared infographics, stock photos, or other imagery. In the
vaccine–500 corpus, 88.4% (442/500) of the images were found
on other websites, suggesting that they were not user generated.
Users tweeting about vaccines are sharing existing images,
which may explain why so many images are reused by other
users. In addition, a large number of vaccine images contain
text; 39.90% (44,513/111,562) of vaccine images contained at
least one embedded textual word. Of which, 42.90%
(19,096/44,513) were primarily images (no more than 10 words),
30.60% (13,620/44,513) were a mixture of an image and text
(between 10 and 30 words), and 26.50% (11,797/44,513) were
primarily text (more than 30 words).

We also found that one-fourth (28,560/111,562; 25.60%) of
vaccine images contain faces. The majority of these had a single
face, and most of the remaining images (4798/28,560; 16.80%)
had 2 faces. The large presence of faces agrees with the objects
and concepts discovered by object recognition; four of the five
most frequent Clarifai tags (“people, business, adult, woman,
and man”) are explicitly about people.

Topic Analysis
Our topic model analysis (without retweets) showed that images
were more likely to be associated with some textual topics.
Figure 3 lists the manually assigned label for 25 of the topics
that were found to be semantically coherent and had the highest
deviation of the proportion of tweets containing an image from
the mean. The vertical line indicates the mean across the corpus.
The topics “poliovirus vaccine in Ethiopia,” “chimps used in
hepatitis research,” and “the rate of taking or refusing vaccine”
had the highest proportion of image tweets, whereas tweets
about “toxic ingredients in vaccines” and “vaccine for soldier
or veteran” had the lowest.
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Figure 3. The distribution of vaccine image tweets and text tweets in the selected textual topics. On average, 18.08% (1,137,172/6,288,653) of vaccine
tweets are image tweets (indicated by the vertical line).

Figure 4. The topic distribution of vaccine image’s visual tags.
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Table 2. The most dominant visual topic and its percentage in each textual topic.

n (%)Dominant visual topicTextual topic

334 (24.29)Insect (pest or fly)Dengue worldwide

231 (17.88)Poster or logoVaccine price

3930 (91.43)BabyPoliovirus vaccine in Ethiopia

376 (13.60)InjectionHPVa

275 (21.43)InjectionH1N1, swine, or bird flu

342 (21.30)Insect (pest or fly)Malaria

114 (71.5)FemaleVaccines and fertility

852 (20.97)PoliticianDebates of Republican candidates on vaccines and autism

1021 (56.07)NatureChimps used for hepatitis research

1585 (36.91)DogRabies

534 (23.56)Insect (pest or fly)Zika

373 (15.84)BabyMeningitis vaccine for all UK babies

410 (16.18)CommunicationAutism and MMRb

299 (14.06)Biology or BacteriaScientific report on vaccine

133 (7.53)FoodGenetically modified organism

473 (17.81)Hospital, patient, or doctorEbola in Africa

182 (12.17)Abstract image (cell or cartoon)Anticancer vaccines

147 (10.55)Poster or logoHIV

37 (6.9)VehicleVaccine for soldier or veteran

255 (10.36)BabyPromote vaccine

aHPV: human papillomavirus.
bMMR: measles, mumps, and rubella.

Turning to the topic model analysis of the Clarifai visual tags,
the most common topics we found were injection (Figure 2,
left) and baby (Figure 2, right). For comparison, we additionally
applied the same procedures to the vaccine news images. Tweets
and news exhibit differences in using images (see Figure 4).
Compared with the visual tags for Twitter, poster or logo and
insect are the most used images in news, which takes up 8.08%
(3258/43,664) and 7.70% (3362/43,664) of news images,
respectively. We then measured the correlation between the text
topic and visual topic in the same tweet. Table 2 lists the most
common visual topic for each of the 20 textual topics, with the
proportion of images in a tweet and the text topic containing
the visual topic. We observe strong semantic connections: posts
about Dengue show images of insects, posts about polio show
babies, and posts about HPV show injections.

Finally, we studied the correlation between the topic and
sentiment. We plot the sentimental distribution within each
textual and visual topic in Figures 5 and 6, respectively. From
Figure 5, we see that many textual topics show skewed sentiment
distribution. People primarily express provaccine attributes
when they discuss the topic of “comparing vaccinated with
unvaccinated people,” “HPV,” “Ebola in Africa,” and
“Meningitis vaccine for all UK babies,” while expressing
antivaccine sentiment in the discussion of “Chimps used for

hepatitis research,” “an antivaccine film,” and “Autism and
MMR.” On the contrary, visual topics exhibit more balanced
sentimental distribution, as most topics are close to the averaged
sentimental distribution (Figure 6).

Manual Analysis
We found that most images (without the associated tweet’s text)
are indicative of the topic of vaccine or health (eg, Figure 2,
middle). These images function as a semiotic sign, making the
tweet differentiable from the huge amount of nonvaccine tweets
on Twitter. For the people in the images, we noticed many of
them were taking an injection, which further implies the tweet
is discussing the vaccination for that specific group of people
(Figure 2, right). We then turn to the images that contain text.
Such images are an indispensable component of the tweets,
either displaying long text as an image to overcome Twitter’s
text length restriction (up to 140 characters) or render key
information of the tweet visually (eg, charts and figures). Aside
from these, we identified the third use case of vaccine images
that exhibit strong emotion (Figure 2, right), which is used to
enforce the sentiment of the post. In summary, we identified
three key functions of vaccine images: (1) expressing the topic
visually, (2) supplementing information in the tweet, and (3)
eliciting emotional responses.
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Figure 5. The sentiment distribution of vaccine image tweets' textual topics. On average, 57.58% (71,417/124,029) of sentimental vaccine image tweets
are provaccine (indicated by the vertical line). CDC: Centers for Disease Control and Prevention.

Figure 6. The sentiment distribution of vaccine image tweets' visual topics. On average, 57.58% (71,417/124,029) of sentimental vaccine image tweets
are provaccine (indicated by the vertical line).
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Table 3. Experimental results of sharing prediction. Large score denotes better performance.

F 1RecallPrecisionDataset

0.6700.6320.713Vaccine image tweets

0.6830.5960.750Vaccine news

0.8990.9470.856General image tweets

Retweet Prediction
The logistic regression classifier obtained an F1 score of 0.670
(precision=0.713, recall=0.632) when predicting if a vaccine
tweet would be retweeted. For comparison, we conducted similar
experiments for vaccine news and general image tweets. Table
3 shows that the predictive model achieves much better
performance on general image tweets (F1=0.899) than vaccine
image tweets (F1=0.670) and news (F1=0.683). This implies
retweet prediction in the focused vaccine domain is more
challenging than the general domain.

We computed the odds ratio of the coefficients to determine the
strength of a feature in predicting retweets. We compared the
features among the three datasets when applicable. For both
tweet datasets, the metadata features positively predict retweets,
and information about the author (eg, their popularity) matters
most (Table 4).

Table 5 shows the statistically significant text features for
vaccine tweets and news. Mentioning some vaccines by name
increases retweeting (HPV, pertussis, polio, and smallpox),
whereas others decrease retweeting (Zika, flu, anthrax, and
meningococcal). For news, six vaccine names exhibit strong
indication for either sharing (meningococcal, HPV, and typhoid
fever) or not sharing (shingles, Zika, and adenovirus).
Expressing emotion (either pro- or antivaccine) in the text makes
the vaccine tweet more retweetable. Although sharing URLs
does not predict retweets, nongovernment and deleted URLs
more negatively indicate retweets than government URLs. For

news, the articles from government site are significantly more
shared than other news. Finally, the textual topics play a key
role in retweeting. Tweets that discussed topics such as
“Scientific report on vaccine,” “Yellow fever,” “Trial,” and
“Vaccine for soldier or veteran” attract more retweeting, whereas
other topics such as “Dengue worldwide,” “Autism and MMR,”
“Poliovirus vaccine in Ethiopia,” “Ebola in Pakistan and
Russia,” and “Chimps used for hepatitis research” are negative
indicators for retweeting.

We finally turn to the features based on images (Table 5) and
focus on the comparisons of vaccine tweets and news. In
general, the high-level visual features are very predictive for
both tweets and news. Figure 7 shows the proportion of
retweeted and nonretweeted vaccine image tweets in each visual
topic. Looking at the specific topics, the predictive topics are
rather different on Twitter and Facebook, and some topics have
contrary predictive power. For example, images of
communication and sports increase retweeting but decrease
news sharing on Facebook. Images with faces are not predictive
in general, but the presence of a smiling face is a positive
indicator for retweeting. Embedding some text in the image
always increases retweeting regardless of the amount of text
but does not have a significant impact news sharing. In general,
visual sentiment features are predictive for both tweet and news,
but the specific features and their impact often differ in the two
datasets. Such feature discrepancies suggest that vaccine visual
communication may differ between platforms (Twitter and
Facebook) and mediums (tweet and news).

Table 4. The odds ratios of Twitter metadata features that are statistically significant.

General image tweetsVaccine image tweetsFeature

P valueOR (95% CI)P valueORa (95% CI)

<.0014.78 (1.54 to 1.58)<.0012.55 (0.92 to 0.96)Follower count

<.0012.98 (0.97 to 1.20)<.0013.55 (1.19 to 1.34)Verified user

<.0011.39 (0.30 to 0.35)<.0011.33 (0.26 to 0.31)Mention count

<.0011.69 (0.50 to 0.56).011.15 (0.09 to 0.18)Image count

<.0011.05 (0.03 to 0.06)<.0011.24 (0.20 to 0.23)Hashtag count

aOR: odds ratio.
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Table 5. The odds ratios of textual and image features that are statistically significant.

General image tweetsVaccine image tweetsFeature

P valueOR (95% CI)FeatureP valueORa (95% CI)Feature

.051.20 (0.00 to 0.36)HPV<.0011.24 (0.05 to 0.29)HPVbVaccine names

<.0010.63 (–0.59 to –0.34)Zika<.0010.76 (–0.43 to –0.11)Zika

<.0011.28 (0.11 to 0.39)Meningococcal<.0010.56 (–0.72 to –0.45)Meningococcal

.020.71 (–0.63 to –0.06)Shingles<.0011.34 (0.14 to 0.45)Pertussis

.010.55 (1.08 to –0.12)Adenovirus<.0011.27 (0.15 to 0.33)Polio

.031.70 (0.06 to 0.99)Typhoid fever<.0011.65 (0.24 to 0.77)Smallpox

<.0010.85 (–0.23 to –0.09)Flu

.0080.72 (–1.02 to 0.37)Anthrax

N/Ac<.0010.87 (–0.29 to –0.21)NeutralTextual sentiment

<.0011.97 (0.71 to 1.79)Government URL<.0010.92 (-0.23 to 0.07)Government URLURL reliability

<.0010.76 (-0.32 to -0.24)Nongovernment URL

<.0010.48 (-0.81 to -0.68)Deleted URL

Omitted as a separate topic model was trained for news
and the comparisons may not be meaningful.

<.0010.76 (-0.73 to -0.41)Autism and MMRdTextual topics

<.0010.70 (–0.84 to –0.45)Dengue worldwide

<.0010.12 (–2.61 to –2.14)Poliovirus vaccine in Ethiopia

<.0011.55 (0.12 to 0.42)Vaccine for soldier or veteran

.0021.60 (0.01 to 0.35)Scientific report on vaccine

<.0010.73 (–0.80 to 0.41)Ebola in Pakistan and Russia

<.0010.42 (–1.39 to –0.95)Chimps used for hepatitis re-
search

<.0011.41 (–0.12 to 0.23)Yellow fever

<.0011.79 (0.06 to 0.52)Trial

.031.21 (0.03 to –0.48)Sea, water, or landscape<.0011.21 (0.08 to 0.36)Art or paintingVisual topics

<.0010.57 (–0.78 to –0.25)Communication<.0011.28 (0.14 to 0.40)Communication

.010.72 (–0.48 to –0.07)Sports<.0011.45 (0.25 to 0.53)Sports

.030.76 (0.40 to –0.02)Building<.0011.35 (0.18 to 0.47)School

<.0011.31 (0.1 to –0.55)Fashion, model, or fe-
male

<.0011.38 (0.18 to 0.51)Schedule or calendar

<.0011.60 (0.27 to 0.79)Biology or bacteria<.0011.28 (0.13 to 0.41)Togetherness or happiness

<.0011.51 (0.24 to 0.70)Food.030.76 (–0.47 to –0.16)Performance or festival

.011.29 (0.08 to 0.56)Elder<.0011.38 (0.22 to 0.47)Politician

.0030.77 (–0.40 to –0.08)Hand

<.0011.37 (0.20 to 0.48)Research

<.0011.26 (0.14 to 0.38)Presentation

<.0011.46 (0.24 to 0.57)Graph

<.0010.34 (–1.20 to –0.92)Cat

<.0011.27 (0.16 to 0.32)SmileFace

<.0011.24 (0.17 to 0.27)Primary image

<.0011.16 (0.09 to 0.20)Mixture

<.0011.34 (0.22 to 0.37)Primary text
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General image tweetsVaccine image tweetsFeature

P valueOR (95% CI)FeatureP valueORa (95% CI)Feature

.0061.87 (0.20 to 1.21)Blue<.0010.84 (–0.83 to –0.27)BlueVisual sentiment

<.0010.35 (–1.52 to –0.45)Red<.0010.84 (–0.79 to –0.30)White

.0050.52 (–1.10 to –0.20)SD of Brightness<.0012.16 (0.49 to 1.05)SD of Brightness

<.0010.08 (–3.70 to –1.41)Weighted mean of hue<.0015.65 (1.04 to 2.42)Weighted mean of hue

.021.38 (0.15 to 1.65)Arousal<.0010.73 (–1.33 to –0.40)Arousal

.0061.79 (0.17 to 1.00)SD of Saturation

aOR: odds ratio.
bHPV: human papillomavirus.
cN/A: not applicable.
dMMR: measles, mumps, and rubella.

Figure 7. After image deduplication, the proportion of retweeted and nonretweeted vaccine image tweets in each visual topic. On average, 43.00%
(47,972/111,562) of vaccine image tweets have been retweeted (indicated by the vertical line).

Discussion

Overview
Images have been largely used in vaccine tweets
(1,137,172/6,288,653; 18.08% of vaccine tweets contain an
image) but were neglected by the prior work. We are the first
to study vaccine images on Twitter and particularly answer two
research questions: (1) what are their characteristics? and (2)
what are the kinds of traits that make them engaging? We
summarize the key findings and their implications and highlight
some future works in the following paragraphs.

Principal Findings
As with the previous work on general image tweets, an image
makes a vaccine tweet more likely to be shared (72,906/237,478;
30.70% of image tweets were retweeted) than their text-only
counterparts (483,815/3,162,184; 15.30%). This is a possible
motivation for users to attach images to tweets [26,63]. The
large number of vaccine images from Twitter that are duplicates
(125,916/237,478; 53.02%) or found on other websites (442/500,
88.4%) suggests that most vaccine images are not user created
(eg, a photo taken by a user); instead, they are selected from
other sources by the user to help promote their vaccination
message. Also, the much higher proportion of vaccine image
tweets with external URLs (653,874/1,137,172; 57.50%)
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compared with general image tweets (22.7% [25]) suggests that
images play an important role in vaccine-related messaging.
This makes Twitter an especially attractive platform for
assessing the effectiveness of vaccine visual communication.

Furthermore, many of the vaccine images contain their own
information beyond a visual supporting of the message in the
tweet’s text. Nearly 40% of images have embedded text, and
embedded text is informative to interpret the overall message
of the tweet. These images include screenshots, infographics,
charts, and figures, which is consistent with vaccine images on
Pinterest [6,7]. Focusing on the visual content, the two most
recurring objects in vaccine images are syringes and people,
which is consistent with the findings on Pinterest [6]. The visual
content is also highly correlated with a tweet’s textual topics.
As such, the purpose of attaching an image to a tweet is to make
it more attractive [27] and convey the topics of the tweet.

Vaccine tweets with images were twice as likely to be shared
as nonimage tweets, which follows the trend of general tweets
[26]. Our logistic regression identified the author as one of the
most important factors for determining whether an image tweet
would be shared, the same trend as in general tweets [46,57],
and consistent with the findings in the study by Broniatowski
et al [18]. Sentiment features, extracted from text and image,
are also predictive of sharing behavior. Positive or negative
sentiment vaccine image tweets are more likely to be retweeted
than neutral tweets, which also matches the behavior of Pinterest
[6]. One-fourth of vaccine images contain faces. Although
previous work found that images with faces have a higher user
engagement [64], we found that vaccine image tweets containing
a face were equally likely to be retweeted as those without a
face (25.5% with vs 25.7% without).

Comparison between retweet prediction for general image tweets
and vaccine news shows that retweet prediction for vaccine
image tweet is a much more difficult task. We found differing
behaviors of features between vaccine tweets and vaccine news.
For instance, a smiling face increased sharing for vaccine tweets,
but not news, whereas pictures of landscape and nature
contribute positively for news sharing but negatively for tweets.
This suggests that different communication patterns exist in the
two domains (tweet and news), or there could be a difference
in how people decide to share content on the two social media
platforms (Twitter and Facebook).

Implications
Our research has implications for public health researchers and
practitioners.

We demonstrated that images are widely used in Twitter vaccine
messages and characterized these images using several types
of analyses. This should aid in understanding the information
content of millions of vaccine tweets.

In addition, vaccine-related communication strategies could
benefit from our analyses. Images boost the reach of a vaccine
message. Our retweet predictive model could be used as a tool
to assess the effectiveness of designed visual vaccine messages.
From that model, we also identify a few key factors that
correlate the retweeting of vaccine tweets. Although we have
not established a causal relation, these factors could still guide
message design.

Finally, our study demonstrates an effective methodology for
image analysis studies. We found that Twitter is a productive
platform for studying visual communication issues surrounding
vaccines. This is an important finding because Twitter makes
it relatively easy to collect large quantities of image data via
the public Twitter API, compared with the lack of Pinterest
APIs for creating large, unbiased datasets [65]. Unlike prior
work that relied on human analysis of images, we used fully
automated analytics to conduct a comprehensive analysis over
a large dataset. Such techniques can be applied to analyze
vaccine images from other sources and health-related images
in general. To enable future studies, we have released the labeled
datasets that were used to build our vaccine relevance and
sentiment classifiers [41].

Future Directions
We see several avenues of future work. Although our study of
Twitter adds to other work that has studied Pinterest, several
large social media platforms, in which images are prevalent,
have not been examined for vaccine content. These include
Instagram and Facebook. Because effective messaging strategies
need to be tailored for each platform, evidence of vaccine image
effectiveness on these platforms would be welcome.

In addition, we are interested in understanding images beyond
the analytics presented in this paper. For example, what images
are most effective for different campaigns? How do images tie
into existing narratives around vaccination? How are target
populations of vaccination campaigns reflected in images?
Finally, these questions can be applied broadly to public health
awareness campaigns. We plan to extend our methodology to
consider these questions in future work.
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Abstract

Background: Mental disorders such as depression, bipolar disorder, and schizophrenia are common, incapacitating, and have
the potential to be fatal. Despite the prevalence and gravity of mental disorders, our knowledge concerning everyday challenges
associated with them is relatively limited. One of the most studied deficits related to everyday challenges is language impairment,
yet we do not know how mental disorders can impact common forms of written communication, for example, social media.

Objective: The aims of this study were to investigate written communication challenges manifest in online mental health
communities focusing on depression, bipolar disorder, and schizophrenia, as well as the impact of participating in these online
mental health communities on written communication. As the control, we selected three online health communities focusing on
positive emotion, exercising, and weight management.

Methods: We examined lexical diversity and readability, both important features for measuring the quality of writing. We used
four well-established readability metrics that consider word frequencies and syntactic complexity to measure writers’ written
communication ability. We then measured the lexical diversity by calculating the percentage of unique words in posts. To compare
lexical diversity and readability among communities, we first applied pairwise independent sample t tests, followed by P value
adjustments using the prespecified Hommel procedure to adjust for multiple comparison. To measure the changes, we applied
linear least squares regression to the readability and lexical diversity scores against the interaction sequence for each member,
followed by pairwise independent sample t tests and P value adjustments. Given the large sample of members, we also report
effect sizes and 95% CIs for the pairwise comparisons.

Results: On average, members of depression, bipolar disorder, and schizophrenia communities showed indications of difficulty
expressing their ideas compared with three other online health communities. Our results also suggest that participating in these
platforms has the potential to improve members’ written communication. For example, members of all three mental health
communities showed statistically significant improvement in both lexical diversity and readability compared with members of
the OHC focusing on positive emotion.

Conclusions: We provide new insights into the written communication challenges faced by individuals suffering from depression,
bipolar disorder, and schizophrenia. A comparison with three other online health communities suggests that written communication
in mental health communities is significantly more difficult to read, while also consisting of a significantly less diverse lexicon.
We contribute practical suggestions for utilizing our findings in Web-based communication settings to enhance members’
communicative experience. We consider these findings to be an important step toward understanding and addressing everyday
written communication challenges among individuals suffering from mental disorders.

(J Med Internet Res 2018;20(4):e121)   doi:10.2196/jmir.8219
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Introduction

Mental disorders are common, incapacitating [1], and account
for many years of lost productivity [2]. In addition, serious
mental disorders [3] such as depression [4], bipolar disorder
[5], and schizophrenia [6] have the potential to be fatal because
of the increased risk of suicide. Despite the prevalence and
gravity of mental disorders, our knowledge concerning everyday
challenges associated with these conditions is relatively limited,
especially when compared with many physical conditions.

One of the most studied deficits related to everyday challenges
for individuals suffering from depression, bipolar disorder, and
schizophrenia is language impairment [7-12]. Researchers of
these mental disorders have long suspected language impairment
because of deficits in frontal lobe functioning [10,13], which
controls both emotion regulation and language processing.
Language impairment is typically measured through one’s
performance in semantic processing tasks (ie, determining
semantic relationships between a word, phrase, or category
[14-16] or differentiating real words from pseudowords [17,18]
based on an individual’s semantic network [19]) and verbal
fluency tasks (ie, production of words from phonemic or
semantic categories [20-22]). Despite the importance of
language in everyday life, these studies do not illustrate daily
challenges associated with language impairment. Moreover,
generalizability remains uncertain because of small sample size
[7,8], with inconsistent results regarding language impairment
or frontal lobe activities [10,23,24].

Despite its potential for devastating disability, it is unclear how
language impairment manifests in common forms of written
communication, for example, social media communication.
With increasing use of technology comes increasing opportunity
to write. For instance, in 2015, 84% of American adults used
the internet [25], and one of the most frequent uses of the
internet is written communication [26], including
communication on social media. Nearly two-thirds of American
adults use social media, roughly a tenfold increase from a decade
ago [27]. A few social media platforms and online mental health
communities within Reddit, for example, have become a popular
venue for individuals suffering from mental disorders [28].
Reddit supports throwaway and unidentifiable accounts, which
can protect users from social discrimination surrounding mental
disorders [29-31] and allow honest discussions that may not be
appropriate on other social media sites such as Facebook [32].
Reddit also provides contextual information that is relatively
limited in other popular social media platforms (eg, Twitter),
because of length limitations.

It is also known that effortful tasks (ie, requiring attention) such
as expressing thoughts via writing are more difficult than
automatic tasks (ie, not requiring attention) for individuals
suffering from depression and bipolar disorder, whereas both

types of tasks are equally difficult for schizophrenia patients
[33,34]. From previous studies on mental disorders and Reddit
[30,35-37], we can infer that individuals suffering from mental
disorders also frequently engage in written communication, yet
the written communication challenges faced by individuals in
online mental health communities remain unknown.

Examining important features of writing provides an opportunity
to assess members’ written communication skills and any
associated linguistic challenges. For example, a study on writing
quality used linguistic features such as lexical diversity, syntactic
complexity, and word frequency to predict the quality of writing
[38]. In different studies, ease of reading (ie, simple and clear
writing) [39] and text cohesion with respect to text flow [40]
were suggested as some of the most determinant features of
writing quality.

We can examine these features to assess online mental health
community members’written communication challenges. More
specifically, less lexical diversity and poor readability in posts
can be a sign of language impairment. Research on language
impairment has linked significantly less lexical diversity with
specific language impairments [41]. Similarly, poor sentence
structure and difficulties with organization and articulating
ideas, which can be described as insufficient readability [42],
were also associated with language impairment [43].

Readability metrics have been long-studied or used in the field
of communication [39,44], education [45], and informatics
[46-58], including social media writing [58]. Readability metrics
provide quantitative estimates of the ease with which readers
can comprehend a written text. Typically, they are given as an
estimated US grade level by measuring the linguistic
characteristics of a given text [59]. Moreover, readability
metrics, although rudimentary, consider two of the three
aforementioned features associated with writing quality: word
frequencies [39,57,59,60] and syntactic complexity
[38,39,45,57,59-61]. From the perspectives of the writers and
their writing quality, readability metrics can measure the writers’
ability to present ideas simply in a straightforward manner.
According to one of the developers of the readability metrics,
higher readability scores can indicate needless complexity [44]
or writing challenges, such as organization and articulating
ideas. Language impairment can hinder writers’ability to simply
articulate ideas with ease, while using a less diverse lexicon.
Moreover, one benefit of using these readability metrics is that
they are computationally simple and relatively straightforward
to apply. Thus, we use readability along with lexical diversity
(ie, the third writing quality feature) of posts as a proxy for
written communication challenges among individuals suffering
from depression, bipolar disorder, and schizophrenia.

Though mental health and language impairment have been
studied extensively [7-12], less is known about written
communication challenges manifested in social media, as well
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as the effects of long-term participation in online mental health
communities on written communication challenges among
individuals suffering from depression, bipolar disorder, and
schizophrenia disorder. Understanding written communication
challenges among these individuals has implications for treating
mental disorders, managing online mental health communities,
and conducting future research. Despite the importance in
clinical, practical, and public policy implications for mental
health, to our knowledge, the investigation of written
communication challenges utilizing communication in online
mental health communities has not been the focus of previous
research on mental health.

We aim to fill this gap in the literature with this study and
address two research questions (RQ):

RQ1: To what extent do written communication
challenges manifest in online mental health
communities focusing on depression, bipolar disorder,
and schizophrenia? As the control, we selected three
online health communities (OHCs): one with less
emotional challenges and two with less medical or
technical terminology.

RQ2: How would acts of participation (ie, posting to
interact with other members) in online mental health
communities impact members’ written
communication?

Methods

Community Platform
The data for this study consist of submissions and their
associated comments from Reddit’s several topically focused
subcommunities called subreddits. Submissions are posts that
start a conversation, and comments are posts that reply to
submissions or other comments. Reddit is a highly popular
social media platform with more than 82.5 billion page views,
73 million submissions, and 725 million associated comments
from 88,700 active subreddits in 2015 [62]. In addition to
Reddit’s popularity, Reddit has features suitable for protecting
mental health community members’ identity (eg, throwaway
and unidentifiable accounts). Thus, we examined submissions
and comments (posts from here on out to maintain clarity) from
Reddit to investigate written communication challenges among
individuals suffering from potentially stigmatized conditions.

Subreddit Selection
r/depression, r/bipolar, and r/schizophrenia, to our knowledge,
are the largest and most active subreddits for their respective
mental disorders [63-65]. In May 2017, r/depression has been
active for 8 years with 178,921 subscribers [63], r/bipolar has
24,724 subscribers and was formed 8 years ago [64], and
r/schizophrenia has 7036 subscribers and has been active for 7
years [65]. Thus, we selected r/depression, r/bipolar, and
r/schizophrenia as the main communities of interest for
investigating the written communication challenges faced by
individuals in online mental health communities.

To understand the significance of written communication among
r/depression, r/bipolar, and r/schizophrenia members, we
selected r/happy [66], r/loseit [67], and r/bodybuilding [68] for

the controls. We first selected r/happy, a subreddit that was
created to share positive thoughts and happy stories. The
subreddit has been active for 9 years with 116,441 subscribers
as of May 2017 [66]. Members of most OHCs experience
emotional challenges [69-71] from the distress of living
with—or being diagnosed with—a serious condition. However,
we looked for an OHC that is not directly related to mental
disorders, especially depression, to help ensure that this control
group’s written communication challenges are not related to
mental distress even as a secondary symptom. Thus, we selected
the largest and most active, positive, emotion-focused subreddit
in Reddit.

We selected a second OHC, r/loseit, to bolster the quality of
our findings. r/loseit is a subreddit focusing on weight
management and has been a community for 6 years with 425,934
subscribers [67]. We purposely selected a community without
a substantial amount of medical or technical terminology
because a high level of difficult medical or technical terminology
can skew the readability of posts. Although it may be impossible
to select OHCs without any medical or technical terminology,
one study of r/loseit characterized the most-discussed topics of
the community as ordinary health information and management
strategies, which can be described without complex medical or
technical terminology (eg, food, clothing, physical appearance,
workouts, and calorie counting) [72]. Moreover, unlike r/happy,
r/loseit contains a substantial amount of emotional support [73],
which can indicate that the members are facing emotional
challenges similar to many OHCs. Thus, we selected r/loseit,
the largest weight management community in Reddit, as a
second control group.

We selected a third OHC, r/bodybuilding, in which members
are dedicated to passion-centric activities, exercising, and
muscular development. The bodybuilding community has
259,743 subscribers and has been active for 9 years [68]. A
previous study suggested that members of an online
bodybuilding community exchange a considerable level of
emotional support (eg, motivational support and competition
preparation support) and informational support (eg, training
regimes and diets) [74]. The general discussion topics among
bodybuilding community members could be relatively similar
to the discussion topics among members of r/loseit; however,
the two communities could consist of vastly different individuals
with respect to health-related goals and habits. Thus, we include
r/bodybuilding, the largest and most active muscular
development community in Reddit, as the last control group.

Data
First, we used a dataset [75] (publicly available posts from
October 2007 to May 2015) that was collected and archived by
a Reddit member and has been used in several previous studies
[36,76,77]. Second, we extracted posts made in r/depression,
r/bipolar, r/schizophrenia, r/happy, r/loseit, and r/bodybuilding.
We excluded posts that were marked as [deleted] in our
analyses. Third, we removed posts with less than five words to
help ensure the posts have expressive content and thoughts.
Many posts in online communities are short—for example,
one-word answering posts (eg, “yes” and “sure”) that can be
viewed as automatic tasks rather than effortful tasks. These
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posts can skew the results; thus, we removed posts with less
than five words. Fourth, to restrict our investigation to regular
members (ie, exclude throwaway accounts or infrequent
members) of the communities, we confined our analysis to
members (ie, unique member IDs) who have four or more
meaningful posts (ie, posts with five or more words) in the
specific subreddit. In a different study [78], a similar threshold
was used to determine lurkers who are not yet regularly
contributing members. We used a similar threshold to identify
regular members. We summarize the OHC dataset in Table 1.

The research reported in this study was exempted from review
by the University of Utah’s institutional review board (IRB;
ethics committee; IRB 00076188) under Exemption 2 as defined
in US Federal Regulations 45 CFR 46.101(b).

Research Question 1: Analysis for Communication
Challenges in Social Media
To understand how language impairment manifests in written
communication, we first measure the readability of posts.
Readability of posts assesses writers’ ability to simply and
clearly present ideas. To assess readability, we used
Flesch-Kincaid grade level [60], Simple Measure of
Gobbledygook (SMOG) index [59], Gunning Fog index [39],
and Linsear Write formula [61], all of which are widely used
metrics in readability studies [47-56]. Even though readability
metrics have been shown to correlate with one another [46],
different readability metrics can still generate a range of results.
To increase the reliability of our results, we calculated the mean
of the four readability metrics, following the procedures of
previous studies [47,48]. Additionally, we used min-max
normalization in our analyses to give equal weight to each
readability metric (readability score from here on out to
maintain clarity); however, we also report the complete
readability results by each readability metric and the mean
before the normalization. To automatically perform the
readability analysis, we used the open-source Python textstat
package [79].

To calculate the mean of readability scores for each subreddit,
we first calculated the mean of readability scores for individual
members, then we calculated the mean for each subreddit. Next,
we normalized the mean of readability scores for individual
members based on minimum and maximum values of the
specific communities. This two-step process is to prevent one
prolific member skewing the mean of a subreddit. We then
measured the lexical diversity by calculating the percent of
unique words in posts (ie, the number of unique words divided

by the number of total words) with the same two-step process,
excluding the normalization process.

To compare readability scores and lexical diversity among
different subreddits, we first conducted pairwise independent
sample t tests, followed by P value adjustments using the
prespecified Hommel procedure [80] to adjust for multiple
comparisons. Given the large sample of members, we also
reported effect sizes (d) using Cohen d [81], as well as 95% CI
for the pairwise comparisons, following suggestions of a
previous study [82]. The effect sizes were interpreted as d
(.01)=very small, d (.2)=small, d (.5)=medium, d (.8)=large, d
(1.2)=very large, and d (2.0)=huge [81,83]. We used the
open-source R lsr package to measure the effect size [84].

To bolster our findings, we manually examined the validity of
using readability scores for the purpose of measuring
communication challenges. Because high readability scores can
also indicate sophisticated language with complex sentence
structure, we manually analyzed a randomly selected sample
of 120 posts (ie, 20 posts from each subreddit) after controlling
for the post lengths and readability scores: 60 posts with high
readability scores (ie, top 5% readability scores of a respective
subreddit) and 60 posts with low readability scores (ie, bottom
5% readability scores of a respective subreddit). Furthermore,
we manually assigned these posts into high and low readability
groups to compare readability scores against manual judgments.

Research Question 2: Analysis for Change of
Communication Over Time in Social Media
To measure the change of readability and lexical diversity of
posts made by each member participating in the six subreddits,
we first calculated the readability scores and lexical diversity
of individual posts. Then, we organized each post’s readability
score and lexical diversity according to the posting time
per-member basis for the subreddit. Next, we applied linear
least squares regression to them against the interaction sequence
(ie, determined by the posting time) for each member. We
performed linear least squares regression against the interaction
sequence rather than time because we are interested in the
change caused by each interaction rather than time. We reported
the mean of slopes for readability scores and lexical diversity
to reflect the overall changes in members in each of the six
subreddits. Next, we applied pairwise independent sample t
tests and the Hommel procedure. We then reported effect sizes
and 95% CIs as we did in RQ1. For both analyses, we also
reported a comparison among r/happy, r/loseit, and
r/bodybuilding to deepen our understanding of the effects of
emotional challenges in language impairment.

Table 1. Summary of the dataset.

Number of membersNumber of postsDatesSubreddit

34,685526,470December 2008 to May 2015r/depression

5019146,328January 2010 to May 2015r/bipolar

89622,273October 2012 to May 2015r/schizophrenia

643370,516January 2008 to May 2015r/happy

46,3671,054,949July 2010 to May 2015r/loseit

18,927724,190August 2009 to May 2015r/bodybuilding
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Results

Research Question 1: Analysis for Communication
Challenges in Social Media
We captured the mean and SE for (1) individual readability
scores measured by four different metrics, (2) mean readability
scores of the four metrics, (3) normalized mean readability
scores of the four metrics, (4) lexical diversity, and (5) the total
number of words in posts for each of the five communities
(Table 2). On average, posts from r/schizophrenia were found
to be the most difficult to read (ie, highest normalized readability
scores), followed by posts from r/bipolar, r/depression, r/loseit,
r/happy, and then r/bodybuilding. Lexical diversity showed a
similar trend. On average, posts from r/happy had the most
diverse lexicon, followed by posts from r/bodybuilding, r/loseit,
r/bipolar, r/schizophrenia, and then r/depression. Figure 1
presents a scatter plot of the mean readability scores and lexical
diversity among six different subreddits.

We then conducted pairwise independent sample t tests to
compare readability scores and lexical diversity of each
subreddit to understand the differences between two subreddits.
Pairwise comparisons of normalized readability scores among
subreddits are shown in Table 3.

Posts from r/bodybuilding, r/happy, and r/loseit were statistically
significantly more simply written than posts from r/depression,
r/bipolar, and r/schizophrenia in terms of syntactic complexity
and word frequency that were measured in readability. The
effect sizes were also in between medium to huge when
readability scores of r/happy, r/loseit, and r/bodybuilding were
compared to readability scores of r/depression, r/bipolar, and
r/schizophrenia. Table 3 summarizes these findings.

Pairwise comparisons of lexical diversity showed similar results
(Table 4). Posts from r/happy and r/bodybuilding used a
significantly more diverse lexicon than the posts from
r/depression, r/bipolar, and r/schizophrenia. The effect sizes
ranged between very large to huge. Posts from r/loseit also had
a significantly more diverse lexicon and had medium to large
effect sizes than the posts from the three mental health
subreddits. Differences in lexical diversity among posts from
the three mental health subreddits had very small to small effect
sizes. The lexical diversity differences between posts from

r/bipolar and r/depression, as well as between r/schizophrenia
and r/depression were statistically significant; however, posts
from r/bipolar and r/schizophrenia were not significantly
different. Interestingly, a significant difference with large to
very large effect size of lexical diversity was found between
the posts from r/happy and r/loseit as well. Table 4 summarizes
findings on lexical diversity differences.

In our manual analyses, we found that both high and low
readability score posts resembled common internet
communication and was void of sophisticated writing. However,
we encountered several inadequately articulated posts, many in
the form of run-on sentence structure. Using inadequate
articulation as a guide, we manually assigned 120 posts into
high or low readability groups. The manual assessment agreed
with the readability score 68% of the time (82 out of 120). The
readability score and manual assessment had higher agreement
in posts from mental health subreddits compared with the control
groups. Mental health subreddits, r/depression, r/bipolar, and
r/schizophrenia, had 80%, 80%, and 90% agreement,
respectively. Conversely, the control subreddits, r/happy, r/loseit,
and r/bodybuilding, had 40%, 70%, and 50% agreement,
respectively.

Research Question 2: Analysis for Change of
Communication Over Time in Social Media
To understand the effects of participating in online mental health
communities with respect to their written communication, we
applied linear least squares regression to readability scores and
lexical diversity against the interaction sequence.

Members of the three mental health subreddits showed
improvement in both readability scores (ie, negative slope for
improvement) and lexical diversity (ie, positive slope for
improvement). Among the mental health subreddits, r/bipolar
showed the most improvement, followed by r/depression and
r/schizophrenia for readability scores. For lexical diversity,
members improved in order of r/bipolar, r/schizophrenia, and
then r/depression. Members of r/bodybuilding had the biggest
improvement in readability scores, and members of r/loseit also
improved in both readability scores and lexical diversity.
Members of r/happy only improved in lexical diversity (Table
5).

Table 2. Communication challenges in members. Variables are reported as the mean (SE) of readability scores, normalized mean of readability scores,
lexical diversities, and the total number of words in posts for each community. SMOG: Simple Measure of Gobbledygook.

Total number of

words in posts,

mean (SE)

Lexical

diversity,

mean (SE)

Four metrics,

normalized

mean (SE)

Four metrics,

mean (SE)

Linsear Write

formula,

mean (SE)

Gunning Fog

index,

mean (SE)

SMOG

index,

mean (SE)

Flesch-Kincaid

grade, mean (SE)

Subreddit

29.10 (0.25)0.93 (0.001)0.06 (0.0003)7.11 (0.02)5.22 (0.02)16.76 (0.03)1.61 (0.02)4.83 (0.03)r/happy

34.01 (0.16)0.92 (0.0003)0.05 (0.0001)7.51 (0.01)5.90 (0.01)17.21 (0.02)1.92 (0.01)5.03 (0.02)r/bodybuilding

52.37 (0.16)0.88 (0.0003)0.08 (8.3e-05)7.64 (0.01)6.06 (0.01)16.76 (0.01)2.90 (0.01)4.83 (0.01)r/loseit

76.24 (0.29)0.84 (0.0004)0.09 (0.0001)8.25 (0.01)6.69 (0.01)17.05 (0.01)3.74 (0.01)5.53 (0.01)r/depression

69.76 (0.62)0.85 (0.001)0.13 (0.0004)8.58 (0.02)6.72 (0.03)17.80 (0.03)3.92 (0.02)5.88 (0.03)r/bipolar

72.10 (1.65)0.85 (0.002)0.16 (0.001)9.16 (0.06)7.26 (0.09)18.55 (0.08)4.17 (0.07)6.67 (0.08)r/schizophrenia
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Figure 1. An overview of mean readability scores and lexical diversity among the six subreddits. The gray dotted lines represent the mean of the axes.
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Table 3. Pairwise t test of the normalized average scores of four metrics.

Effect size (d)95% CIAdjusted P value (Hommel)P valuet valueSubreddit Comparison (ordered by readability scores)

r/schizophrenia

0.97 (large-very large)0.03-0.03<.001<.00122.52vs r/bipolar

3.18 (huge)0.07-0.07<.001<.00152.70vs r/depression

4.43 (huge)0.08-0.08<.001<.00162.71vs r/loseit

3.46 (huge)0.09-0.09<.001<.00168.90vs r/happy

5.64 (huge)0.10-0.11<.001<.00181.41vs r/bodybuilding

r/bipolar

1.70 (very large-huge)0.04-0.04<.001<.00185.94vs r/depression

2.62 (huge)0.05-0.05<.001<.001116.99vs r/loseit

2.26 (huge)0.06-0.06<.001<.001116.71vs r/happy

3.64 (huge)0.07-0.08<.001<.001169.66vs r/bodybuilding

r/depression

0.67 (medium-large)0.01-0.01<.001<.00192.43vs r/loseit

1.08 (large-very large)0.02-0.02<.001<.00171.60vs r/happy

1.90 (very large-huge)0.04-0.04<.001<.001222.10vs r/bodybuilding

r/loseit

0.55 (medium-large)0.01-0.01<.001<.00132.69vs r/happy

1.39 (very large-huge)0.02-0.02<.001<.001163.41vs r/bodybuilding

r/happy

0.74 (medium-large)0.01-0.01<.001<.00143.57vs r/bodybuilding
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Table 4. Pairwise t test of lexical diversity.

Effect size (d)95% CIAdjusted P value (Hommel)P valuet valueSubreddit Comparison (ordered by readability scores)

r/happy

0.30 (small-medium)0.01 to 0.01<.001<.00120.83vs r/bodybuilding

0.89 (large-very large)0.05 to 0.05<.001<.00180.58vs r/loseit

1.57 (very large-huge)0.08 to 0.08<.001<.00180.04vs r/bipolar

1.80 (very large-huge)0.08 to 0.09<.001<.00136.89vs r/schizophrenia

1.42 (very large-huge)0.09 to 0.09<.001<.001143.16vs r/depression

r/bodybuilding

0.66 (medium-large)0.03 to 0.03<.001<.00184.41vs r/loseit

1.40 (very large-huge)0.06 to 0.07<.001<.00174.10vs r/bipolar

1.54 (very large-huge)0.06 to 0.07<.001<.00131.70vs r/schizophrenia

1.30 (very large-huge)0.08 to 0.08<.001<.001163.08vs r/depression

r/loseit

0.59 (medium - large)0.03 to 0.03<.001<.00136.78vs r/bipolar

0.64 (medium-large)0.03 to 0.04<.001<.00116.09vs r/schizophrenia

0.74 (medium-large)0.04 to 0.05<.001<.001100.61vs r/depression

r/bipolar

0.05 (very small-small)−0.002 to 0.01.23.231.21vs r/schizophrenia

0.19 (very small-small)0.01 to 0.01<.001<.00113.63vs r/depression

r/schizophrenia

0.14 (very small-small)0.01 to 0.01<.001<.0014.41vs r/depression

Table 5. Writing quality changes in members. Variables are reported as the mean (SE) of slopes for readability scores, normalized mean of slopes for
readability scores, slope of lexical diversities, and slope of the total number of words in posts for each community. SMOG: Simple Measure of
Gobbledygook.

Total number of

words in posts,

mean (SE)

Lexical

diversity,

mean (SE)

Four metrics,

normalized

mean (SE)

Four metrics,

mean (SE)

Linsear Write

formula,

mean (SE)

Gunning Fog

index,

mean (SE)

SMOG

index,

mean (SE)

Flesch-Kincaid

grade, mean (SE)

Subreddit

−0.002 (0.001)0.34 (0.23)0.13 (0.56)−0.01 (0.01)−0.01 (0.01)−0.004
(0.003)

0.0002
(0.01)

−0.01 (0.005)r/happy

−0.01 (0.001)3.85 (0.34)−15.22 (5.17)−0.10 (0.03)−0.29 (0.22)−0.06 (0.04)−0.21
(0.10)

−0.05 (0.01)r/bodybuilding

−0.005 (0.0006)0.93 (0.88)−5.37 (1.74)−0.03 (0.01)−0.02 (0.01)−0.02 (0.02)−0.08
(0.04)

−0.002 (0.005)r/loseit

−0.01 (0.0003)2.40 (0.10)−5.59 (0.32)−0.05 (0.005)−0.04 (0.004)−0.01
(0.003)

−0.06
(0.004)

−0.03 (0.004)r/depression

−0.01(0.001)5.04 (0.48)−9.12 (1.02)−0.14 (0.02)−0.12 (0.02)−0.03 (0.01)−0.14
(0.02)

−0.09 (0.01)r/bipolar

−0.01 (0.002)3.89 (0.89)−4.69 (1.25)−0.07 (0.03)−0.07 (0.04)0.005 (0.02)−0.09
(0.02)

−0.02 (0.02)r/schizophrenia
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Table 6. Pairwise t test of changes of the normalized average readability scores.

Effect size (d)95% CIAdjusted P value (Hommel)P valuet valueSubreddit Comparison (ordered by readability scores)

r/happy

0.11 (very small-small)2.13 to 7.51.01<.0013.52vs r/schizophrenia

0.02 (very small-small)1.92 to 9.08.03.0033.01vs r/loseit

0.10 (very small-small)4.46 to 6.99<.001<.0018.87vs r/depression

0.16 (very small-small)6.98 to 11.53<.001<.0017.98vs r/bipolar

0.02 (very small-small)5.17 to 25.54.03.0032.95vs r/bodybuilding

r/schizophrenia

0.002 (very small)−3.52 to 4.88.90.750.32vs r/loseit

0.02 (very small-small)−1.64 to 3.44.90.490.70vs r/depression

0.07 (very small-small)1.27 to 7.59.05.012.75vs r/bipolar

0.02 (very small-small)0.11 to 20.95.24.051.98vs r/bodybuilding

r/loseit

0.0008 (very small)−3.25 to 3.69.90.900.12vs r/depression

0.01 (very small-small)−0.20 to 7.70.31.061.86vs r/bipolar

0.02 (very small-small)−0.84 to 20.53.35.071.81vs r/bodybuilding

r/depression

0.06 (very small-small)1.44 to 5.62.01.0013.31vs r/bipolar

0.02 (very small-small)−0.52 to 19.77.31.061.86vs r/bodybuilding

r/bipolar

0.01 (very small)−4.22 to 16.42.90.251.16vs r/bodybuilding

To understand the significance of the changes in readability
scores and lexical diversity, we compared the changes that
occurred in the three mental health subreddits against r/happy,
r/bodybuilding, and r/loseit via pairwise independent sample t
tests. The overall comparisons of readability scores among
subreddits are shown in Table 6.

Subreddit comparisons indicate that the readability of posts by
members of all three mental health subreddits improved
significantly more than members of r/happy. Yet, the effect
sizes for those comparisons were very small to small. Moreover,
only the readability of posts by members of r/bipolar improved

significantly more than posts by members of r/depression and
r/schizophrenia, with very small to small effects among the
pairwise comparison of three mental health subreddits.

Members of r/bipolar also had the most improvement in terms
of lexical diversity and significantly more than members of
r/depression, r/loseit, and r/happy, albeit the effect sizes were
very small to small (Table 7). Furthermore, members of
r/schizophrenia and r/depression improved significantly more
than members of r/happy; however, no significant difference
was found against r/loseit.
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Table 7. Pairwise t test of lexical diversity changes.

Effect size (d)95% CIAdjusted P value (Hommel)P valuet valueSubreddit Comparison (ordered by readability scores)

r/bipolar

0.03 (very small-small)−0.83 to 3.13.76.251.14vs r/schizophrenia

0.03 (very small-small)0.03 to 2.36.22.042.01vs r/bodybuilding

0.12 (very small-small)1.68 to 3.61<.001<.0015.35vs r/depression

0.02 (very small-small)2.14-6.08<.001<.0014.09vs r/loseit

0.18 (very small-small)3.65 to 5.75<.001<.0018.77vs r/happy

r/schizophrenia

0.001 (very small)−1.82 to 1.91.96.960.04vs r/bodybuilding

0.08 (very small-small)−0.26 to 3.24.38.091.68vs r/depression

0.02 (very small-small)0.51 to 5.41.12.022.37vs r/loseit

0.18 (very small-small)1.75 to 5.35<.001<.0013.88vs r/happy

r/bodybuilding

0.05 (very small-small)0.75 to 2.15<.001<.0014.05vs r/depression

0.02 (very small-small)1.06 to 4.77.02.0023.08vs r/loseit

0.08 (very small-small)2.69 to 4.32<.001<.0018.45vs r/happy

r/depression

0.01 (very small-small)−0.27 to 3.21.39.101.66vs r/loseit

0.11 (very small-small)1.56 to 2.55<.001<.0018.16vs r/happy

r/loseit

0.003 (very small)−1.2 to 2.37.96.520.64vs r/happy

Discussion

Principal Findings
We examined the issue of written communication challenges
using readability and lexical diversity of posts from publicly
accessible online mental health communities on Reddit. We
found that on average, members of depression, bipolar disorder,
and schizophrenia subreddits wrote posts that are significantly
more difficult to read and had significantly less lexical diversity
when compared with three other OHCs focusing on positive
emotion, exercising, and weight management.

We also found that as members of mental health communities
participated more in the community, they wrote posts that were
easier to read with more lexical diversity. Interestingly, members
of other OHCs also improved, with the exception of readability
scores of r/happy members. Only r/bipolar members showed
statistically significant improvement in lexical diversity
compared with members of the two other OHCs (r/happy and
r/loseit), while showing statistically significant improvement
compared with r/happy in terms of readability scores. Compared
with r/happy members, r/depression and r/schizophrenia
members also significantly improved in both examined features.

Another interesting finding is readability scores and lexical
diversity of r/loseit, in which members could have depressive
symptoms because of the distress of being overweight. The
readability scores and lexical diversity of r/loseit were in
between r/happy and three mental health subreddits. Still, the

posts from r/loseit were statistically significantly easier to read
with more lexical diversity (medium to huge effect sizes)
compared with the three mental health subreddits. However,
posts from r/loseit were statistically significantly harder to read
(medium to large effect size), with less lexical diversity (large
to very large effect size) compared with r/happy. Members of
r/bodybuilding and r/happy wrote more similar to one another
than to members of r/loseit in terms of readability scores and
lexical diversity.

Despite the possible language impairment faced by members
of mental health communities, their real-life communication
challenges are unknown. To our knowledge, this is the first
study to show mental health community members’ written
communication challenges occurring in the real world using
social media.

Practical Implication for Online Communication and
Mental Health
Our analyses suggest that members of online mental health
communities could encounter incoherent texts because of the
language impairment of other members. Automatically
correcting misspellings [85], simplifying language [86], and
improving text coherence [87] in posts could enhance the
readability of posts and the overall experience of participating
in these communities.

Many online communities, including many Reddit’s subreddits,
utilize moderators to regulate content and support members. A
number of automated systems have been suggested to assist
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moderators and reduce moderator burden [88]. Similarly, an
adaptation of our automatic analysis method could be a basis
for detecting individuals whose lexical diversity and readability
of posts are worsening in massive scale networks. This could
indicate worsening of mental disorder symptoms, and such a
feature could alert and allow moderators to provide timely
support.

We also showed the potential for improving written
communication via more frequent writing in online mental
health communities. Designing features of online mental health
communities for the purpose of improving written
communication can enhance the everyday life of individuals
suffering from mental conditions. For example, a place for
expressive writing can improve their symptoms [89,90] and
possibly help with their written communication challenges.

User Privacy
Research using publicly accessible social media data (such as
Reddit) is typically granted exemption from review by IRBs in
the US context; however, ethical considerations such as privacy
remain critical [91-93]. In this paper, we do not report any user
identifiable information to protect user privacy (eg, direct
quotations and usernames).

Limitation and Future Directions
Our study has several limitations. A number of confounding
factors such as individuals’premorbid-intelligence, -verbal skill
and -education level, as well as demographic and geographical
characteristics [9] could influence the writing quality other than
language impairment. Other possible confounding factors
associated with group dynamics and mental health conditions
include the communication practices and cultures of specific
subreddits, as well as medication and substance use of
individuals suffering from mental health conditions.
Furthermore, we assumed that high readability scores are
reflecting inadequate articulation or organization by writers.
Although inadequate articulation and organization can increase
readability scores, high readability scores can also be because
of sophisticated language and complex sentence structure.
However, we did not encounter sophisticated writing in our
manual assessment, and it is unlikely that such sophistication
and complexity are highly prevalent in everyday communication.
Similarly, we do not know how readability scores were
influenced by common online communication attributes such
as slang, abbreviation, community nomenclature, and
misspellings [85], or how lexical diversity was impacted by
number of topics and change of topics [94]. However, these
online communication attributes are more likely to occur in all
subreddits, and thus, affecting the readability scores in a similar
manner. Reddit is a widely used platform more frequently used
by young males [95,96] in English-speaking nations [96].
Despite more user activities from English speaking nations
(85%) [96], it is unclear how participation by English as second
language speakers is affecting the results. Additionally, members

who choose to participate in r/depression, r/bipolar, and
r/schizophrenia are not necessarily representative of their
respective populations and are subject to selection bias.
Similarly, we do not have any evidence that members of these
three mental health subreddits are clinically diagnosed; the
severity of their condition is unknown, and overlapping
memberships could exist in these subreddits. However, one of
the main limitations of previous studies were small sample sizes
[7,8], which could be the underlying reason for the inconsistent
results [10,23,24]. Thus, given the size of r/depression, r/bipolar,
and r/schizophrenia, the prevalence and gravity of mental
disorders, the increasing popularity of social media, and the
potential challenges associated with daily use of social media
make Reddit an interesting platform to study.

Although beyond the scope of this study, further investigation
regarding readability metrics may be needed for more accurately
determining the grade reading level [46]. We selected readability
metrics based on the literature in which the metrics have been
validated or used [44,46-56]. However, we noticed a disparity
among the metrics. For example, readability scores by Gunning
Fog index were far greater than the other three metrics. SMOG
index resulted in readability scores that were less than the other
metrics. Despite the apparent differences, the scores were
correlated with one another as a previous study suggested [46],
and we used the mean of normalized scores of four readability
metrics to strengthen the reliability of our findings. Due to the
consistent statistical results, we believe that these four metrics
can measure the general difficulty of readability. We also
acknowledge that our large sample size could have inflated the
statistical significance levels. Thus, we reported 95% CIs and
used effect sizes when interpreting the results. Another
interesting future direction would be to investigate why members
are improving and longitudinal changes in written
communication with respect to prolonged participation in online
mental health communities. In this study, we only examined
the overall impact of participation in online mental health
communities; however, understanding how members are
improving their written communication skills could potentially
inform the design of related patient education programs.

Conclusions
We provide new insights into the written communication
challenges faced by individuals suffering from depression,
bipolar disorder, and schizophrenia. A comparison of mental
health communities to three other OHCs suggests that writings
in mental health communities were significantly more difficult
to read, while consisting of a significantly less diverse lexicon.
Our findings also suggest that participating in these subreddits
has the potential to improve members’ written communication
over time. We contribute practical suggestions for utilizing our
findings in online communication settings to enhance members’
communicative experience. We consider these findings to be
an important step toward understanding written communication
challenges among individuals suffering from mental disorders.
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Abstract

Background: Clinical trials pose potential risks in both communications and management due to the various stakeholders
involved when performing clinical trials. The academic medical center has a responsibility and obligation to conduct and manage
clinical trials while maintaining a sufficiently high level of quality, therefore it is necessary to build an information technology
system to support standardized clinical trial processes and comply with relevant regulations.

Objective: The objective of the study was to address the challenges identified while performing clinical trials at an academic
medical center, Asan Medical Center (AMC) in Korea, by developing and utilizing a clinical trial management system (CTMS)
that complies with standardized processes from multiple departments or units, controlled vocabularies, security, and privacy
regulations.

Methods: This study describes the methods, considerations, and recommendations for the development and utilization of the
CTMS as a consolidated research database in an academic medical center. A task force was formed to define and standardize the
clinical trial performance process at the site level. On the basis of the agreed standardized process, the CTMS was designed and
developed as an all-in-one system complying with privacy and security regulations.

Results: In this study, the processes and standard mapped vocabularies of a clinical trial were established at the academic
medical center. On the basis of these processes and vocabularies, a CTMS was built which interfaces with the existing trial systems
such as the electronic institutional review board health information system, enterprise resource planning, and the barcode system.
To protect patient data, the CTMS implements data governance and access rules, and excludes 21 personal health identifiers
according to the Health Insurance Portability and Accountability Act (HIPAA) privacy rule and Korean privacy laws. Since
December 2014, the CTMS has been successfully implemented and used by 881 internal and external users for managing 11,645
studies and 146,943 subjects.
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Conclusions: The CTMS was introduced in the Asan Medical Center to manage the large amounts of data involved with clinical
trial operations. Inter- and intraunit control of data and resources can be easily conducted through the CTMS system. To our
knowledge, this is the first CTMS developed in-house at an academic medical center side which can enhance the efficiency of
clinical trial management in compliance with privacy and security laws.

(J Med Internet Res 2018;20(4):e103)   doi:10.2196/jmir.9312

KEYWORDS

clinical trial; information systems; academic medical center; information technology; privacy

Introduction

Background
Clinical trials can pose potential risks and hurdles in
communication between parties due to the many stakeholders
involved, namely pharmaceutical companies, clinical research
organizations (CROs), health authorities, ethical committees or
institutional review boards (IRBs), courier vendors, and
academic medical centers [1-4]. Given the wide scope and high
volume of participants in clinical trials conducted nowadays,
efficiency is a critical issue at site level during the trial [1,4].
These challenges arise due to the various authorities involved
which gives rise to conflicting administrative processes,
dysfunctional communications with the IRB, limitation of
real-time data access for both investigators and authorities to
consistently keep patients on track, limited personnel and/or
infrastructural resources, noncompliance due to flaws in
reporting, and omission of major events for awards and stipends.
Furthermore, poor monetary management problems such as
billing and checking problems can occur. These challenges can
lead to subsequent controversy in future compliance [4-9].

To address the challenges outlined above, pharmaceutical
companies and CROs have developed supportive tools such as
clinical trial management systems (CTMSs) [2]. CTMSs enable
the centralization of the clinical trial process, thereby reducing
the number of procedural errors and enhancing communications
among multiple stakeholders by providing timely metrics
updates on a real-time basis [10]. Academic medical centers,
however, have reported that proper utilization of commercial
CTMSs poses certain operational hurdles [6,9-11].

Objectives
As the academic medical center must manage the patient’s
sensitive data compared with the pharmaceutical company, the
security of the system should be considered in development.
Moreover, academic medical centers have to make extra efforts
to establish a system that is able to link pre-existing systems
such as the health information system (HIS; subject
management), electronic institutional review board (e-IRB;
study approval), and enterprise resource planning (ERP)
program (contract and budget of clinical trial) [12]. Therefore,
the academic medical center can gain greater benefits from
utilizing a centralized CTMS as its integrated research database,
because copious volumes of medical data are often collected
and saved in separately-operated systems. The overall objective
of this study was to describe the methods, considerations, and
recommendations for the development and utilization of CTMS
as a consolidated research database in an academic medical

center. We focused on the standardization of clinical trial
processes and terminologies, enabling system interface among
the legacy systems, and compliance with regulations of security
and privacy of clinical data to better manage the whole process
of clinical trials performed at academic medical centers.

Methods

Overview
This CTMS was launched in a tertiary hospital, Asan Medical
Center (AMC). AMC is one of the largest academic medical
centers in Asia, housing more than 2700 inpatient beds, and
having around 10,000 patients visiting the outpatient clinics per
day on average. Moreover, around 1100 clinical studies are
initiated and conducted in the center every year, and it is one
of the centers with the highest numbers of clinical trials in
Korea. AMC has obtained and retained full accreditation from
the Association for the Accreditation of Human Research
Protection Program since 2013, and the AMC IRB has received
accreditation from the Forum for Ethical Review Committees
in the Asian and Western Pacific Region since 2006.

Since 1997, the AMC clinical trial center (CTC) has been
designated as a specialized institution for conducting clinical
trials. AMC CTC was designated as the Global Center of
Excellence by the Ministry of Health and Welfare in 2012.

Task Force Activities for System Development
The first step in the system development was to identify the
tasks and longitudinal challenges that should be handled by the
system, thereby establishing detailed system requirements. To
identify and verify the system requirements from various
stakeholders for developing a site-level CTMS, AMC organized
a task force for 14 months from November 2013 to December
2014. The task force consisted of 17 stakeholders in clinical
trial and research (including principal investigators, clinical
research coordinator, clinical research associate, pharmacist,
contract specialist, budget specialist information technology
(IT) experts, relevant IRBs, and information protection
subcommittee). All authors of this paper participated in this
task force. Following 6 topics are discussed in this task force:
(1) define clinical trial processes at the site- and unit-specific
level, (2) define data governance and access rules for each
member and member’s unit, (3) define and match controlled
vocabulary and annotation rules to represent clinical trial data,
(4) define system requirements for each department, (5) define
an interfacing strategy between CTMS and legacy systems
(e-IRB, ERP, and HIS), and (6) define data protection strategies
based on international and domestic law. For this purpose, 56
stakeholders were interviewed 25 times, and the resulting data
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were used by the CTMS task force for developing site-level
CTMS. On the basis of these results from CTMS task force, we
define a strategy, a process, and guidelines for building and
managing site-level CTMS.

System Development
The basic architecture for building CTMS was defined as
follows, which involved all members of the aforementioned
CTMS task force. The first step to building CTMS was defining
the trial processes at the site level. The next step was to define
and extract vocabulary from actual clinical trial data. The
vocabulary set was matched with the standard terminology,
namely the Clinical Data Interchange Standards Consortium
(CDISC)-controlled vocabulary version P29 [13]. We then
identified the tasks of all departments involved in the clinical
trial and collected the system requirements through the analysis
of necessary functions and data for each task (needed for
computerization and collaboration, characteristics of generated
data, access to data, etc). Table 1 shows the categories and
features for management of overall clinical trials at the site
level.

Finally, we designed the system architecture for developing
CTMS at the site level, which includes modeling the database
scheme, specific user interface (UI), and user experience (UX)
design. In all the above system development processes, we
referenced official guidelines from the US Food and Drug
Administration (FDA) and the Australian Therapeutic Goods
Administration (TGA). The US FDA has outlined a guidance
document addressing computerized systems used in clinical
investigations, otherwise known as 21 Part 11 [14] and the

Australian TGA has developed a set of notes on Good Clinical
Practice (GCP) [15]. They are used to protect research subjects,
manage consent, and comply with reporting obligations to
regulatory agencies such as IRB, US FDA, and Korean Ministry
of Food and Drug Safety. Each function of the CTMS is
intended to ensure that key stakeholders in clinical trials
effectively comply with GCP and FDA 21 Part 11, the regulation
for managing electronic clinical trial data. For example, we
implemented the single sign-on function for authority check,
leaving a log of all events occurring in the CTMS and managing
the training log of the participants. To protect personal
information, the Health Insurance Portability and Accountability
Act (HIPAA) and Korean Privacy Act have been followed when
designing and building the system.

A total of 12 months was spent on system development. The
first 3 months were spent for collecting unit and user
requirements, 2 months were spent on designing systems such
as the database scheme, UI, UX, and terminology, 5 months
were spent on developing, and the remaining 2 months were
spent on system deployments. The evaluation of this system
was carried out by monitoring the change of clinical test
management flow in the schedule management for subjects
according to CTMS introduction. AMC CTMS was built in the
IBM Advanced Interactive eXecutive 6.1 server using JAVA
6, Oracle 11g, Apache 2.2.27, and Weblogic 10.3.6.0. CTMS
can be accessed via all major internet browsers such as Chrome,
Safari, Internet Explorer, Edge, and Firefox. Communication
between server and system was secured with a Hypertext
Transfer Protocol Secure in combination with a Secure Sockets
Layer or Transport Layer Security protocol.
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Table 1. The categories and features for management of overall clinical trials at the site level. The clinical trial management system (CTMS) features
are divided into 3 types: inputting data, receiving an interface through a different system, and automatically calculating.

DescriptionFeaturesCategory

The study listed in the CTMSb is an IRBc approved study. IRB and CTMS
are shared daily with the system interface. Additional study may be regis-
tered by the user

Study listaStudy management

Ability to show a record of all events (additions, modifications, deletions)
taking place in the study

Status historyd

Ability to manage timeline of study (eg, Regulatory Complete)Milestone managementd

Ability to manage clinical trial contract information (contract timeline,
stakeholders, negotiations, etc)

Contract managementd

Management functions for budgeting and execution of research fundsBudget managementd

Ability to manage all documents generated during clinical trials (separated
by department)

Document managementd

Ability to manage information about another site when carrying out mul-

tisite research by AROe
Site managementdSite management

Ability to manage communication with a site or other organization by
ARO

Communication and contact information

managementd

Ability to manage information about interventional product, vendor,
sponsor by ARO

Investigational productd

Ability to manage subject information automatically interface with HISgSubject managementfSubject management

Ability to manage the subject's schedule is automatically displayed in
calendar form through the patient management function

Subject scheduling calendarf

Ability to manage the quality control of subject includes informed consent,
adverse event, protocol deviation, and inclusion or exclusion criteria
managing for each subject

Quality control managementd

Ability to manage the registration of healthy volunteer recruitment an-
nouncement and healthy volunteer pool management

Healthy volunteer announcement listd

IRB approval and related data management ability for each site in case of
multisite research

IRB regulatory listdClinical monitoring

MFDS approval and related data management abilityMFDSh regulatory listd

Ability to manage information about site visit status and resultsSite visit listd

Ability to manage information related to site-specific protocol deviationProtocol deviation listd

Ability to manage information related to site-specific SAESAEd,i list

Ability to manage feasibility request from sponsorsFeasibility request managementdExternal request management

Provides clinical trial advisor request management from external pharma-
ceutical companies

PRIMSd,j

Provides clinical trial management functions related to medical devices
coming from external organizations

Clinical trial management of medical

devicesd

Ability to manage medical device calibration informationMedical equipment managementaResource management

Ability to manage the clinical drug import and exportDrug managementd

Ability to manage the biomaterial obtained during clinical trialsBiomaterial managementa

Ability to manage spaces for monitoring by external clinical research as-
sociate (CRA)

Monitoring room managementd

Ability to manage investigator profile of our organizationInvestigator profiled

Ability to manage training for clinical trial worker in inside and outside
organization

Education managementdEducation management
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DescriptionFeaturesCategory

Supports SOP management, training, and automatic notification by the
unit

SOPd,k Education

Support for unit member management, CTMS page access right and posi-
tion management

Unit member managementdUnit management

Demonstrate the data generated by the education manager for the education
management of unit members

Member education managementd

Provides management functions for tasks to be performed by each user.
The task is automatically generated by CTMS such as request confirmation
to obtain clinical patient consent form

To-do list managemente

aThe interface.
bCTMS: Clinical Trial Management System.
cIRB: Institutional Review Board.
dInputted directly by the user.
eARO: academic research organization.
fAutomatic calculation.
gHIS: Health Information System.
hMFDS: Ministry of Food and Drug Safety.
iSAE: Serious Adverse Event.
jPRIMS: Preclinical and eaRly ClInical Support program.
kSOP: Standard Operating Procedure.

Results

We successfully developed and introduced the CTMS to AMC
to manage the large amount of data involved in clinical trial
operations. This system was designed for inter- and intraunit
control of data and resources to improve efficiency in clinical
trial management.

Site Level Clinical Trial Process
The general processes of a clinical trial at the site level were
established and grouped into 4 important milestones (namely
study start-up, study conduction, study close out, and
administrative support) and then further categorized into 23
internal processes (Figure 1). We defined 4 groups of milestones
to include all start-up activities from protocol writing to
intellectual property preparation, clinical trial conduction step
including site monitoring, trial close-out step to cover document
storage process, and, finally, administrative support that covers
contract management and payment tracking support for the
overall clinical trial process.

Controlled Vocabulary for Clinical Trial
Ensuring the uniformity of terms is crucial when creating
interdepartmental collaboration systems. In this study, a set of
related terms for each process were defined after examining
each department’s clinical trial processes to ensure the
consistency. We extracted 1354 terms at the raw level by
dividing them into 23 individual clinical trial processes (defined
in the Results section), and into 7 clinical trial tasks, namely
study management, resource management, healthy volunteer,
report management, education management, user and
organization management, and administrative management. A
team consisting of 1 medical doctor, 2 clinical research
coordinators (CRCs), 2 medical records technicians, and 1 IT
professional mapped the raw level terminology used in the local
terms used at each site and produced 643 mapped terms. The
defined 643 terms were created in 2 languages—Korean and
English—and the terms were used throughout the construction
of the CTMS system. We also performed a mapping with the
CDISC Controlled Terminology, which is a representative term
for clinical trials, to verify the representativeness of the term.
As a result, almost two-thirds of the terms (421/643, 65.4%)
were verified to have been mapped correctly.
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Figure 1. A designed clinical trial process for the Clinical Trial Management System. CRA: clinical research associate, CRC: clinical research
coordinator, CRF: case report form, IP: intellectual property, IRB: institutional review board, PI: principal investigator.

System Architecture
The AMC CTMS is an all-in-one system containing all functions
needed for operating site-level clinical trials and is a Web-based
single sign-on system. As shown in Figure 2, the AMC CTMS
is mainly composed of 3-layered domains, namely data
integration, management, and utilization. First, the data
integration layer of the system includes functions that interface
data between the CTMS and legacy systems such as e-IRB,
HIS, ERP, and barcode system in the hospital. Data for each
existing system are unified and transmitted to the CTMS
according to the system-specific interfacing cycle. Depending
on the characteristics of the legacy system, the interface methods
with the CTMS are different: (1) large scale systems such as

the HIS and ERP systems were made through a separate
interface server, (2) e-IRB as a Web-based system is linked to
a Web service via the Application Programming Interface, and
(3) the barcode system as a standalone system is linked through
a database to database link. The data management layer of the
system includes 7 management applications for basic study
management and for managing operational data for clinical
trials at the site level. Finally, the data utilization layer of the
system is composed of the following 4 applications—report
generation, visualization, alert and notification, and task
management. The 4 applications in this domain are based on
operating data in the CTMS to support clinical trial operations,
such as notifications of subject visits to the hospital.
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Figure 2. System architecture for Clinical Trial Management System. e-IRB: electronic institutional review board, ERP: enterprise resource planning,
HIS: health information system, SSO: Single Sign-On.

Data Governance and Access Rules
As AMC CTMS was designed to be used by various people
both inside and outside the clinical trial site, the CTMS task
force created rigorous data governance and access rules to
protect both the system and the data. In terms of data access
authority, the basic unit of the CTMS is the study, and the access
right of the study is defined according to the IRB approval. Page
access rights are classified according to departmental business
characteristics. Every page is clearly distinguished between the
subjects of management and use. For example, the Biomaterial
Management page is the subject of management of the clinical
pharmacokinetics laboratory, but the subject of use is all
researchers and CTC members. External user registration is the
responsibility of the system administrator, and only for

companies previously registered with IRB. Furthermore, access
rights are also granted in a limited manner.

Privacy and Security
To protect sensitive patient information, 21 personal health
identifiers (PHIs) were excluded from the CTMS to comply
with international and domestic law. Table 2 shows the 21 PHIs
adopted by AMC for developing a de-identified Clinical Data
Warehouse. As a result, a CTMS user can identify the subject
based on the subject’s number assigned for each clinical trial
and their date of birth. Systematically, the patient’s registration
number in the hospital is encrypted and stored in the CTMS
database, which is linked to the HIS data for automatic data
transferring. A more detailed description of the 21 PHIs
determined by AMC has been described previously [16,17].
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Table 2. The 21 Personal Health identifiers adopted by the Asan Medical Center from Table 1 in Shin et al reference number [17] (adapted with
permission).

ReferenceRemarksIdentifierNumber

HIPAAa safe harbor; HIPAA LDSbExcludes physician’s name, includes information re-
garding friends and relatives.

Name1

HIPAA safe harbor; HIPAA LDSSmaller than the submunicipal level divisions (Dong,
-Eup, and -Myeon).

Address2

HIPAA safe harbor; HIPAA LDSIncludes mobile phone and fax numbers.Phone number3

HIPAA safe harbor; HIPAA LDSEmail address4

Korean Personal Information Protection
Act

Resident registration number5

Korean Personal Information Protection
Act

Foreigner registration number6

Korean Personal Information Protection
Act

Passport number7

HIPAA safe harbor; HIPAA LDSHealth insurance policy number8

HIPAA safe harbor; HIPAA LDSBank account number9

HIPAA safe harborCredit card number10

Korean Personal Information Protection
Act; HIPAA safe harbor; HIPAA LDS

Driver’s licenseCertificate or license number11

HIPAA safe harbor; HIPAA LDSVehicle license plate number12

HIPAA safe harborMedical record numbersPatient identifier13

Korean Act on Promotion of Information
and Communication Network Utilization
and Information Protection

Hospital homepage, referral systemHospital membership ID14

HIPAA safe harborHospital employee number15

HIPAA safe harbor; HIPAA LDSIP address16

HIPAA safe harbor; HIPAA LDSURL17

HIPAA safe harbor; HIPAA LDSFingerprints, retina, vein, voice prints, and personally
identifiable genetic information

Biometric identifier18

HIPAA safe harbor; HIPAA LDSFull-face photographic images and any
comparable images

19

HIPAA safe harborFor example, July 1960 can be used, but July 4, 1960,
should be used as July 1960

Birth date (allowing year and month)20

HIPAA safe harborPathology numbersOther unique identifying numbers21

aHIPAA: Health Insurance Portability and Accountability Act.
bLDS: Limited Data Set.

The CTMS system goes through a pre-inspection in accordance
with the privacy principle guidelines. The privacy principle
guidelines are broken down into 64 items, and this is performed
on a nonregular basis by the Ministry of Government
Administration and Home Affairs of South Korea. A simulation
hacking test was conducted based on 3 steps, namely
information gathering, vulnerability categorization, and
penetration phase, by configuring the major vulnerabilities of
the system from the 2013 Open Web Application Security
Project’s 10 weak points, and the National Intelligence Service’s
8 weak points.

Evaluation
The evaluation of the CTMS was performed by examining
scenarios related to schedule management for subjects in clinical
trials. Before the introduction of the AMC CTMS, clinical trial
stakeholders proceeded with their own research in isolation.
For example, to manage subject schedules, the CRC used a
personalized tool such as Google Calendar, and the record was
not reused. In the CTMS, each research study is assigned a
specific study design (Multimedia Appendix 1). If the user is
registered as a participating researcher upon approval of the
IRB study, the assignment can also be accessed in the CTMS.
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Figure 3. Monthly access trend of Clinical Trial Management System by user’s occupation. ARO: academic research organization, CRC: clinical
research coordinator, CPL: clinical pharmacokinetics laboratory.

When a subject is recruited, the patient’s schedule is shown in
a calendar format in the study design data, which is essentially
controlled by the CRC, although the study participant has the
right to retrieve these data (Multimedia Appendix 2). If there
is a schedule for export of clinical trial drug, these data will be
forwarded to the pharmacy in advance and a record of the
amount of exported drug is stored in the CTMS (Multimedia
Appendix 3). As a result, within the CTMS, all stakeholders
can use and view the same data with varying privileges in terms
of patient schedule management.

Deployments
Since December 2014, the CTMS has been successfully
implemented at AMC. To utilize the data before the introduction
of the system, data loading work was carried out 2 months
before the system opened (approximately 8000 studies and
100,000 patients’ information with related data). As a result,
by March 31 2017, a total of 11,645 studies have been managed
by 881 users in the AMC CTMS. Moreover, a total of 146,943
subjects have been enrolled in the AMC CTMS, including those
who were managed by the pre-existing HIS. There are 1316
external users, including CRA from CROs and trainees. Figure
3 shows the monthly access trend of the CTMS according to
user’s department. We observed distinct differences in the
CTMS access rates according to the occupation of the user in
the hospital. For example, the ARO showed a steadily increasing

pattern (R2=.81), whereas the CRC decreased, but the access
rate suddenly increased due to the implementation of additional
functions for CRC. The utilization rate for external users showed

a dramatically increasing overall pattern (R2=.85).

Discussion

Principal Findings
Clinical trial data management and data quality control pose
challenging tasks in many organizations participating in clinical
trials [1,3], especially in academic medical centers where the
environment is optimized for patient care and not clinical trials
[4,18]. In pharmaceutical companies and CROs, CTMS are
generally developed to match the characteristics of the tasks
performed by the institution. Many academic medical centers
are not only concerned with conducting clinical trials, but also
have an obligation to collect and retain data related for the whole
clinical trial period while maintaining a sufficiently high level
of data quality [1,4,12]. In recent years, the obligation to monitor
the ARO function has been added for better management of
investigator-initiated trials.

Although the introduction of commercial or open-source systems
can be considered at academic medical centers, many existing
studies have noted limitations in using these systems at this type
of medical center [6,9-11,19,20]. The biggest problem with
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commercial or open source CTMSs is that it is difficult to
customize a fixed workflow [10,19,20]. These problems,
therefore, make it difficult for such a CTMS to manage a variety
of clinical trials, which is often necessary at academic medical
centers, or clinical trials involving many stakeholders
simultaneously. To address these burdens of covering a wide
scope of work, we designed and constructed a site-level CTMS
according to the following four important aspects. First, we
established an agreement among the stakeholders involved in
clinical trials. For this, we formed a CTMS task force with
various stakeholders participating in clinical trials for 14 months,
a period during which we covered all phases of CTMS design,
implementation, and deployment. During the 14 months of the
task force operation, interviews on various departments were
conducted to organize and integrate the requirements for
designing CTMS.

Second, a standardized clinical trial process was established
and the unified terminology at our academic medical center was
listed. As mentioned in the Methods section, different types of
clinical trials were performed at the site with different study
phases and therapeutic areas. There were also some cases in
which only a part of the clinical trial was conducted according
to the contract. To arrange these heterogeneous tasks in clinical
trials, institutional standardization of clinical trial processes and
terminology was defined.

Third, we built strong interfaces between the CTMS and legacy
clinical trial support systems such as HIS, e-IRB, ERP, and
biomaterial management system. On the system side, the most
important aspect of site-level CTMS is its seamless operation
with the legacy systems. We conducted a thorough review with
the hospital’s IT development team to determine which data
would be linked at any given time and whether there were any
potential privacy or security issues with the associated data.

Lastly, the CTMS was designed in accordance with domestic
and international security and privacy protection regulations
for compliance perspectives. As an operating system that deals
with sensitive patient information, the system was designed
based on various laws and regulations in Korea and abroad, and
it has been verified as secure by the hospital’s IT development
team.

Strengths and Limitations
The primary advantage of utilizing a CTMS at an academic
medical center is that it makes it easier to track clinical trial
progression and capture the whole process of the clinical trial
with minimal human efforts using a standardized IT system. As
clinical trials are performed by multiple stakeholders, it is crucial
to have all stakeholders consistently updated of any progress
and to be on the same page with every decision made. The
conventional way of reporting clinical trial progress to
stakeholders often resulted in miscommunications as
stakeholders delivered messages and updates via their preferred
way of communication. This could range from phone calls to
emails, or from fax to hard copies of letters. This mode of

communication lends itself to the omission of important
stakeholders from the loop of communication, and various
stakeholders could often miss data if important information is
not communicated in a timely manner. To address these issues,
many pharmaceutical companies have actively tried to build
standardized communication tools by recruiting support from
their IT development teams. In this regard, CTMSs have proven
to be an effective tool for managing clinical trials. Principal
investigators who often simultaneously conduct multiple clinical
trials received reports on the progress of all ongoing clinical
trials on a real-time basis and were able to effectively manage
their trials that involved dozens of responding staffs, such as
sub-investigators, CRCs, CRAs, pharmacists, and administrative
staffs, as they make use of the CTMS as a single consolidated
database. As principal investigators could follow the study
progress on a real-time basis, it became easier to promptly
address any issues identified during the course of clinical trials.

Moreover, the CTMS significantly assisted for the leadership
in academic medical centers because the CTMS tracks the
performance of multi-stakeholders and extracts data that reflects
utilization of resources, holding issues, bottleneck steps, and
so on. Instead of receiving dispersed reports from each
individual function, it is now possible for the leadership of
academic medical centers to track the performance of each study
at any time, to resolve any issues, and to make informed
management decisions.

One of the limitations of this study is that the feasibility of the
CTMS development is only confirmed by a single academic
medical center. Although the volume of clinical trials is large
and the CTMS covers different types of clinical trials that reflect
different standard operating procedures of various
pharmaceutical companies, its data were extracted only from a
single-frame platform. Thus, data from academic medical centers
of varying institution size and heterogeneous IT infrastructures
need to be investigated in a future study. Recently, the FDA
has created a Clinical Trial Transformation Initiative to improve
the quality and efficiency of clinical trials [21]. This initiative
is underway for safety reporting and data monitoring committee
project to improve clinical trial safety. Further research is needed
to improve the CTMS to flexibly reflect these regulatory policy
changes.

Conclusions
As the academic medical center has a responsibility and
obligation to conduct and manage clinical trials while
maintaining a sufficiently high level of quality, it is necessary
to build an IT system for supporting standardized clinical trial
processes and to comply with relevant regulations. In this paper,
we propose the methods, considerations, and recommendations
for development and utilization of a CTMS as a consolidated
research database in an academic medical center. We have
outlined the benefits of adopting a CTMS based on specific
scenarios, but further studies on efficiency and accuracy based
on data are needed.
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Multimedia Appendix 1
Screenshot of study design on the Asan Medical Center (AMC) Clinical Trial Management System (CTMS). Sensitive items in
terms of study information and privacy protection were masked. The original webpage shows only the Korean menu names. They
were translated into English for international users.
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Multimedia Appendix 2
Screenshot of calendar of subject scheduling in the Asan Medical Center (AMC) Clinical Trial Management System (CTMS).
Sensitive items in terms of study information and privacy protection were masked. The original webpage shows only the Korean
menu names. They were translated into English for international users.
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Multimedia Appendix 3
Screenshot of drug management in Asan Medical Center (AMC) Clinical Trial Management System (CTMS). Sensitive items in
terms of study information and privacy protection were masked. The original webpage shows only the Korean menu names. They
were translated into English for international users.
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