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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 gapsin the research.

Methods: A total of 19 studieswere 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,” “hedlth 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 youngey.
The search was conducted from September 2015 to October 2017. The studiesidentified to contain youth (<24 years) health-related
internet use were all published in peer-reviewed journalsin 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 therole of theinternet asamodality 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 isto 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
atheoretical background and unrepresentative samples, are discussed, and gaps within the studies areidentified 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):€120) doi:10.2196/jmir.7731
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http://www.jmir.org/2018/4/€120/ JMed Internet Res 2018 | vol. 20 | iss. 4 [e120 | p.6
(page number not for citation purposes)


mailto:eunheepa@buffalo.edu
http://dx.doi.org/10.2196/jmir.7731
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

The internet is widely used by children and adolescents, who
generaly 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
activitieson theinternet, such asinformation searching, sharing
personal information and artifacts, social media use, and
recreational activities [5]; up to a quarter of their timeis spent
using multiple forms of media simultaneously, al'so known as
multi-tasking [6]. Asyouth have agenerally high level of access
to the internet in their daily lives [7], it has become a major
resourcefor them in supporting their self-care and health-rel ated
activities and services [8-10]. Although the internet is widely
accessible and iswell accepted by young people, thereis asyet
only alimited 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 devel opmental,
gender, and social characteristics. As children progressto 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 differencesin internet
use during adolescence isinconclusive [ 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 adol escents al so 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 across-cultural context reported that theissue
of internet addiction isnot restricted to regionswith 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 addictionisactually 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 isreferred to as the digital divide
[19]. Information obtained from interpersonal, online, or media
sourcesfacilitates the dissemination of new information, aswell
as influences how individuals shape their experience of health
and illness [20]. Thisistrue especially among young adults as
they recognize social mediaas useful sources of information to
supplement those received during their health care visits [21].
Online communities and social mediaare used to enhance access
to valuable support networks, foster socia inclusion, and

http://www.jmir.org/2018/4/e120/
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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].

Theinternet offers many potential benefitsfor adolescent health
promotion, including increasing the number of interventions
for diversetopicsrelated to the use of theinternet among young
people [27,28]. However, thereis only alimited 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 resultsto devel op 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 issuesin the current literature.

Methods

Search Overview

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses provides useful guidelinesfor systematic review
studies [29]. This review is registered at PROSPERO
(International Prospective Register of Systematic Reviews). On
the basis of acareful 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 Nursingand 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 usefor health-related purpose,” *“Web-based
resource,” “onlineresource,” and “ health information seeking,”
combined with “child,” “adolescent,” “student,” “youth,” and
“teen.” The studieswererestricted to those concerning children
and adolescents aged 24 years and under. Theinitial search was
conducted from September 2015 to October 2017. Studieswere
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 usto examine awide 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

Park & Kwon

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 potentialy relevant studies. The full
texts of these studies were then retrieved for in-depth analysis
by two independent reviewersto confirm both theinclusion and
exclusion criterialisted below were met, which led to 55 studies
being excluded. Theremaining 19 studieswereincluded (Figure
1).

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

« theages 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)

. theintervention modality was combined with other non-Web-based technol ogies (such as tel ephones)

« theinternet was simply amodality for conducting surveys or recruitment, or searching for relevant literature, rather than studying participants’

health-related internet use

» thestudy focused solely on quality assurance for specific websites,

. thestudy consisted of “gray literature” such as dissertations, papers or abstractsin 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 theinclusion or exclusion
criteria, after which two reviewers independently reviewed the
full texts of the studies that were initially selected and coded
them into an analysistable. The coding scheme was devel oped
to help identify the componentsrel evant 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 aso identified whether the findings of each of the
guantitative 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

http://www.jmir.org/2018/4/e120/

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
gualitative methods such as thematic analysis and content
analysis. Potential threatsto validity, such as self-report, asingle
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 adol escent 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 participantsin 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 studiesincluded participants
who wereincarcerated in ajuvenile 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 | nternet Use

Prevalence of General I nternet Use and Patterns of
Health-Related I nternet 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, boysin 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
dropsto lessthan 1 hour/day [34], thisis 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 thereisadifferencein the
frequency of daily internet usage in youths with sexua
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, afriend’shome, an internet café,
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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 al the study countries.
Sixty-four percent of youth (aged 10-16 years) in the United
Kingdom are daily users, and afurther 26% use the internet at
least once or twice aweek [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 sociad 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]. Evenin countrieswhere accessto theinternet may be more
limited, SNSswere popular with young people: in Nigeria, 73%
reported that they had used the internet [46].

Thefindings of the various studies show that a high percentage
of youth have used the internet for heath-related purpose
[33,37,39,41,48,50,51]. Among those (n=10) that reported ever
using theinternet 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 youthin
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 theinternet asa 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 accessthe
internet, Arab students were far more likely to use the internet
as asource of health information [48].

For the studies published from 2007 to 2012, daily users of the
internet in thisage 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 | nternet

Although there has been asignificant increase in the ownership
of mobile phones by adolescents in recent years, many studies
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did not evaluate health information seeking viainternet-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 maobileinternet-enabled
devices (42%), with many reporting using both [40]. Stephens
et a [35] asked specifically whether their study participants
accessed mobile apps, and only 3% answered in the affirmative
way, whereasin 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 €l ectronic 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 daly heath-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
ontheinternet [45]. Thisis particularly true for those suffering
from particular diseases [33]. The internet also serves as a
confidential source for information that may be culturaly or
religiously sensitive [48]; the greater likelihood of Arab youths
seeking onlineinformation about mental health i ssues compared
with their Jewish peersreflectstherelative lack of mental health
professionals available for Arab youth, as well as they being
more culturally constrained than Jewish adolescentswith regard
to exposing personal concerns and problems [48]. On the other
hand, thereis some evidenceto suggest that youth may be more
likely to usetheinternet for |ess sensitive topi cs such as nutrition
and exercise and less likely to look for sensitive topics such as
violence, sexua health, bullying, tobacco, acohol, 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
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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 partnersonline, aswell
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
peopl€e'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 betheir 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 yearsregarded
parents, teachers, and other adults as their primary source of
health information, including sexual health [42]. Perhapsit may
not be surprising that girlsin Nigeriawho arein school are more
capable of finding information online than those who are out
of school [36]. Only one study considered apotential 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 alower 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], aswere
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), al 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 careersin 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 Plusthan 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].
Per ceptions 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

Table 1. Conceptual definitions and theoretical backgrounds.

Park & Kwon

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 heath-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.

Key concept related to Definition and sources

health-related internet use

Theoretical background Authors and studies

eHealth? literacy

“Ability to seek, find, understand, and appraise healthin- __b

Manganello et a, 2016 [43]

formation from electronic resources and apply such
knowledge gained to addressing or solving health problem”

(53]
Health information—seeking “Purposive search for health-related information to satisfy —
behavior aquery” [54]
eHealth promotion

tions’ [28]

eHeadlth intervention
ay”

Electronic mental health
improve mental health.” [55]

Help seeking (help seeking

online)
of resolving emotional or behavioral problem” [56]

e-patient “Those who bring information obtained online to the —
medical consultation” [57]

None —

“Web-based health education and behavior changeapplica=  Theory of planned behavior;

“Integration of information and communication technolo- —

“Use of information and communication technologiesto —

“ Seeking assistance from mental health services, other
formal services, or informal support sourcesfor the purpose  and Pescosolido’s network

Stephens et al, 2013 [35]

Tercyak et al, 2009 [38]
problem behavior theory

Johnson et al, 2015 [33]

Wetterlin et al, 2014 [52]

Andersen behavioral model Barman-Adhikari et a, 2011

[47]
episode model

Neumark et al, 2013 [48]

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

%eHealth: 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 hedlth-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
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was useful [40]. However, young peopl e 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 devel opment 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 timein their life, but only 77% would be likely to use
socia mediawebsites 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
theinternet as a supplementary means rather than areplacement
[48]. Only 10.9% accessed the hedth-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 sexua 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 theinternet 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 sexua 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 theinformation they found,
25.9% were frustrated by thelack 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 theinternet asusually 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 hoted that they used different strategiesto evaluate
factual information and user-generated opinionson 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
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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 professiona [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, sexua health) [49,51]. Regarding
internet use related to sexual health, adol escents 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 eHedlth literacy, health information—seeking behavior,
eHealth promotion, eHealth interventions, aswell 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 activitiesfor health issues, problems, and health
promotion. eHealth promotion and eHeal th intervention provided
more nuanced definitions related to Web-based interventions
and education.

Conceptual definitionswere provided in only afew studies, and
of these, only afew utilized atheoretical 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 frameworksthat focused onindividual s
motivation for eHealth promotion associated with their behavior
changes. When the media influence was studied, the uses and
gratificationstheory [46] was applied. Thistheory assumed that
users choose a particular medium as an avenue to actively
participate while being goal -directed, rather than as mere passive
recipients. Thistheory also considered that the medium gratifies
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psychosocial needs. Another study used grounded theory [49]
for its theory development.

M ethodological Evaluation

Study Design

A summary of the methodological evaluation conducted for this
review is shown in Multimedia Appendix 3. All the studiesin
thetable are descriptive, with the mgjority 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
guantitative studies, the reported rates of use and access to the
internet among the study participants, aswell as any associated
factors related to their internet use, are identified. Generally,
the qualitative and mixed-methods studies expl ored how youths
perceived the benefits and barriers of heath-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 Callection 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, athough a few conducted semistructured
interviews. Most studies used investigator-devel oped
guestionnaires to assess health-related internet use. This poses
anumber of potential issuesrelated 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
guantitative studiesindicated the statistical assumptions applied,
and few explained how missing dataweretreated. 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 Findingsand Comparison With Previous
Work

Thisreview of the most recent research in this area has deepened
our understanding of how young people seek information from
theinternet and itsrelated support systemsfor their health care.
Adolescents spend agreat deal of time on the internet, with the
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majority spending morethan 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 theinternet
for health-related purposes, and it representstheir 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-rel ated information by both healthy and nonhealthy youth.
Among healthy adolescents, thisinformation 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].

Degspite their high level of health-related internet use, severa
perceived challenges have been reported. To ensure useful
Web-based health interventions or sites available for youth,
credible resources and privacy arevita for successful outcomes.
Young people generally evaluate a site’s credibility based upon
itsappearance, 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 alack of online help or support servicesin 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 aso important for sites to have good readability and be
well organized. Finding the most recently updated sites or
checking awebsite’s creators areless common practicesamong
teenagersand represent an areawhere education may be helpful.
There is a genera 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 subgroupsfor health-related internet use. Youthswhose
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parents or older relatives are not eHealth literate, have no
internet access, have low health literacy, and need interpreters
have aparticul arly high usage of theinternet and are very likely
to seek health information onlinefor their family. Interestingly,
young peoplewho arein juvenile detention facilitiesworry 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 someonefindsout 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
peoplewho have previously taken courses or received education
on internet use designed to enhancetheir 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 differenceswere reported for health-rel ated internet use,
except for one study that indicated girlstend 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 behaviorstend to use the internet more often
than youthswith 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
isthat 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 awide range of different search
terms to identify relevant papers, including “health-related
internet use” “eHealth,” “internet use for hedth-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 thefield 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 specificaly 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 outcomesfor health-related internet use
across al the studies examined for this review. Thus, we were
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not able to compare the findings based on regional differences
among the samples, for example.

Implications

Although thisis 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 alimited understanding of the patterns and characteristics
of youth hedth-related internet use. This study therefore
provides an important overview of the research findingsto 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 theinternet. Additionally, thereisaneed
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
interventionsfor 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-rel ated 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
adol escents 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 arefirst exposed to the internet and at what point
itsinfluence 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-sectiona studies, and it would be
worthwhile to explore the longitudina outcomes of
health-related internet use. Infutureresearch inthisarea, studies
with high-level analyses and rigorous research methods need
to be conducted. For example, this review identified severa
studiesthat reveal ed 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 devel oped that are based on aclear 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 actualy 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 heath
information-seeking skills currently being taught to adol escent
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 hedlth education for adolescents, it is necessary to
include the internet as a basic component, given that so many
already usetheinternet for their health-related needs or will do
sointhe near future. Studiesindicate that those with low health
literacy were morelikely to rate the internet as usually or often
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more Web-based resources for health that are not subject to the
limitations of existing websites. For example, agreater emphasis
should be placed on devel oping 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
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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 effectsfor 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 barriersto
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 kneeis 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 assessrisk of biasin individual studies, and the quality of evidence
across studies was evaluated following the Grading of Recommendations, Assessment, Development, and Evaluation approach.

Results: Theliterature search yielded atotal of 648 results. After screening of titles, abstracts, and full-texts, seven randomized
controlled trialswere included. Pooling the data of individual studies demonstrated beneficial short-term (pain SMD=-0.31, 95%
Cl -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%
Cl -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% ClI
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, theseimprovementswere small (SMD<0.5) and may not make ameaningful
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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 devel opment 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):€152) doi:10.2196/jmir.9465
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osteoarthritis, knee; telemedicine; exercise; treatment outcome; review; meta-analysis

Introduction

Asaconsequence 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 playsan 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]; globa prevalence of
OAK for persons older than 60 yearsis 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 arethe major driversfor 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].

Exercisefor Osteoarthritis of the Knee

Asmechanical factorsarethe main driversfor 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 clinica 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
inrural areas. Furthermore, theincrease of chronic disease puts
further strain on limited health care resources accelerating the
shift toward home-based interventions and self-management.

Home exerciseinterventionsinclude targeted physical activities
aiming to improve muscle strength, joint range of motion,
proprioception, and aerobic capacity; of these lower limb
strengthening and i sol ated quadricepstraining seem to havethe
largest effect on pain and physical function [8]. High intensity
training resultsin greater beneficial effectson 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

http://www.jmir.org/2018/4/e152/

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 leadsto 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 I nterventions

Adherenceto home exercise programsishowever low [12], and
it seems difficult to achieve effective training intensity without
adequate support and motivation. Electronic health (eHealth)
technology is seen asapromising 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 availablein
the US Apple Store alone [15], the evidence base for efficacy
and efficiency of many existing eHealth-assisted interventions
isnot sufficient. Theaim of this systematic review wastherefore
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].
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Eligibility Criteria

Randomized controlled trials (RCTs) and controlled clinical
trials (CCTys) 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 Sour ces

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

Search Strategy

Databases were searched with the keywords K nee 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

Datawere 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
(C2). Disagreements were resolved by discussion. For each
outcome, means, SDs, 95% Cl, and P values were collected for
each point of measurement. When necessary, SDs were
calculated using available data (eg, Cl) or information presented
in graphical format.

Dataltems

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

Risk of Biasin Individual Studies

The Cochranerisk of bias assessment method was used to rate
therisk of biasinindividual studies[17]. Two authors (ASand
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 conceal ment, blinding of participantsand
personnel, blinding of outcome assessment, incomplete outcome
data, selective outcome reporting, and other bias (such as
recruitment biasin cluster RCTs or unbalanced groups).

Review Manager 5.3.5 (The Nordic Cochrane Centre) was used
to generate arisk of biasfigure.

Summary Measures

For continuous data, standard mean differences (SMDs) and
95% Cls 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 SDswere
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 guidelinesfor summary of findingstables[19],
SMDs were trandated 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 absol ute benefit by the representative control group baseline
mean.

Synthesis of Results
Datafrom multiple studieswere pooled in ameta-analysisusing

arandom-effects model. 1 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 Evauation (GRADE) approach was used to evaluate the
quality of evidence across studies for each outcome using the
following predefined criteria[21]:

L Inconsistency (downgraded if 12>50%)

2. Indirectness (downgraded if clinically heterogeneous)

3. Imprecision: downgraded if the pooled sample size was
below the cal culated sampl e size of an adequately powered
singletrial (optimal information size) [22] for each outcome.
The minimal clinical important change (MCIC) is
considered asdeltain the power calculation. Thefollowing
values are considered asMCIC for patientswith 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 a [22] suggest downgrading for
sample sizes < 400 (200 per group) or if the Cl overlaps no
effect but includes an important improvement.

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

Quality wasrated 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
findingstables. Quality of evidence across studieswas 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

Theliterature search yielded atotal 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

Schéfer et al

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

Seven articles[14,27-32] wereincluded, and resultswere 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 Char acteristics

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 participantswerefemale (473/742). Four studiesincluded
participants with unilateral or bilatera 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 mHeath
(Internet-based programs or mobile apps) [14,27,31] and
telephone-supported exercises[28-30,32] . Exerciseinterventions
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.
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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 subscal es 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] usedin 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 Quiality of Life Assessment
[36] was used in [29]. Other outcome measurements identified
included global change, amount of PA, or steps walked.

http://www.jmir.org/2018/4/e152/
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Short-term foll ow-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 studiesreported blinding of participants, therapists,
or outcome assessors. In 2 of the studies[14,30], randomization
was performed, but the method of random segquence generation
was not specified. Therefore, risk of selection biaswas classified
asunclear 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 Cls 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 a [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 datafor the outcome
pain intensity short term (1-6 months follow-up; Figure 3).
Pooled resultsindicate significant benefit for eHealth-supported
exercise intervention (SMD=-0.31; 95% Cl —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 (O=no pain). Heterogeneity was high with 12=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;
Figure4). 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 trandates in a reduction of five
points (95% Cl 1-8) on a0 to 100 points pain scale (0=no pain).
Heterogeneity was low with 12=29%. The quality of evidence
for this outcome was moderate.

Physical Function Short Term

Four studies (n=479 participants) provided datafor the outcome
physical function short-term (1-6 months follow-up; Figure 5).

Figure 3. Forest plot outcome pain short-term.

Schéfer et al

Pooling of results from individual studies showed a
nonsignificant, small beneficia effect (SMD=-0.30; 95% ClI
-0.76100.17). Thisequa s animprovement of four points (95%
Cl -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

Datafor 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 a0 to 100 points
scale (higher scores indicate better function). Heterogeneity

was moderate with 12=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 monthsfollow-up). Pooling results
of individua studies showed asmall, significant beneficial effect
favoring theintervention (SMD=0.24; 95% CI 0.05-0.43; Figure
7). Thistranglates 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 12=10%. The quality of evidence
for this outcome was moderate.
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Figure 4. Forest plot outcome pain long-term.
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Figure5. Forest plot outcome function short-term.
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Figure 6. Forest plot outcome function long-term.
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Quality of Life Long Term

Three studies (n=415 participants) provided datafor 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 [>=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 outcomeswere low for pain and physical function
and moderate for QoL. Reasonsfor downgrading onelevel 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 (1 >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.

Figure 7. Forest plot outcome qudlity of life short-term.

Experimental Control

Schéfer et al

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 substantialy change the amount of

observed heterogeneity between groups (pain short term: 12
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 regardsto their effect size (Table 3). Studies
were classified into two groups: the first group consisted of
studies where treatment was delivered viamHeal th technol ogy
(mobile apps), the second consisted of studies where treatment
wasdelivered viatelephone. A significant difference wasfound
between mHealth (SMD=-0.55) and telephone (SMD=-0.04)
supported exercise studies in pooled effect estimates for the

outcome pain short-term (x°=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 (x>=3.4 P=.06).
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Figure 8. Forest plot outcome qudlity of life long-term.
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Table 1. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) evidence profile. QoL : quality of life. RCT: randomized
controlled trial.

Outcome Quality assessment

Number of  Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations
studies

Pain short term (follow-up: range 6 RCT Serious? Serious? Not serious  Not serious  None
1 month to 6 months; assessed

with self-report questionnaire O-

100 (higher numbers=more pain)

Pain long term (follow-up: range 3 RCT Serious?® Not serious Not serious  Not serious  None
9 months to 12 months; assessed

with self-report questionnaire O-

100 (higher numbers=more pain)

Physical function short term (fol- 4 RCT Serious?® Serious? Not serious  Not serious  None
low-up: range 1 month to 6

months; assessed with self-report

questionnaire 0-100; higher num-

bers=better function)

Physical function long term (fol- 3 RCT Not serious  Not serious Not serious  Not serious  None
low-up: range 9 monthsto 12

months; assessed with self-report

questionnaire 0-100; higher num-

bers=better function)

QoL short term (follow-up: range 4 RCT Serious? Not serious Not serious  Not serious  None
3 months to 6 months; assessed

with self-report questionnaire O-

100; higher numbers=better QoL )

QoL long term (follow-up: range 3 RCT Not serious  Not serious Not serious  Not serious  None
9 months to 12 months; assessed

with self-report questionnaire O-

100; higher numbers=better QoL )

8Serious risk of bias across studies because of missing blinding of therapists, patients, and outcome assessors.
bHeterogeneity was high with 12 >500%.
“Randomization 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.

QOutcome Number of patients Effect Quality Importance
Electronic health-supported  No or other intervention ~ Relative Absolute
exercise (95% Cl)  (95% CI)

Pain short term (follow-up: 367 361 _a SMD0.31  ++o0 Low Important

range 1 month to 6 months; SD lower

assessed with self-report (0.04 lower

questionnaire 0-100 (higher to 0.58 low-

numbers=more pain) er)

Pain long term (follow-up: 212 204 - SMD0.3SD +++0Moderate Critica

range 9 monthsto 12 lower (0.07

months; assessed with self- lower t00.53

report questionnaire 0-100 lower)

(higher numbers=more pain)

Physical function shortterm 243 236 - SMD0.3SD ++00 Low Important

(follow-up: range 1 months higher (0.17

to 6 months; assessed with lower t00.76

self-report questionnaire O- higher)

100; higher numbers=better

function)

Physical function longterm 211 205 - SMD 041  ++++ High Critical

(follow-up: range 9 months SD higher

to 12 months; assessed with (0.17 higher

self-report questionnaire O- to 0.64 high-

100; higher numbers=better er)

function)

QoL short term (follow-up: 227 219 - SMD 0.24  +++0Moderate Important

range 3 monthsto 6 months; SD higher

assessed with self-report (0.05 higher

questionnaire 0-100; higher to 0.43 high-

numbers=better QoL ) er)

QoL long term (follow-up: 211 204 - SMD 0.27 ++++ High Critica

range 9 monthsto 12 SD higher

months; assessed with self- (0.06 higher

report questionnaire 0-100; t0 0.47 high-

higher numbers=better QoL) er)

8 ndicates "not applicable".
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Table 3. Dataand analysis.

Schéfer et al

Outcome Studies Participants Statistical method Effect estimate
1.1 Pain short term 6 742 SMD? (IV, Random, 95% CI) -0.31 (-0.58 to —0.04)
1.1.1 mobile health (mHealth) 3 516 SMD (1V, Random, 95% Cl) -0.55 (-0.81 to -0.28)
1.1.2 Telephone 3 226 SMD (1V, Random, 95% Cl) -0.04 (-0.30 t0 0.22)
1.2 Pain long term 3 416 SMD (1V, Random, 95% Cl) -0.30 (-0.53 to -0.07)
1.2.1 mHedlth 2 280 SMD (1V, Random, 95% Cl) -0.34 (-0.72 t0 0.03)
1.2.2 Telephone 1 136 SMD (1V, Random, 95% Cl) -0.22 (-0.56 t0 0.11)
1.3 Physical function short term 4 479 SMD (1V, Random, 95% ClI) -0.30(-0.17t0 0.76)
1.3.1 mHealth 2 303 SMD (1V, Random, 95% ClI) 0.66 (0.18t0 1.13)
1.3.2 Telephone 2 176 SMD (1V, Random, 95% Cl) —0.13 (-0.81 to 0.55)
1.4 Physical function long term 3 416 SMD (1V, Random, 95% ClI) 0.41 (0.17 t0 0.64)
1.4.1 mHedlth 2 280 SMD (1V, Random, 95% Cl) 0.46 (0.08 t0 0.84)
1.4.2 Telephone 1 136 SMD (1V, Random, 95% Cl) 0.31 (-0.03 to 0.65)
1.5 Quality of Life short term 4 496 SMD (1V, Random, 95% Cl) 0.24 (0.05 0 0.43)
1.5.1 mHealth 2 304 SMD (1V, Random, 95% ClI) 0.27 (0.04 to 0.49)
1.5.2 Telephone 2 192 SMD (1V, Random, 95% Cl) 0.13 (-0.35t0 0.61)
1.6 Quality of Lifelong term 3 415 SMD (1V, Fixed, 95% Cl) 0.27 (0.06 t0 0.47)
1.6.1 mHealth 2 279 SMD (1V, Random, 95% Cl) 0.24 (-0.10t0 0.57)
1.6.2 Telephone 1 136 SMD (1V, Random, 95% Cl) 0.33(0.00t0 0.67)
Discussion These effects are smaller compared with the results identified

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 trandate into an absolute mean improvement of 5%
(95% CI 1%-9%) for pain and 3% (95% ClI 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 |and-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. Resultsfor
QoL were comparable with SMD 0.28 (95% CI 0.15-0.40).

One recent metaranalysis [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 correspondsto an SMD of 0.22. Improvement in physical
function (SMD=-0.20, 95% CI —0.29t0-0.12) post intervention
favored theintervention group. When comparing exercise-based
telemedicine with usual care or exercise-based telemedicinein
addition to usual care, no significant differences were observed.

http://www.jmir.org/2018/4/e152/

inthisreview. 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 patientswith chronic pain are heterogeneousin regards
to pathology and contributing factors and possibly respond to
alesser extent to exercise therapy.

Oneimportant finding of this meta-analysiswasthat 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% Cl 1%-8%) for pain, 6% (95%
Cl 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 a9to 12 months
period.

Although observed improvementsfor most long- and short-term
outcomeswere statistically significant in this systematic review,
they may not make arelevant differencefor 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 isimportant to note that 2 of the 6 studies used
awaiting 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
anonsignificant 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). Studiesin
the subgroups differed in regards to mode of communication
(automated in the mHeal th subgroup vs persond in the telephone
subgroup), accessto theintervention (selfguided in the mHealth
subgroup and fixed dates in the telephone subgroup), and
contents of intervention. Although results haveto beinterpreted
cautiously as the comparison is not based on randomization, a
general trend for greater effect sizesin 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 bel ow.

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 typicaly 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 groupsin thetelephone
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 monthsin
the mHealth studies [14,23,27,28,31]. Each of these factors
alone or in combination could have contributed to the observed
differencesin 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 L evel

Risk of biaswaslow for 4 of theincluded studies[14,27,31,32]
and moderate for the remaining 2 studies [28-30]. Lack of
blinding of patients, therapists, and outcome assessorswas noted
in al of the studies. Although blinding of participants and
therapiststo treatment modality is difficult to achievein exercise
interventions, lack of blinding may nonetheless introduce
overestimation of effectsand should therefore be assessed [17].
Blinding of outcome assessors and stati sticianswould 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 sizeisin
favor of the control group, the overal risk of biasis judged as
low.

http://www.jmir.org/2018/4/e152/
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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 conceal ment across studiesthat may have
introduced some overestimation of the results.

Quality was downgraded one level because of substantial
inconsistency for the short-term outcomes pain (1=67%) and

physical function (1=83%). Some reasons for inconsistency
have been described above and include differencesin treatment
delivery modes (mHealth vstelephone), 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 patientswith arthritis
was probably highin thisstudy astheinclusion criteriaincluded
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.

Limitationsin the Review Process

Some limitations regarding the review process should be
mentioned. Theseincludethat only studies published in English
or German language were considered. Studies published in other
languages could not be considered and were potentialy
overlooked. Studies investigating the effect of eHedth
interventions are rapidly increasing; four published study
protocols could beidentified that matched the eligibility criteria
of thissystematic review [39-42]. It ispossiblethat resultsfrom
these ongoing studies may change the findings of the
meta-analysisin this review.

Conclusions

Overall, eHealth-supported exerciseinterventions 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 arelevant difference for individual patients.
The quality of evidence was low to moderate for short-term
outcomes, therefore futuretrials 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

Schéfer et al

In patientswith 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

forward: 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 aface-to-face or an in-person component. It is further argued that that although in-person components can be
beneficial for online interventions, adigital 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 asthe 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 isin 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 adigital 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 adigital person-to-person
component, must be explored.

(J Med Internet Res 2018;20(4):€144) doi:10.2196/jmir.8480

KEYWORDS
digital person-to-person; in-person; online intervention; behavior change; health, digital media; health care

: Web-based, mobile, and social media health behavior change
Introduction interventions. It is believed that these popular digital media
Background channels can play avaluablerolein leveraging health messaging

and conseguently, 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 aslogistic problems, achallenge of keeping
participants actively engaged, can be labor intensive, and

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

http://www.jmir.org/2018/4/e144/ JMed Internet Res 2018 | vol. 20 | iss. 4 |e144 | p.36
(page number not for citation purposes)


mailto:santaros@uwindsor.ca
http://dx.doi.org/10.2196/jmir.8480
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

expensiveto scalefor 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 onlineinterventionsare used in adjunct to traditional
approaches[1], thereisaneed to understand what rolein-person
components play in onlineinterventions. 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 mediachannels (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 sizesthan online self-guided programs, suggesting
aneed to further exploretherole of the digital person-to-person

Santarossa et al

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 virtua
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], aswell
as other elements of online systems that create social support
such aschat forumsand/or chat rooms[15]. Similarly, thedigital
person-to-person component can be offered on a one-to-one
basis through virtua coaches, therapists, counselors, or
facilitators via email, instant messaging sessions (eg, text
message), and tel econferencing (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 socia support, may be grounded
in social or behavioral theoriesincluding 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 makeit morereplicable,
thefocus was on published references searchabl e 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, awide variety of platforms
wereincluded in the search, including blogs and microblogging
technologies, socia 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, PsycIlNFO, Scopus,
and PubMed were searched for “digital person-to-person,”
“in-person,” “online intervention,” “behavior change,” “digital
media,” “heath care” “socia media” and “Web 2.0 from
2004 to April 2017. The search began with studies published
since 2004 because that iswhen theterm “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
therapiesor 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 Channelsin Health Behavior
Change I nterventions

Thedigital environment consists of digital media, and although
difficult to define, partly because it is ever changing, digital
mediain 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 atered 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 Americansusetheinternet 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 awebsite,
aiming to create positive change and/or improve or enhance
knowledge, awareness, and understanding” [14]. Specific
behavior change techniques of Web-based interventions may

http://www.jmir.org/2018/4/e144/
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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 asthmatreatment, increased participation in health
care, dower 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 atraditional, 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. Mabile 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 onlineinteractive platforms
such as social media[44].

Social media are abroader concept that encompasses sites that
allow usersto generate and share content [21]. Thereare6 main
social media platforms, which include blogs, social networking
sites, virtual worlds, online collaborative projects, content
communities, and virtual gameworlds[45]. Asthe use of social
media continues to rise [26,46], it may indicate the potential
for itsroleasatool inthe 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 favorsinterventionswith social
media components [45] and a dlight positive effect of social
networking site interventions on health behavior change
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outcomes [47]. However, there is a lack of clear evidence of
the effectiveness of socia media in behavior change
interventions [24,47,48], as most studies are not measuring an
isolated effect of social media, thus creating alack 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 Componentsin Online Health
Behavior Change I nterventions

It has been suggested that using a face-to-face approach is the
“gold standard” in behavior change interventions [50].
Face-to-faceinteractions 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 away 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 astandardized manner viaawebsite, mobile device,
or socia media platform, from support provided by humans,
whichisoften intended to increase adherence [51-53]. However,
Web-based, mobile, and social mediainterventions 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-faceinterventions may bereflective of the argument
that it should not be necessary for online interventionsto 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 programisideal [1,6,54]. For example, aweight
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 |oss 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-faceinterventionswith Web-based interventionsresulted
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

http://www.jmir.org/2018/4/e144/

Santarossa et al

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 afew Web-based, mobile, and social media interventions
have truly measured behavior change; overal, 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 changeinterventions 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]. Thisis 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 aface-to-face
meet up (ie, more traditional way of forming acquaintances)
may help overcome this particular barrier of social media. Ina
small pilot intervention study utilizing Facebook, whichincluded
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 meetingsin online
interventions is warranted.

Albeit, many onlineinterventions 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
avirtual health coach or online communication with acounselor
or facilitator can be just as effective in behavior change as an
in-person interaction [63,64], with implicationsfor 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 deliversahighintervention dose at alow 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 avirtual 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
facelessquality allows participantsto 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-Per son Component

For adigital 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 asobviousin 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. Strategiesto overcome nonverbal
cuesabsentinadigital person-to-person component may include
extended wording, various stylistic proceduresfor 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 bewel | avare
of the fact that messages may be misunderstood, hence a need
for more probing and clarifications than in face-to-face sessions
[14]. Furthermore, athough possible and effective in online
communications, the expression of feelingsis 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]. Overdl, 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
barriersand maintai ning 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 changeinterventionsin theory [48], but it is suggested
as a necessity [1,62]. Using a digita 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 acrossadiverse group of learners.
Thus, using a digital person-to-person component may be
grounded in socia 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 peopleinanindividual’ssocia circles (ie, subjective
norms) have astrong impact on theinfluencein theindividual’s
behavioral intentions. Inthe digital medialiterature, 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 otherslike you are doing), are found to be more
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powerful in behavior change than injunctive norms [48,62].
Moreover, digital media channels such as socia media thrive
off social comparison and can motivate user participation by a
desire to belong [69,70]. Similarly, the social cognitive theory
[18] predicts socia 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, anindividual’s belief that he or sheiswell supported) leads
to better coping skills and higher self-esteem [71]. In addition,
the socia cognitive theory encompasses the idea of socia
diffusion and innovation as the way new ideas or cultural
practices aretransmitted or reinforced throughout asociety [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
peopl€e'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 hisor
her actions or inactions[72], and being accountabl eto someone
other than oneself enhances motivation to continue with
behavioral change. Thus, adherenceis an important element to
consider in the development of abehavior change intervention.
In the model of supportive accountability [11], human support
increases adherence through accountability to a virtual coach
(ie, a digita person-to-person component) who is seen as
trustworthy, benevolent, and having expertise. Adherence will
be further enhanced when the rel ationship with the virtual coach
is perceived as reciprocal, clear goals and expectations are
defined, and coaches are clear about the accountability process
[11]. Moreover, peoplerespond more positively to accountability
demands from a coach who is perceived as legitimate [11,73].
Throughout the literature, the use of avirtual 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) asintegral componentsto how
accountability is cultivated and maintained.

The existence of another human, or social presence [11], can
influence accountability and subsequently adherenceto behavior
change interventions. For example, research suggests that
although automated systems that monitor and encourage
adherence, such as email reminders, can improve adherence to
onlineinterventions, digital person-to-person support enhances
adherence to a sdignificantly greater degree [13,29,75].
Expectations of the desired behavior change aso 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 animportant 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
rationalein need for virtual coaches (ie, digital person-to-person)
support. It should be noted that the aim of performance
monitoring isto provide feedback, toinform 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 onlineinterventions
with feedback and communi cation components can be effective
in creating or generating behavior change [15].

Although all online interventions require participants to act by
themselvesto 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
generaly 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 theinternet [43]
or through specific channels such as the use of text messaging
[20,48,62]. Use of text messages can alow 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
interpersona relationships within interactive platforms and
create improvements in users knowledge, health behavior,
clinical outcomes, and social supports[78].

Asprevioudly stated, aside from accountability, avirtua coach
or online counselor or facilitator aids in creating the feeling of
interpersona 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
asonline advisors[61] and use of an online counselor, compared
with no counselor, resulted in greater behavior changes [15].
Similarly, in aWeb-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 Plusgroup (ie, text messaging, personalized feedback,
online support person) had significantly greater weight lossthan
the Facebook alone and waiting list control groups [25].
Feedback and communication components such as virtua
coaches or online facilitators can also help make up an online
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socia support system. Social support networks play animportant
rolein determining health outcomes[79], and as more and more
individuals are spending time online, research must examine
therole of online social networksand 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 arole 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 socia 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 socia 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 virtua
coach/fecilitator, 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 socia support
and allow participantsto 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, participantsin astudy that utilized Facebook [16] were
not only successful in supporting one another in avirtual 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 socia networks can fill avoid 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 socia network appeared to
befilling agap [49]. Thus, it should be of no surprisethat online
socia networks can be leveraged to foster an online community
[85], asmany sharetheir personal stories, struggles, or successes
[16,24,69,86], fostering asense 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 isimportant 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 atering social norms
and health behaviors on a large, often times anonymous, and
cost-effective scale. Therefore, researchers should examine
strategiesthat will further devel op 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 asthese platforms
continueto risein popularity, continued efforts should be made
to usethem in the health research and health advocacy. Overal,
digital media channels can be a more cost-effective approach
[31] and can have agreater 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
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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,” aswell as actionable
stepsthat public health officials, health systems, and clinics can take to integrate social datainto 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
responsihilities, and infrastructure support, are discussed.

(J Med I nternet Res 2018;20(4):€161) 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, peopl€e’s psychological desireto publicly
share information has existed for thousands of years. For
example, scribes, messengers, and other citizens of ancient
Rome shared their thoughts on aliteral wall—viagraffiti—and
elsawhere 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 ahealth indicator of sortsand served as one of the earliest
forms of social media

Today, unlike antiquity, health providers and researchers have
accessto an endless stream of personal dataviathe Internet and
mobile devices. In one survey, 72% of Internet users searched
for health information in the past year [2], and severa 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

http://www.jmir.org/2018/4/e161/

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 typicaly 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 peopl€e'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
lifestylefactorsthat affect aperson’s mental health and physical
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well-being, such as stress level, physical activity, and sexua
orientation.

Real-Time Interventions

In aclinic 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, despitetherapid
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 riskswithin
social data, we can aready discuss more manua ways of
implementing this approach, such as having trained staff
availableto review and discern whether social media posts that
have been flagged by a machine for at-risk content actually do
describe apatient’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 possiblefor people’sreal-time, organic
social media data to be used as a source of information about
their health and vitals. New health caretools could be devel oped
and used based on thisinformation to help aert 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,” machinesthat mine thisinformation could flag it for
ahealth system staff member to review and interveneif deemed
necessary.

http://www.jmir.org/2018/4/e161/
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Similar approachesto mine social mediadatacan also be applied
at the public health population level to help researchers and
public health officialsidentify epidemics. Thishasalready 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
guestionsthat first need to be resolved. One question iswhether
providers and public health officials would be responsible for
acting on social mediadata, aswhen providersidentify a patient
with high blood pressure. Because social media postings occur
continuously 24 hours aday, 7 days aweek, inside and outside
of hospitalsand clinics, this could pose atremendous 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
apatient 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 responsihilities 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 actua 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 socia media to monitor and predict health risks also
raises serious privacy concerns. For example, are patientswilling
to have their data mined to monitor their health information?
Although studies on ethics suggest that peoplefind social media
to be an acceptable tool for use within public health and
medicine[26,27], thisisaconstantly changing area. It isunclear
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 concernsbeing the biggest hurdle. Despite
the public nature of social media, many people expressed more
positive views about social mediaresearch when studiesrequired
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. Socia datacould be managed within an electronic health
records system or managed in a separate system, such as by
clinicsor health systems. Pilot testing is needed to address these
guestions before rolling out implementation at the larger level
of electronic health records or health systems. For example,
feasibility studieswith small clinicswill 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 socia media. For instance, during the
2011-2012 flu season, flu-related Twitter model s suggested that
it was a typical season. However, after World Health
Organization data showed that flu prevalence peaked 3 months
later than atypical 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 monitoringillnessesviasocial media, especially
during atypical seasons [29].

The Future of Social Media and Health
Care

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

Toolsto analyze social dataare already successfully being used
infieldslike consumer behavior, education, and crime prediction
[30], and there are agrowing number of platformsthat will soon
be ready for wide-scale use by medical professionals. For
example, our team at the Institute for Prediction Technology
has been devel oping avisualization 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
expertsin 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 modelsto addressHIV, natural disasters, drug addiction
prevention, and suicide prevention. To date, the most extensive
use of machine learning for public health in the private sector
isIBM's Watson Health, a computer that mines patient datato
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 arare 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) isanext step. At aminimum, 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 suggestsit 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 socia
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 socia 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 thisreview wasto use bibliometric datato 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 al 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, aswell 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 technol ogies (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):€122) doi:10.2196/jmir.8954
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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 benefitsfor physical health,
mental health, and well-being [1-3]. Thisiswidely 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
meansto deliver behavioral health interventionsand, asaresult,
prevent noncommunicable diseases (NCD) [9-12]. This is
conceivable considering that the availability and personal use
of information and communication technol ogies 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 amobile-broadband network [13]. Although
the Internet is till only accessible to 47% of the world
population, access to the World Wide Web and smartphone
usage acrossthe globeiscontinuing to increaserapidly [13,14].
Assuch, there hasbeen arisein 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
severa studiesthat focused on use and effectiveness of different
technologies such as mobile phone and/or SM S (short message
service) text messaging [15-18], digital games [19,20], the
Internet [21-23], smartphone and/or tablet applications[24-28],
socia media[29], gamification features[30], and fitnesstrackers
[31,32]. Other reviews in the field focused on specific

http://www.jmir.org/2018/4/e122/

populations such as children and adolescents [33,34], adults
[35], older adults [36], overweight and obese adults [37,38],
cancer survivors[39], patientswith cardiovascul ar 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
techniquesin 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 theentirefield in asystematic manner. A bibliometric study
uses publication-related information such as citations, journals,
authors, and keywords to gain a bird's eye view of afield [43].
Bibliometric studiesthat summarized the research landscapein
variousfields have generated valuableinsights [43-47] revedling
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. Thisisespecially useful in arelatively new research
area such as eHealth and mHealth.

The purpose of thisstudy isto examinethe eHealth and mHealth
research field related to physical activity, sedentary behavior
and diet from itsinfancy 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 thetitles of the most accessed paperslisted
at websites of journalsthat publishintheresearchfield, and the
titlesof all publications of 6 researchersfrom different countries
that are highly active in thefield (see Multimedia Appendix 1).

Thefinal 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 thefull 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 papersin terms of citation count in the
sameyear and research field [48], suggesting highly-cited papers
exert strong impact on the field.

Theresults of the two searcheswere exported to Microsoft Excel
2016 for screening.

Screening of Search Results

Weincluded dl journal paperson eHealth and mHealth research
related to physical activity, sedentary behavior, and/or diet
(including proxies, eg, weight management). They
comprisedeHealth and mHealth intervention studies; paperson
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 tool s (eg, Fithit); and papersonthe
development of eHealth and mHealth interventions targeting
physical activity, sedentary behavior, and/or diet. Reviews,
protocoals, editorials, commentaries, and origina research papers
were digible 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 criteriaand atutoria video. The video
introduced the overall concept of abibliometric study compared
with a systematic review and detailed the inclusion and
exclusion criteria with examples to illustrate how they should
be applied [49]. Coauthorsindicated whether they would include
or exclude a paper or were unsure, while consulting the video,
abstract, and full-text upon demand.

http://www.jmir.org/2018/4/e122/
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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 datafor 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 papersincluded 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]. Thisyielded
annual percentile scores that indicate the fraction of physical
activity, sedentary behavior, and diet related eHeath and
mHealth research articles within the top 10%, 20%, and 50%
of all articles from the WoS subject categories represented by
eligible papersin our search.

We explored the journal s and authors who published most papers
on eHealth and mHealth related to physical activity, sedentary
behavior, and diet, aong with the publication output of
countries. We used WO0S 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 isthe
unique largest number of top cited eligible papers of an author

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

To analyze the content of our dataset in more detail, we
classified eligible papersinto categories representing the studied
exposure, technology, study population, setting, and
methodology used. We did so by searching the title words and
keywordsidentified 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 keywordsin 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 asingle category. This
resulted in arefinement 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).

Figure 1. Screening flowchart.

Mdller et a

We conducted descriptive analyses using Microsoft Excel
version 2016 and the Bibliometrix package version 1.7 [57] for
Rversion 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 displaystheflow 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 paperswereincluded in thefinal
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 al papers (Figure 2).

The 1712 papersreceived 31,505 citations (median 7 per paper;
interquartilerange 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 amedian
number of 2.0 citations per year (interquartile range 4.0).

N=4805

Search results from Web of Science

h 4

N=4469

Papers after duplicates and
conference proceedings removal

A

Authors (n=7) screened approximately Papers excluded
640 titles and abstracts each, covering all [~ n=2625
4469 papers between them
Y
Authors screen “unsure” items (n=269) | | Papers excluded
n=132

4

n=1712 (n=42 highly cited)

Papers included in bibliometric analysis
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Figure 2. Publication output over time.
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Compared with al 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 al studied
years (ie, between 2007 and 2016; results not shown). However,
theratio of the expected to observed citations declined from 2.6
(95% Cl: 2.5-2.7) in 2007 to 1.8 (95% ClI: 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).

Journalsand 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
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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 WOoS subject categories, of which 104 subject categories
were unique. Table 2 showsthe 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, hedth
policy & services, as well asin 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 | (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 Jin al
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 al papers from the same Web of Science (WoS) subject categories by year of publication.
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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%). Overal, 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-middleincome 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
authorsfrom lower-middleincome countries accounted for only
0.005% of all papersand camefrom India(n=4), Pakistan (n=1),
Nigeria (n=1), Egypt (n=1), and the Philippines (h=1). Similar
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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 genera topic (ie,
“health™), the study design (eg, “randomized controlled-trial”),
or the population (eg, “adults’). Severa of the keywords,
including commonly used ones, were uninformative by
themselves (eg, “risk,” “program”). We were able to use the
keywordsin combination with title wordsto classify the content
of the paper into categories.
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Table 1. Journals publishing most papersin physical activity, sedentary behavior, and diet el ectronic- and mobile health (eHealth and mHealth) research

(top 20).
Journals Rank basedon Papers Rank basedon  Citationcount  Impact  5-year
total output published total citations ~ (N=31,505), factor impact
(N=1712),  received from  n (%) 20162  factor?
n (%) any journal
Journal of Medical Internet Research 1 164 (9.58) 1 4247 (13.48) 5.175 5.835
BMC Public Health 2 71 (4.15) 7 640 (2.03) 2265 2814
Games for Health Journal 3 56 (3.27) 21 307 (0.97) 2.019 2.242
JMIR mHealth uHealth 4 50 (2.92) 26 240 (0.76) 4.636 4.463
American Journal of Preventive Medicine 5 40 (2.34) 2 2951 (9.37) 4020 5412
International Journal of Behavioral Nutrition and Physical 6 38(2.22) 8 529 (1.68) 4.396 5.813
Activity
Journal of Nutrition Education and Behavior 6 38(2.22) 10 597 (1.89) 2491 2439
Preventive Medicine 8 29 (1.69) 4 1038 (3.29) 3434 3.703
Journal of Physical Activity and Health 9 27 (1.58) 36 176 (0.56) 1946  2.400
Obesity 10 25 (1.46) 5 1032 (3.28) 3.873 4358
Health Education Research 10 25 (1.46) 6 781 (2.48) 1816  2.183
PLoSOne 12 24 (1.40) 28 238(0.76) 2806  3.394
Telemedicine Journal and E-Health 12 24 (1.40) 37 174 (0.55) 2.031 2141
Annals of Behavioral Medicine 14 23(1.34) 3 1461 (4.64) 2976 4.508
Computers in Human Behavior 14 23(1.34) 46 121 (0.38) 3435 4.252
Journal of Telemedicine and Telecare 14 23(1.34) 17 372(1.18) 2.008 2371
JMIR Research Protocols 14 23 (1.34) 68 79 (0.25) N/A N/A
Patient Education Counseling 18 21(1.23) 16 374 (1.19) 2429  3.042
Trandational Behavioral Medicine 19 19 (1.12) 33 221 (0.70) 2.989 2.883
American Journal of Health Promotion 20 17 (0.99) 18 361 (1.15) 2.586 2.280

80btained 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).

WOS subject category Different journals within WoS subject Papers in journals within WoS subject
category, n category (N=2797), n (%)
Public, environmental & occupational health 70 457 (16.34)
Headlth care sciences & services 32 346 (12.37)
Nutrition & dietetics 46 247 (8.83)
Psychology 53 217 (7.76)
Medical informatics 19 214 (7.65)
Medicine 30 145 (5.18)
Education & education research 8 103 (3.68)
Endocrinology & metabolism 30 96 (3.43)
Rehabilitation 28 94 (3.36)
Health policy & services 12 78 (2.79)
http://www.jmir.org/2018/4/e122/ JMed Internet Res 2018 | vol. 20 | iss. 4 [€122 | p.59
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Table 3. Top 10 most published authors in electronic health (eHealth) and mobile heath (mHealth) physical activity, sedentary behavior, and diet
related research in either number of papers, first authored papers, citations, h-or g-index.

Author All papers, n (rank) First authored papers, n (rank) Citations, n (rank)  h-index? (rank) g-index® (rank)
Vandelanotte C 43 (1) 13 (1) 1379 (3) 17 (2.5) 37(1)
Brug J 34(2) 2 (180) 1666 (1) 19 (1) 34(2)
Oenema A 31(3.5) 3(71) 980 (5) 12 (9) 31(3)
De Bourdeaudhuij | 31(35) 2 (180) 788 (9) 16 (4.5) 28 (5)
Marcus B 29 (5.5) 7(4) 1089 (4) 16 (4.5) 29 (4)
DeVriesH 29 (5.5) 1 (764.5) 404 (31) 11 (13) 19 (12.5)
Thompson D 27 (7) 10 (2) 696 (13) 11 (13) 26 (6)
CollinsC 25(8.5) 4(30) 618 (17) 11 (13) 24(7.5)
Maddison R 25 (8.5) 5 (15) 404 (31) 10 (18.5) 19 (12.5)
Morgan P 24 (10) 3(71) 669 (15) 13(7) 24(7.5)
Tate D 23(11) 3(71) 1512 (2) 17 (2.5) 23(9)
Eakin E 21(13.5) 7(4) 869 (7) 13 (7) 21 (10.5)
Baranowski T 21 (135) 6(8) 748 (10) 11 (13) 21 (10.5)
Owen N 15 (22.5) 0(1677.5) 955 (6) 13 (7) 15 (21.5)

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
technol ogieswere 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 wasthe 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 theincluded papers. Physical activity wasthe health behavior
most commonly targeted, followed by articles on weight and
diet. Most studiestargeted 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 tablewith all highly-cited papers can befound in Multimedia
Appendix 8.

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

http://www.jmir.org/2018/4/e122/

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 authorswere 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-analysisthat reported on thelink
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 theliterature,
of which 19 used a systematic review approach, (4 of which
also conducted a meta-analysis). A total of 13 papers reported
datafrom 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 mHeath 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 paperswere 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.

Category

Papersrelated to the category (asidentified
by itstitle or key words), n (%)2

Modifiable factors

Physical activity
Weight-related
Diet or nutrition

Sedentary behavior

Technology

Multimedia and computer-based technologies other than mobile apps

Gamification or games

Wearable technology or self-monitoring
Mobile apps or smartphones

Telehealth

Text message

Social media or marketing

Populations

Adults

Adolescents or youth
Children or infants
Older adults

Women

Men

Setting

School or university

Workplace

Community

Low- or middle-income countries, or low-income settings

Family

Resear ch methodology/focus

Experimental tria

Review and/or meta-analysis

Quialitative study

Observationa study

Costs (including cost-effectiveness and financial incentives)
Creative methods or designs

Mixed methods (including Delphi studies)

1236 (72.19)
859 (50.18)
621 (36.27)
169 (9.87)

906 (52.92)
302 (17.64)
251 (14.66)
217 (12.68)
191 (11.16)
177 (10.34)
89 (5.20)

555 (32.42)
406 (23.71)
400 (23.36)
188 (10.98)
240 (14.02)
12 (0.70)

180 (10.51)
67 (3.92)
73 (4.26)
48 (2.80)
37(2.16)

813 (47.49)
281 (16.41)
224 (13.08)
124 (7.24)
77 (4.50)
31(1.81)
10 (0.58)

#Termsare not mutually exclusive. We used text search to obtain the above categorization, which resulted in ahit if any part of thetitle 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 absol ute 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 al
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 aso applies to the future, we can expect the
publication volume in the physical activity, sedentary behavior,
and diet related to eHealth and mHesalth 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 peopl€e’s
daily lives. With this, opportunities to use these technologies
to address behavioral health arise frequently. Acrossthe 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 morefrequently cited than expected. Thislikely signals
an overal interest in the field.

The open accessjournals 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 a so 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 acitation
advantagein 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
accessjournalsthat 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 ajournal’simpact, as
journals that publish more papers enjoy more opportunities to
receive citations.

While eHealth and mHealth research rel ated to physical activity,
sedentary behavior, and diet is maturing rapidly in many
high-income countries, the research output of hon-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
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publishedin alocal language or in journals not included in WoS.
Nonetheless, this observation is unsatisfying, considering that
(1) fast globalization and urbanization in many upper-middie
and lower-middleincome countriesisrelated to reduced physical
activity and unhedlthy 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, barriersrelated 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 technol ogies 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
availableto alimited 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 barriersto
achieving large-scal e and sustainabl e public health impact with
a specific technol ogy.

We aso 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
asit 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 thefield. These papers may be aresourcefor 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, SM Stext 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 aimost 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 physica activity, sedentary
behavior, and diet that has been conducted between 2000 and
2016. Using keywordsthat are often used in afield isbeneficial
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. Thiswill 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, acrossall fields, only asmall number
of papersand authors determinethedirection of afield [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—Wo0S. 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 papersin journals not included in WoS,
we obtained papers from high-quality international journalsthat
arethemost 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 useinformative keywordsin thetitle aswedid not search
terminology used in abstracts. We did not review referencelists
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of eligible papers or their citations to identify any potentially
missing papers. This, however, limited the (probably large)
number of false positiveresultsin 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
beinterpreted with caution. Publication and citation habitsvary
between and even within fields [52]. The papers obtained for
our bibliometric analysiswere published in avariety 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
usualy 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 consequencesyearsafter treatment completion. However, thereisalack 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 studiestesting and evaluating the intervention.

Methods. Participatory action research methodology was used. The study included face-to-face workshops and rel ated 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. Datawere analyzed iteratively using written summaries of the workshops
and Web-based exercises paralel 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). Preferencesfor 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):€133) 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 diagnosisto survivorship [2]. For parents, achild’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 consequencesyears after completion of treatment
[4-6]. However, currently, there is a lack of evidence-based
psychological interventionsfor parentswho 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 referral sto 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, athough face-to-face
cognitive behavior therapy (CBT) shows promisein 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),
challengesremain 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 forma 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 parentsfollowing cancer treatment completion
[20]. In arandomized 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]. ThisRCT wasinitiated 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 devel oped with the target populationin
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mind [14]. Indeed, poorer levels of acceptability have been
found for internet-administered i nterventions not devel oped 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 parentslater 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 |
(development) research [17], this study adopted a participatory
action research (PAR) approach [18]. One aim of thisstudy was
to develop an internet-administered, CBT-based, psychological,
guided, self-help intervention (ENGAGE) for parentsof children
previously treated for cancer. Another aim was to identify
acceptable proceduresfor 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 peoplewith 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 aparent of achild 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 asevere
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 aprevious 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 regul ar 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
wereincluded as PRPs (4 mothers, 2 fathers). All PRPsreported
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.

Aspectsof thelntervention and Proceduresfor 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
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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
[4,511,12] (personal communication by L Ljungman,
2017-10-23). Second, the intervention should be delivered via
the U-CARE portal (Porta). The Portal isasecureinfrastructure
developed by our research group and includes functions such
aslog-in viabank-issued el ectronic identification; provision of
internet-administered, guided, self-help material; communication
between participants and e-therapists viainternal 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 aquestion
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, MScin 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 processwith 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 viathe
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.

Content Workshop 1 Workshop 2 Workshops3and4 Workshops5and  Expert research  Workshop 7 Workshop 8
6 partner workshop
Topic Welcome Initial engage-  Intervention Study procedures  Treatment manu-  Prototype Evaluation
ment a
Activities Establishing Discussion of Discussionof modes Discussion of pros Reviewing and Reviewingand Summary and
contact; opportunities  of delivery and sup- and cons of ran- refining atreat-  refining atreat-  evaluation of
Presenting the and barriersfor  port functions; Refin-  domizationandac- ment manual; ment prototype  participatory ac-
study context  Initial engage-  ing a CBT model ceptablestudy pro-  Discussion of and materials  tion research
ment cedures manual and draft process
module
Web-based  None Completedby 6 Completed by 6 Completed by 6 None Completedby 5 Completed by 6
exercises PRPs PRPs PRPs PRPs PRPs
Present at 2workshopfa- 2 workshopfa-  Workshop 3: 2 Workshop 5: 2 2 expert research 2 workshopfa- 2 workshop fa-
workshop cilitators; 2re-  cilitators; 3 workshop facilita= workshop facilita-  partners; 5 re- cilitators; 5 cilitators; 2 re-
searchers; 4 PRPs tors; 2 PRPs tors; 3 PRPs searchers PRPs searchers; 6
parent research Workshop 4: 2 Workshop 6: 2 PRPs
partners (PRPs) workshop facilita-  workshop facilita-
tors; 4 PRPs tors; 4 PRPs
Time-frame May 2016 May 2016 May 2016 June 2016 September 2016  November 2016 December 2016
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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
asummary 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, PRPswere asked to provide feedback onthe 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 aresearch group meeting, and added
to the workshop agenda.

Second, each workshop began with around of brief reflection,
providing PRPs with the possibility to share thoughts and
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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 bresk,
and consisted of individual reflection and group discussions.
At the end of each meeting, an individual reflection practice
was carried out where PRPs individualy 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 aworkshop in
progress.

Workshop With Expert Research Partners

Thewritten 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.
Thematerial waswrittenin 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 theintervention 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, preferencesfor optional support functions, and
suggestions on how to improve aspects of theintervention. 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], athematic analysis approach was adopted [22]. PRPS
responsesto the Web-based exerciseswere read and summarized
by HB and LK and reported back to the PRPsin the subsegquent
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
researcherswith aPhD in psychology (coauthors HG and AW),
and 2 clinical psychologists (coauthors MC and LK). Possible
solutionsto parents’ questions and further areas of interest were
identified by the research group before each subsegquent
workshop. Although each workshop had a predefined theme,
the agendafor each subsequent PRPworkshop 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 agendaitems could be
suggested by PRPs. Thisiterative 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 themeswere 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.
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Results

Parent Research Partners Viewson the I ntervention

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 theimportance of communi cation 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 atailored 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, interms 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
modulefollowed 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
theintervention, 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 exercisesfrom theintervention were seen as advantageous.
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Table2. Overview of resultsfrom the participatory action research (PAR) process, summarizing research partners’ views on theintervention ENGAGE
and acceptable procedures for future feasibility and effectiveness studies. CBT: cognitive behavior therapy.

Research partner ~ Views on intervention

Views on procedures

Theme Description Theme Description
Parent research Duration, content Not too burdensome Information Engaging and interesting
partners and presentation of  ghort Web-based exercises about study par-  information, highlighting
the intervention ticipation benefits of guided self-help
One hour per week ] )
10-week Information video about
Fweek program the study before consent-
Text, audio, and video materials ing
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 aswell as CBT exercises from theinterven-
tion
Parent research Support and contact  Initial video or telephone session Time aspects 30 min acceptable time to
partners during theinterven-  googter video or telephone session at half-time complete assessments at
tions Multiol hods of e-therapi ideo call. tel each observation point (ie,
hu tip e;rlnet 3 s of e-therapist contact (video call, tele- baseline, post treatment, 6-
p 9ne call, and written commym cati or.1) month follow-up)
Written feedback throughout intervention 10 min acceptable time to
Single-item mood assessment using 5-point Likert scaleto complete weekly assess-
communicate changes in mood with the e-therapist ments
Expert research Clear Web-based exercises No views pro-
partners Evidence-based CBT exercises vided on study
procedures

Reviewing treatment goals throughout the intervention

“Lessis more”: intervention content reduced
CBT exercises available in the Web-based library
Professionally designed materials

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, aforum, 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, viaemail or videoconferencing [23]. E-therapistswill
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 tjanstgoring for
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 parentsto be ableto “tell their story”
and midway through the intervention to increase motivation.
However, al PRPs raised the importance of parents being able

http://www.jmir.org/2018/4/e133/

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 theintervention with an e-therapist viaavideo
or telephone call has been incorporated (Table 2). However, it
was not deemed possible to completely individuaize the
procedure for parents “telling their story” asit isimportant 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 changesin mood during theintervention. Although
some considered weekly chartsillustrating changesin mood as
an important aspect of the intervention, the mgjority 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 asameansfor participantsto inform their
e-therapist about their mood, in addition to the written
communication.

Expert Research Partners Viewson 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 goal s 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 i ntervention 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 professionalsin graphic design
as suggested by the ERPs. Figure 2 shows an example of an
internet-administered intervention module screen.

Parent Resear ch Partners Viewson What Procedures
Should be Used in Future Studies Testing and
Evaluating the Intervention

I nformation 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,
wasthe 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 beenincluded in theintervention (Table 2). PRPs
were of the opinion that study information should be
communicated by health care personnel, or representativesfrom
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, asrecruitment 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

PRPswere unableto reach consensusregarding theideal 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,
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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
await-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
conditionsin acontrolled study, and the acceptable waiting time
in a controlled study with await-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 participantsin afuture study.
I nstructions were modified according to clarifications.

PRPs expressed concerns about working so closely with the
facilitators who aso 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 inthe PAR process. However, having received CBT within
our previous research [11,12] (personal communication by L
Ljungman, 2017-10-23) was perceived as hel pful in coping with
these demands.
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Figure 2. Example of an internet-administered intervention module screen (illustrations by Annika Carlsson).

Professionally designed
illustrations to enhance the
appearance and user experience
of the materials

Avsnitt 1

Vad har jag varit med om?

Vart dr jag pa vig?
Vilkommen!
Det du nu laser ar ett sjalvhjalpsmaterial till fardldrar vars barn tidigare . )
behandlats mot cancer. Programmet har utformats som ett samarbete Module introductions and
mellan farildrar, psykologer och forskare, och syftar till att kunna erbjuda emphasis on the collaborative
relevant stod till alla fordldrar i situationen dir du nu befinner digi. Genom intervention design process

att delta i detta program har du méjlighet att bearbeta det du varit med och
blicka framdt till det liv du vill leva. Under de kommande 10 veckorna
kommer du att lira dig mer om dig sjélv, samt lira dig nya sitt att hantera
saker som idag kan kinnas svira. Du kommer aven att ha kontinuerlig
kontakt med en terapeut.

Att vara forilder till ett barn som drabbats av cancer

Det ar helt naturligt att kinna att erfarenheten av att ens eget barn haft
cancer har varit pifrestande pd minga vis. Det vore konstigt att inte bli
berdrd av det! Fokus far programmet dr de sakerna som gor att minga
fordldrar i din situation inte kan leva det liv de sd garna vill dterga till. Det
ar den typen av psykiskt lidande och smarta som programmet syftar till att
hjalpa dig med.

Avsnitt 1 i programmet tar upp foljande omriden:

* Vad har jag varit med om? Beskrivningar frin
foraldrar.

+ Varfor kan man som fordlder mi diligt nir ett
barn har blivit firdighbehandlat mot cancer?

* Hur gir psykologisk behandling via internet
till?

+ Vad innebir det att deltagandet ocksd ir en
studie?

* Mina mil med behandlingsprogrammet

A summary of topics adressed in
the module

Materialet i avsnittet bestir av filmer, texter samt dvningar dir du sjélv far
mdjlighet att reflektera dver din situation. G3 igenom materialet i avsnittet
som det ar upplagt, i féljande ordning:

Instructions on how to work

through the module materials
€ 54 anvinder du Portalen

Kristinas berittelse

Andreas berittelse

Hur ar det for mig?
Undantagstillstindet - en modell
Mitt undantagstillstind

Vad behover jag veta?

* Attgora

T

Vad hiinder sedan?

Efter att du har gtt igenom avsnittet och skickat in évningarna kommer du
att fi dterkoppling frin din terapeut. Ett syfte med det hdr avsnittet dr att ge
dig en bild p hur det gir till att anvinda programmet - men skulle du ha
fragor eller funderingar ar du alltid vilkommen att kontakta din terapeut.

Information on next steps and
support provided by the therapist
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Discussion

Principal Findings

A 10-week internet-administered, CBT-based, psychological,
guided, self-help intervention (ENGAGE) for parentsof children
previously treated for cancer, alongside procedures for future
studies testing and eval uating the intervention, were devel oped
in collaboration with PRPs and ERPs. Specificaly, 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 viavideo or telephonein which individual
problem analyses and idiographic goalswill beformulated. The
Web-based intervention will be delivered via the Portal with
weekly e-therapist support. A “booster” sessionwill 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 ableto 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 participantsreporting difficulties
developing arelationship with an e-therapist in the absence of
face-to-face contact [27]. However, theinclusion of avideo 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 faceto-face therapy [29]. The
inclusion of some form of faceto-face contact with an
e-therapist may help develop a therapeutic aliance [30].
Furthermore, supported by the wider literature, was the
suggestion to enhance the acceptance of the
i nternet-administered intervention, and thus potentially facilitate
recruitment, by presenting an informative video about
internet-administered CBT to potential participants [31-33].
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Although some findings were in line with existing related
literature concerning the devel opment 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, aforum, 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 parentsof children
previously treated for cancer, asinformed by previousresearch
conducted by our group [4,5,11,12] (personal communication
by L Ljungman, 2017-10-23). Although PRPs reported that the
conceptualization of distresswas 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
terminol ogy.

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 includetraining
for research partnerswithout research experience [36]. However,
PRPsreported persona growth and helping others as significant
motivators for contributing to the study.

Strengthsand 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 previoudly treated for cancer who have not accessed
psychological support. It should also be considered that although
PRPs of both genders and from different socioeconomic
backgroundswereincluded, 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, thisrecruitment strategy did not result

JMed Internet Res 2018 | vol. 20 | iss. 4 €133 | p.79
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

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 previoudly treated for cancer [36]. Although consensus
was not alwaysreached, in general, acceptabl e alternativeswere
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,
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psychological, guided, self-help interventions for other
populations.
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Abstract

Background: Digita 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 stigmathey may experience in accessing services. If we areto
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 awell-validated measure of therapeutic alliance in face-to-face therapy.

Objective: Thisstudy presented thefirst 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, weinterviewed 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 questionsto elicit viewsfrom 14 service usersand 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 professional s and rel ationships with apps. For example, appswere not astailored 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/I SRCTN 34966555 (Archived by WebCite at http://www.webcitation.org/6ymBVwKif)
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Introduction

Smartphone technology is constantly evolving. Many individuals
usetheir 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 Servicein the United Kingdom has
adigital 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 avariety 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 socia 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, thereis 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, ameasure 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 achallenge 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 alliancein
relation to internet-delivered mental health interventions more
generaly, including computerized programs, have either
assessed therapeutic rel ationship with atherapist supporting the
person to access the technology, or assessed the relationship
with thetechnological device or programitself [8]. These studies
have suggested that the concept of alliance may be alessrobust
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predictor of outcomes than in traditional face-to-face
interventionsfor mental health problems, particularly when the
direct role of the therapist isminimal 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, thereis 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 aliance
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 devel op ameasure 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 al so used thisknowledge 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] (tria registration:
ISRCTN34966555), a proof-of-concept trial investigating the
feasibility —and acceptability of a theory-driven,
smartphone-delivered psychol ogical intervention targeting areas
of distressin early psychosis. Service userswho 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).
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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 aliance related to
DHIs. Specific questions that pertained most directly to the
concept of therapeutic alliance were as follows:

1. Didyou feel asthough 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?

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?

w

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 analysiswas undertaken by AS under the guidance
of KB and SB during regular coding meetings wheretranscripts
were read and coded by al team members to check for
consistency inratings. The organization of thefinal set of codes
into themes was discussed and agreed by the research team.

AS is apostgraduate 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 aliance in people with psychosis. SB has also
published on the therapeutic alliance and isthe 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 choseto adapt the ARM, asthismeasure
has been used in previous studies assessing therapeutic aliance
in the context of computerized and mobile-based mental health
interventions (e, [9,11,15]). The ARM assesses five concepts
thought to comprise therapeutic aliance: 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
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therapist; opennessis characterized by the freedom of personal
disclosure; and client initiative is associated with feelings of
control and empowerment. Consistent with previous studies,
thefirst 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
exploreindividuals' opinions about the ARM as a measure for
assessing therapeutic aliance 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 aliance 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
guestionnaire 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 viaemail so they were
able to familiarize themselves with the measure before the
interview.

Stage 3: Development of the M obile Agnew
Relationship Measure (MARM)

We devel oped an algorithm for scrutinizing and adapting ARM’s
items. The rationale for the agorithm 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 aternative
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 aliance concept of an
item did not trandlate to an mHealth context and no suitable
aternative 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 ahuman therapist.
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Table 1. Summary of themes from stage 1 with illustrative quotes.

Theme

Illustrative quote

Forming a bond and relationship
with the app

Building a supportive relation-
ship with the app

Mimic human support

Barriersto bond

Preference for an app instead of
a human therapist

Apps provide greater freedom
than face-to-face

Apps promote self exploration

“1 actually missdoing it cause it does help on different days. Not doing it, | missit.” [Participant 6]

“Sometimes, it would have been better for me, | would have preferred to have the app, even now, even though

| probably wouldn't use it for 2 or 3 weeks, and still be relying on the information. There comes atime where

you mind goes blank to the situation and you're in complete panic mode and to be able to say ‘| need someone.
| can't get [Care Coordinator] on the phone, | can't get my care-worker on the phone. What do | do? " [Participant
1

“It's another tool in the arsenal...your CPN, he's only there once a week, there’'s along 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 | can go out quite freely now
without my CPN.” [Participant 1]

“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 agood 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 aswell...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]

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

“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 | 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]

“With the app, you do find yourself opening up alittle 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 'thisis how I'm feeling, |
know because I've had it on the app'...I've got the app there to be, alone, on my own. | can be an emotional wreck
if I want to be, | can be ablubbery, crying baby again if | want to be cons I'm on my own, I'm with my app and
it's getting me through this and that’swhat | got from it.” [Participant 1]

“...You were ableto 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
guotes 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 ashaving a*“therapist” in their pocket. Furthermore,
anumber 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

http://www.jmir.org/2018/4/e90/

wastoo generic. Thisnotion was deemed rel evant to the concept
of developing a relationship with the app, as participants
perceived that it was these “robotic” features that hindered the
development of arelational bond.

Theme 2: Preference for an App Instead of a Human
Therapist

In some accounts, participants alluded to afreedom to be honest
and open with the app, which was noted as a key differencein
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 rel evant to the concept of rel ationship, 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, thisimproved 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.
Modified ARM®items Not relevant  Somewhatrelevant  Quiterelevant  Highly relevant
n (%) n (%) n (%) n (%)
| feel free to express the things that worry me 1(5 0(0) 9 (45) 10 (50)
| feel friendly towards the app 1(5) 4(21) 8 (42) 6(32)
| am worried about embarrassing myself when using the app 6(32) 5 (26) 5(26) 3(16)
| take the |ead when using the app 0(0) 6(32) 9(47) 4(21)
| keep some important things to myself and don’t sharethem withtheapp 5 (26) 2(11) 5(26) 7(37)
| have confidence in the app and its techniques 0(0) 0(0) 10 (53) 9 (47)
| feel optimistic about my progress 0(0) 1(5 13 (68) 5(26)
| feel | can openly express my thoughts and feelings when using the app 0(0) 2(11) 8 (42) 9 (47)
| feel critical or disappointed in the app 5(26) 6(32) 4(21) 4(21)
| can share personal matters | am ordinarily ashamed or afraid to revea 2(11) 4(21) 6 (32 7 (37)
I look to the app for solutions to my problems 0(0) 6(32) 8(42) 5(26)
The app’s skills are impressive 1(5) 8(42) 8 (42) 2(1y
The app accepts me no matter how | respond 2(11) 0(0) 10 (53) 7(37)
| feel influenced by the app in ways that are not beneficial to me 6(32) 3(16) 6 (32 4(21)
The app finds it hard to understand me 7(37) 3(16) 5(26) 4(21)
The app’s approach is warm and friendly with me 1(5) 5 (26) 5(26) 8(42)
The app does not give me the guidance | would like 5(26) 4(21) 4(21) 6(32)
The app feels persuasive 4(21) 7 (36) 5(26) 3(16)
The app is supportive 1(5 1(5 11 (58) 6(32)
The app follows its own plans, ignoring my views on how to proceed 6(32) 3(16) 5(26) 5(26)
The app is confident in its messages and techniques 3(16) 3(16) 7(37) 6(32)
The app seems bored or impatient with me 6(32) 5 (26) 6 (32 2(1y
The app expects me to take responsibility rather than be dependent on it 4(21) 6(32) 7(37) 2(11
The app and | are willing to work hard together 3(16) 6(32) 8 (42) 1(12)
| take the lead and the app expectsit of me 2(11) 7(37) 7(37) 3(16)
The app and | agree about how to work together 3(16) 3(16) 9 (47) 4(21)
The app and | have difficulty working jointly as a partnership 5(26) 6(32) 6(32) 2(11)
The app and | are clear about our role and responsibilitieswhen weinteract 2 (11) 6(32) 8 (42) 3(16)

3ARM: 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 theword “therapist” with theword “app.” The number
of participants who rated each item as not relevant, somewhat
relevant, quiterelevant, 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 usersreported
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 goa with an app or
the concept of the app and the person working together, were
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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 aless
reciprocal relationship. For example, the majority of staff and
service usersreported that theitem, “I feel friendly towards the
app” wasrelevant. Itemswhich 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“1 feel | can openly express my
thoughts and feelings when using the app” were felt to be
relevant.

Stage 3: Development of the M obile Agnew
Relationship Measure

Stage 3 of the study aimed to use the results of stages 1 and 2
to reach aconsensus about which itemstoincludein the mARM.
Eight of the original items were retained, 16 were revised, 4
wereremoved dueto alack of suitable alternatives and one was
added to capture akey theme from theinterviewsin 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
careteaminmy pocket”). The changeswe made to the measure
along with therationale 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
aliance 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 arelationship with an app as opposed to arelationship
with ahuman 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” intraditional measures of allianceisinsufficient 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
therapistsinvolved 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 programsfor mild to moderate mental health problems
[9-11]. These studies suggested that alliance ratingsin relation
to computer programswere similar to therapist allianceratings;
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although, allianceratingswere dightly lower than typical ratings
of therapists and alliance was a less important predictor of
outcome. However, al 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
aliance 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 dial ogic engagement may present achallengefor 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 themsel ves 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 dightly 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 adaptionsto 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]) assessesfactors such asan 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 anindividual is not
satisfied with the quality of the app, it is unlikely that s’he will
develop a positive aliance with the app), it is important that
measures of alliance in mHealth are sufficiently focused on
concepts directly relevant to aliance such as bond,
responsivenessto need, and communi cation, 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 a’s[11] finding that
aliance 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.
Thesefindings 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 mMARM. 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 asingle 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, asopposed to generating items solely from the interviews
may have resulted in us missing some potentially important
conceptsthat 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 awider 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
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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 aliance have resulted in
an alliance measure with good content and face validity that
can assess dliance in mHeath contexts. Simply replacing
“therapist” with “the app” in an established measure of alliance
is insufficient to capture the nuances of therapeutic aliancein
mHealth. The next crucial step in this program of researchisto
carry out amore 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.

Modification and justification of the amended Agnew Relationship Measure (ARM).

[PDE File (Adobe PDF File), 32KB - jmir_v20i4€90_appl.pdf ]
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The mARM—the amended Agnew Relationship Measure for use in mHesalth interventions.
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Abstract

Background: Littleisknown about how individuals engage with el ectronic health (eHealth) interventions over time and whether
this engagement predicts health outcomes.

Objective: The objectives of thisstudy, 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% CIl 1.45-3.43; P<.001), respectively, of being abstinent at 12 months. Smokefree
userswere 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: Patternsof 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: Clinical Trials.gov NCT01812278; https.//www.clinicaltrials.gov/ct2/show/NCT01812278 (Archived by
WebCite at http://www.webcitation.org/6yPO20IKR)

(J Med Internet Res 2018;20(4):€10143) doi:10.2196/10143
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engagement; trajectories; eHealth; websites; tobacco; smoking; acceptance and commitment therapy; smokefree.gov; patient
participation; telemedicine; tobacco use cessation; smoking cessation
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Introduction

Electronically delivered health interventions (or eHealth
interventions), such as websites and mabile apps, have been
successful methods of health behavior change[1-4]. In thisbody
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 1og-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 alonger period of
time as opposed to over ashort 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 appsfor health behavior change are usually
available for participants to use at will, which resultsin high
variations of individual usage patterns, or usage trajectories,
over time. For example, some users may follow atrajectory 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. Itispossible
that some groups of individualsfollow unique usagetrajectories
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 amarker of ongoing challenges and strugglesto 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 trajectoriesthat people follow can help usidentify which
usage patterns are beneficial and make recommendations for
future program use. Thiswill 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 patternsover time[8-11]. Morerecently,
a few studies have analyzed usage trajectories for eHealth
interventions. One study examined 8-week usage trajectories
of adiabetes 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 traectories of a short message service (SMYS)
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
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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 revea the
qualities of individuals who are likely to have engagement
patternsthat are rel ated to successful and unsuccessful outcomes.
K nowing these baseline characteristics might all ow researchers
and intervention designers to tailor eHealth interventions to
users’ unique challenges, needs, and limitations. While studies
have found that being awoman, being ol der, and having ahigher
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 [og-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 €ligible 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 I nterventions

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. Participantswere freeto usetheir 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 smokersto let their urges passwithout 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: Vaues 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
exercisesto 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 exercisesto help participantsidentify
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
i ntervention was al so named WebQuit so that participantswould
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 tipsfor the quit day, staying
smoke-free, and dealing with cravings. The section a so provided
infformation 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.

M easures

Baseline Characteristics

At baseline, participants reported on demographics, a cohol use,
smoking history, and whether they had a partner and friends
who smoked. We measured nicotine dependencewith all 6 items
of the Fagerstrém 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 | have to in order to quit smoking.”). The
scale, which has been used in multiple smoking cessation trials
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[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 scae) [25], generalized anxiety (Generalized
Anxiety Disorder 7-item scal€) [26], panic disorder (Autonomic
Nervous System Questionnaire) [27], posttraumatic stress
disorder (PTSD; PTSD Checklist) [28], and social anxiety
(mini-Socia Phobia Inventory) [29]. We included the results
ascovariates 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 |og
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 |east 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 studieswhere data are coll ected 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 afunctional 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 trgectories 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’slog-in trajectory
by transforming longitudinal sequences of log-in time stamps
into abinary time seriesindicating 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 longitudina datawithout 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 trgjectories.
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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 model swerefitted.
For covariate-adjusted models, we sel ected 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 characteristicsthat 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

Bricker et al

outcome. We selected variablesin the final multivariate model
viaastepwise AIC procedure from apool of candidate baseline
covariatesthat 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%
werefemale, 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 tragjectories. LGBT: leshian, gay,
bisexual, and transgender; FTND: Fagerstrom Test for Nicotine Dependence; PTSD: posttraumatic stress disorder.

Participant characteristics ~ WebQuit (n=1240)

1-week users 5-week users  52-week users  Overall

Smokefree (n=1309)
1-week users  4-week users  5-week users  Overall

(n=682) (n=399) (n=159) (n=645) (n=395) (n=269)
Age (years), mean (SD) 446(136) 474(125) 51.4(126) 464(133) 454(132) 46.0(138) 481(128) 46.2(13.3)
Male, n (%) 149 (21.8) 67 (16.8) 32(20.1) 248(20.0) 133(20.6) 90(22.8) 49 (18.2) 272 (20.8)
Married, n (%) 263(38.6) 174(43.6) 56(35.2) 493(39.8) 234(36.3) 140(354) 89(33.1) 463 (35.4)
Working, n (%) 354(51.9) 212(53.1) 83(52.2) 649 (52.3) 362(56.2) 196(49.6) 118(43.9) 676 (51.6)
Highschool or less, n (%) 204 (29.9) 98(24.6)  42(26.4) 344(27.7) 185(28.7) 107(27.1) 70(26.0)  362(27.7)
LGBT, n (%) 63 (9.2) 32(8.0) 14 (8.8) 109 (8.8) 63(9.8) 42 (10.6) 30(11.2) 135 (10.3)
White, n (%) 558 (81.2)  323(81.0)  123(77.4) 1004 (81.0) 530(822) 321(81.3) 218(81.0)  1069(81.7)
Hispanic, n (%) 52 (7.6) 34(8.5) 6(3.9) 92 (7.42) 52 (8.1) 42 (10.6) 27 (10.0) 121(9.2)
Any quit attemptinlast 12 269 (42.0)  165(43.9) 70 (46.1) 504 (43.1) 285(45.7) 169 (44.5) 121(46.9) 575(45.6)
months, n (%)
FTND score, mean (SD) ~ 5.68(2.19) 554(2.18) 558(221)  562(219) 570(210) 571(217) 5.33(2.32) 5.63(217)
Smoking characteristics
I(—|a|) fapack ormore,n 539(79.0) 313(784)  128(80.5) 980(79.0) 523(81.1) 313(79.2) 195(725)  1031(78.8)
%
>10 years, n (%) 530(77.7)  327(82.0) 139(87.4) 996 (80.3) 509(78.9)  310(785) 223(829)  1042(79.6)
Partner smokes, n (%) 459 (67.3) 279 (69.9) 115 (72.3) 853 (68.8) 454 (70.4) 270 (68.4) 200 (74.3) 924 (70.6)
No. of friends who 2.2(1.6) 2.1(1.6) 2117 2.2(1.6) 2.3(1.6) 21(1.6) 23(1.7) 2.2(1.6)
smoke, mean (SD)
E:on;mitment score, mean  4.01(0.74) 3.97(0.75) 3.94(0.77) 3.99(0.75) 4.01(0.77) 3.96(0.73) 4.04(0.82) 4.00(0.77)
SD
Mental health measures, n (%)
Depression 400 (59.0) 208(52.3) 80(50.3) 688(55.7)  374(58.4) 208(52.9) 149(55.8)  731(56.2)
Anxiety 246 (36.4) 123(3L1) 41(25.8) 410(333) 238(37.0) 130(33.0) 93(34.6) 461 (35.3)
Social anxiety 197 (29.0) 123(30.8) 37(23.4) 357(28.9) 191(29.7) 125(317) 88(32.8)  404(30.9)
Panic 304 (49.0) 167(47.6) 58(42.3) 529 (47.7) 292 (49.7)  173(49.3) 117(483)  582(49.3)
PTSD 368(54.3) 207(52.1)  72(45.3) 647 (52.4) 357(55.4) 187(47.5) 143(53.2) 687 (52.6)
I(—|a)zardous alcohol use, n 83(12.4) 38(9.7) 13(8.6) 134 (11.0) 82 (13.0 36 (9.5) 23(8.7) 141 (11.1)
%
Alcohol or drug abuse, n 36 (5.3) 20 (5.0 10(6.3) 66 (5.32) 37(5.7) 31(7.8) 14 (5.2) 82 (6.3)

(%)
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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
(X%, neoaos=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
reveadled 3 distinct groups of trgjectories 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 trgjectory 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 weretermed 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. Thethird
trgjectory 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 daysin 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), thefirst trajectory
group (645/1309, 49.27% of sample) logged in less than once
on averagein thefirst week and then had almost no log-ins after
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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.
Thethird 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
aspikeinlog-insat week 12, corresponding to the invitation to
complete the 12-week outcome survey that, while completely
independent of theinterventions, likely triggered some usersto
engage with their assigned intervention website.

Trajectory Member ship Prediction of Smoking
Cessation Outcome

Table 2 shows each intervention arm’s trajectory group
membership asapredictor of 30-day point prevalence abstinence
at the 12-month follow-up. For WebQuit, abstinence rates for
these 3 trgjectory 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 covariates®

Arm and covariate Oddsratio 95% Cl P value

WebQuit
5-week users 157 1.13-2.17 .007
52-week users 2.24 1.45-3.43 <.001
Half a pack or more 0.58 0.41-0.82 .002
Commitment 1.69 1.37-2.10 <.001
Panic? 0.75 0.55-1.01 .06

Smokefree
4-week users 1.00 0.73-1.37 .99
5-week users 148 1.05-2.07 .02
High school or less 0.69 0.50-0.94 .02
Smoking >10 years 0.76 0.55-1.06 .10
Smokes within 5 minutes of waking 0.75 0.57-0.99 .05
Commitment 171 1.41-2.07 <.001
Partner smokes 0.62 0.47-0.84 .001

8Reference 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 characteristics®

Arm, cluster, and characteristic Oddsratio 95% ClI
WebQuit
5-week users
Smoking >10 years 1.27 0.93-1.75
Not anxious® 125 0.96-1.64
52-week users
Smoking >10 years 1.90 1.14-3.14
Not anxious 1.56 1.06-2.33
Smokefree
4-week users
Less than half a pack 1.16 0.85-1.61
Unemployed 133 1.03-1.72
No posttraumatic stress disorder® 143 111-185
5-week users
Less than half a pack 1.72 1.23-2.44
Unemployed 179 1.33-2.38
No posttraumatic stress disorder 1.16 0.88-1.56

8Reference group: 1-week users. Only significant predictors have been included in this table for ease of reading.

bRefersto screeni ng negative for generalized anxiety disorder.
CRefers to screening negative for posttraumatic stress disorder.

Compared with 1-week users, 4-week userswere not morelikely
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

http://www.jmir.org/2018/4/€10143/
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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
Member ship

Since the groups of tragjectories were different acrossthe 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 positivefor 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 theimpact of related covariates, the multivariate
regression model showed that smoking lessthan 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% Cl 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 amember of the 4-week user
group relative to the 1-week user group. Therewas no evidence
in either sample that sex predicted trajectory membership (all
P>.05).

Discussion

Principal Findings

To our knowledge, thiswas one of few studiesto 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 WebQuiit intervention had a
greater number of weekly log-inswithin 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.

http://www.jmir.org/2018/4/€10143/
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Usage Trajectories and Health Outcomes

Regarding thefirst trgjectory group, half the participantsin both
armswere 1-week users, which isasignificant concern because
they weretheleast likely to abstain from smoking at 12 months.
Thus, it is imperative to learn why a participant would have
amost 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 thewebsite. 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 userswere more
likely to quit smoking in the WebQuit intervention (as well as
for Smokefree, which had 5-week users as its third trajectory
group). Theseresults suggest that strategiesto 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 (viatext 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) a5-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 patternsthat are likely explained by differing
website structures. For Smokefree, this group was the 5-week
users. The fact that they had aimost 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, asthey 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
includestracking progresswith urgesand 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 trgjectory 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 heath behavior.
E-intervention design should thus focus on methods to
encourage engagement over time, which may include strategies
similar to those suggested above.

Personal Characteristicsand Usage Trajectories

The impact of persona 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 areflection 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 amental
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 peoplewith mental health
disorders. Therewas no evidencein this study that sex predicted
trajectory membership. Nonethel ess, 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.
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Limitations and Future Directions

The study had severa 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 eHedlth
interventions. Second, cessation outcome datawere 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 theidentity of the person providing the sasmple, 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 trgjectory 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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Multimedia Appendix 1

Average weekly log-in tragjectory each for cluster from the WebQuit (n=1240) arm and Smokefree (n=1309) arm for 52 weeks
of use.
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Multimedia Appendix 2

Age as dichotomous variable (reference: <30, age not selected in SmokeFree arm), odds ratios reported with 1-week users as
comparison group.
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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
disparitiesin 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 technol ogiesto 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 asupported care model that involved team-based collaborative depression care for saf ety-net primary care adult patients
with type 2 diabetes.

Methods: DCAT isatrandational 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 technol ogy-facilitated care), most
of whom were Hispanic or Latino and female. Compared with usual care, both the supported care and technol ogy-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 vaue:
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 usua
care=.02, technology-facilitated care vs usual care=.007); and reduced functional disability as measured by Sheehan Disability
Scale scores (LSE: usua 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 (L SE: usual care=3.20, technology-facilitated care=3.70; P=.05); reduced total cholesterol level (L SE:
usual care=176.40, technol ogy-facilitated care=160.46; P=.01); improved satisfaction with diabetes care (L SE: usual care=4.01,
technology-facilitated care=4.20; P=.05); and increased odds of taking an glycated hemoglobin test (technology-facilitated care
vsusual 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 technol ogy-facilitated care model hasagreater likelihood to improve depression
remission, patient satisfaction, and diabetes care quality.

(J Med Internet Res 2018;20(4):€147) 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

and Latinos are less than half aslikely as non-Hispanic whites

Introduction to receive guideline-level depression care [20].

Depression Carein Underserved Populations Research has shown that there are effective waysto reduce these

Depression, an underdiagnosed comorbidity for those with
chronicillness[1], impairsfunctiona status and worsensclinical
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 adultswith diabetesalso
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 lesslikely to
meet glycated hemoglobin (HBA ;) and serum cholesterol goals
[15]. Racial and ethnic minority populations also experience
disparitiesintermsof mental health care, including appropriate
mental health diagnosis, counseling, antidepressant medication
prescriptions, and depression care follow-up [16-23]. Hispanics

http://www.jmir.org/2018/4/e147/

disparities. For example, there is growing evidence that a
team-based collaborative depression care model is effectivein
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 effectivein hel ping 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 acomplex 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
providersoften 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
patientsin 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) isatrandational study in alarge safety-net system of
primary care settingss. The study compared a
technology-facilitated care (TC) model with ausual care (UC)
model and a supported care (SC) mode 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
integratesit with adisease 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.
Firgt, existing studieslargely rely on labor-intensive, team-based
SC approaches to implement collaborative depression care
[24-27,40-43]. Thereisevidence that this SC model is effective
and can be cost-effective compared with UC [24-27,44-47].
However, it is challenging for SC teamsto 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
providersin resource-constrained saf ety-net clinics from many
labor-intensive tasks such as collecting, summarizing, and
reviewing individual or aggregate patient datato facilitate care,
automation can facilitate the adoption of collaborative
depression care. Therefore, DCAT tested ICT that automated
critical information collection and processing for depression
caretasks, 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
devel op a patient-centered approach to implement collaborative
depression care for low-income, predominantly minority
safety-net patient popul ations. Prior studies have demonstrated
that the team-based approach can effectively implement
collaborative depression carein safety-net environments[24-27];
DCAT built on this evidence by applying the ICT to further
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addresslanguage, time, and stigmabarriers[33,41,48] affecting
safety-net patients. DCAT accomplished this by customizing
callswith the patient’s preferred language and call time, making
multiple attempts (if needed) to connect with the patient, and
establishing aprivate and machine-only venueto report sensitive
depression measures to reduce socia 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 severa
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 outcomeswill compare with SC
outcomes, this paper also explores whether the TC group will
have better outcomes than the SC group.

Methods

Diabetes-Depression Care-M anagement Adoption Trial
Study Design

DCAT isatrandationa study conducted in collaboration with
Los Angeles County Department of Health Services (LACDHS),
the second largest safety-net care system in the United States.
Ingtitutional review board approval was obtained from the
University of Southern California, the Olive View—University
of CaliforniaLos AngelesMedical Center, and theLosAngeles
Biomedical Research Institute.

Study Sites and | ntervention Period

The study used aquasi-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
caremodel diversity. These clinicswere matched by geographic
location and patient sociodemographicsto 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 evidenceisperformed by PCPsand
their staffs. The SC and TC groups each featured two careteams
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 asatellite community clinic; the other team
practiced in acommunity clinic in a different geographic area.

Theintervention period was 12 months, and the study occurred
from 2011 to 2013. During the first 6 months, the UC group
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received usual primary care, whereas the SC group received
DM P-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 usua primary
care, athough the ATA calls were continued for the full 12
months. This paper reports the 6-month outcomes.

I ntervention Description

Table 1 showstheintervention e ements 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.

Elements Usual care Supported care Technology-facilitated care
Care paradigm Standard primary care; optional PST  Diabetes DM P-supported care; PST; Inter- Diabetes DMP-supported care; PST; ATA
active DMR system linked to DMR enhanced with clinical deci-
sion support software
Clinic setting Two community non-DMP clinics  Two diabetes DMP teams in safety-net Two diabetes DMP teams in safety-net

clinics: one serving both hospital-based
outpatient clinic and a satellite community
clinic, and other serving in acommunity
clinic in adifferent geographic area

Patient education
and care resources

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

community resource information  tion

Physician education  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

Cliniciantraining for
PST

Optional for UC clinicians

Depression screen
and ongoing symp-
tom monitoring

Standard care determined by PCP
practice

Depression treat-
ment

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

care ras

Provider collaboraa LACDHS standard clinic collabora-

tive communication tion

needs PST
Patient relapse pre-  Standard care
vention worker

Depression educationa pamphlets (in En-
glish) or fotonovella (in Spanish) adapted
for diabetes patients; Standard provider

contact and community resource informa-

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

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

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

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

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

Monthly telephone calls by nurse or social

clinics: one serving both hospital-based
outpatient clinic and a satellite community
clinic, and other serving in a community
clinicin adifferent geographic area

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

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

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

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

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 plusenhanced team care collaboration
facilitated by DMR: Reminders prompt
designated respondersto follow up; Respon-
dersinclude DMP nurse, social worker,
medication prescriber or PCP, or psychia-
trist

Monthly or quarterly automated telephone
calls prompt for relapse prevention.
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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 DM P 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 DM P 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 Statisticall Manual of Mental Disorders,
4th edition criteriaas“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 aso designated a social worker to provide
problem-solving therapy (PST), an evidence-based depression
treatment [59].

Technology-Facilitated Care M odel

The TC modd aso operated in a DMP clinic setting with a
DMR and supplemental depression care based onthe LACDHS
depression care protocol and treatment guideline. The TC mode!,
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 communi cate theresults
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 cal contents were individually tailored, driven by a
preprogrammed al gorithm 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
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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 apatient 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 apatient 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’slanguage and
schedule preferences (25/366 or 6.8% of the patients made the
regquest).

The patient-reported ATA dataweretethered to the DM R, which
in the TC model was enhanced by clinical decision support
softwarefor provider collaborative communication. Thedecision
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 tasksin 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
socia worker to follow up with a patient with major depression
symptoms, or task a nonclinical assistant to address patient
calback requests. Task reminders included structured,
radio-button lists of potential care management actionswith the
option of free text to support evidence-based practices and to
ease providers documentation burden.

If apatient expressed an inclination toward self-harm or suicide
(ie, responded to PHQ-9 question 9 with ascore of 2=morethan
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 dutiesto participatein thetrainings.

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

Textbox 1. Eligibility criteriafor patients.
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traditional way by calling patients and coordinating care among
themselves. All patients in the SC and TC groups received
support from anurse care manager by telephoneor intheclinic;
in the TC group, patients also received the ongoing follow-up
ATA cdlls 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 partia response (reduction in PHQ-9 scores) or
nonresponse back to thetreating physician or nurse practitioner,
who would adjust antidepressant medication dosage (or
encourage nonmedicated patients to begin medication) and the
addition of PST. Patientswith afull response (PHQ-9 scoreless
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 inligibility 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.

Eligibility criteria

o 18yearsor older

«  Had been diagnosed with type 2 diabetes
«  Had aworking phone number

«  Spoke English or Spanish

«  Could read and understand the consent form

Textbox 2. Ineligibility criteriafor patients.

Ineligibility criteria

«  Patients with baseline possible suicidal ideation
«  Patients with cognitive impairment

«  Pdtientswith alcohol abuse

«  Patients with recent lithium or antipsychotic medication

http://www.jmir.org/2018/4/e147/

JMed Internet Res 2018 | vol. 20 | iss. 4 [e147 | p.107
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Wuetd

Table 2. Primary outcome measures in the Diabetes-Depression Care-management Adoption Trial (DCAT), Los Angeles, 2011 to 2013. HBA ¢
glycated hemoglobin; PHQ-9: 9-item Patient Health Questionnaire; PST: problem-solving therapy; SF-12: 12-item Short Form Survey.

Variables

Description

Depression, measured at baseline and 6
months post intervention

PHQ-9 [58]

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 pharmacol ogic

or PST treatment.

Depression remission

Dichotomous variable assessing effectiveness of treating patients with major depression. Depression

remission defined as baseline PHQ-9 210 and 6-month PHQ-9 <8 with a reduction =50%.

Diabetes, measured at baselineand 6
monthspost intervention if not otherwise

Continuous variable assessing severity of diabetes. HBA ;. value indicates average plasma glucose

indicated
HBA ;. value?
concentration over prolonged periods.
HBA 1 tested® Dichotomous variable assessing diabetes care process.

Total cholesterol®
Diabetes self-care [61]
Exercise

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

SF-12 physical score [62]

SF-12 mental score [62]
Sheehan Disability Scale [63,64]
Satisfaction with diabetes care

Satisfaction with care for emotional
problems

Satisfaction with care for emotional

problems, baseline PHQ-9 210 tinuous variable.

Continuous variable ng cholesterol levels and severity of dyslipidemia

Days per week of diabetes self-care. Treated as a continuous variable.
Days of participating in at least 30 min of exercise during previous week.

Continuous variables assessing functional health and well-being

Self-reported tool assessing functional impairment in work or school, social, and family life.
Five-level score assessing diabetes care satisfaction. Treated as a continuous variable.

Five-level score ng mental health care satisfaction. Treated as a continuous variable.

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

8The HBA 1 value, HBA . 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 M easures

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 SolutionsLtd, Boston
MA) [65] to estimate effect sizes of the treatment with
nonrandomized pre- and postintervention comparisons and
longitudinal statistical approaches for repeated measures to
comparetrendsin depression-related outcomes. The calculations
assumed an alphaof .05, power of 0.80, attrition rates|ess than
20% at each 6-month follow-up assessment up to 18 months,

http://www.jmir.org/2018/4/e147/

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 asmall effect
size of 0.1.

Statistical Analysis

All analyseswere carried out according to theintention-to-treat
rule consistent with standard practicein most clinical trials. The
propensity score method has proved to be an effective approach
to analyzing observationa 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. Patientswith the same propensity scores
are like those in arandomized 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 variabl es. 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, HBA,., 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,
HBA,., age, gender, and preferred language were included
because their effects on outcomeswere 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 Ingtitute 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,
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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
HBA,. compared with UC patients because the SC and TC
patients were enrolled from the DMP program designed for
patientswith severe diabetes. Other significant differenceswere
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 samplesincluded in versus excluded
from the regression analysis. No significant differences were
identified.

Six-Month Outcomes

With the final sample size of 1087 (341in 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% Cl 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), athough 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 HBA . test (TC vs UC: AOR=3.40, 95%
Cl 1.58-7.31, P<.001). Thelatter was positively correlated with
depression remission (AOR=2.67, 95% Cl 1.15-4.17, P=.004).
Therewere no significant differencesin 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.

Baseline characteristic Usual care Supported care Technology-facilitat- SCvsUC TCvs TCvsSC
(n=416)2 (n=461)2 ed care (n=432)2 (Pvalug) YC (P value)
(P value)
Agein years, mean (SD) 55.15 (9.21) 51.92 (9.29) 52.63 (8.74) <.001 <.001 47
Female, n (%) 293 (70.4) 271 (58.8) 266 (61.6) <.001 .02 .66
Latino, n (%) 389 (94.0) 386 (83.7) 390 (90.5) <.001 23 .003
Spanish as preferred language, n (%) 366 (88.0) 360 (78.1) 352 (81.5) <.001 .03 .38
Body mass index, mean (SD) 32.55 (7.04) 32.73(7.64) 33.11(7.16) 92 50 72
Less than high school education, n (%) 310 (74.5) 287 (62.3) 306 (70.8) <.001 A7 .02
Unemployed, n (%) 275 (66.1) 30 (67.0) 286 (66.2) 96 .99 96
Economic distress?, mean (SD) 3.91 (2.44) 3.76 (1.98) 4.35(2.10) 57 .009 <.001
Number of stressorsS, mean (SD) 2.16 (2.20) 2.57 (2.30) 254 (2.11) 02 .03 .98
Sum of stresslevel®, mean (SD) 14.50 (16.23) 19.26 (19.49) 17.16 (16.87) <001 .07 18
Predicted future health cost®, mean (SD) 6711.47 (3347.32) 6830.82(3854.07) 6376.52(3930.77) .87 39 15
Age at onset of diabetes, mean (SD) 45.20 (10.52) 41.84 (10.19) 42.32 (9.84) <.001 <.001 76
Insulin use, n (%) 114 (27.4) 310(67.2) 282 (65.3) <.001 <.001 .80
SF-12 physical, mean (SD) 43.24 (11.19) 45.83 (10.91) 43.96 (10.89) .002 61 .03
SF-12 mental, mean (SD) 50.09 (12.12) 49.33 (14.16) 50.39 (12.44) 66 94 45
Number of diabetes complications), mean (SD) 071 (0.45) 0.73 (0.44) 0.65 (0.48) 76 15 02
Whitty-0 diabetes symptoms scale?, mean (SD) 167 (0.63) 1.71(0.63) 1.56 (0.53) 54 03 <.001
Diabetes emotional burden”, mean (SD) 2.75(1.96) 3.69 (2.08) 2.53(1.88) <.001 22 <.001
Diabetes regimen stress”, mean (SD) 2.61(1.91) 3.61(2.11) 2.40 (1.85) <001 .27 <.001
Diabetes seif-care, mean (SD) 4.04 (1.34) 4.76 (1.24) 4.23(1.23) <001 .07 <.001
PHQ-, mean (SD) 6.55 (5.51) 6.80 (6.43) 6.44 (5.97) 81 96 65
Brief Symptom Inventory¥, mean (SD) 1.32(3.02) 1.27 (3.24) 0.98 (2.72) 96 22 32
Sheehan Disability Scale, mean (SD) 2.19(2.80) 2.10(3.00) 2.06 (2.87) 87 78 98
Dysthymia, n (%) 55 (13.2) 116 (25.2) 64 (14.8) <.001 81 <.001
Previous diagnosis of mgjor depressive disor- 23 (5.5) 75 (16.3) 17 (3.9) <.001 .68 <.001
der, n (%)
Chronic pain, n (%) 127 (30.5) 129 (28.0) 71 (16.4) 65 <.001 <.001
Satisfaction with diabetes care, mean (SD) 4.61 (0.74) 4.81 (0.50) 4.67 (0.53) <.001 .33 <.001
Satisfaction with carefor emotional problems, 4.22 (0.99) 4.70 (0.63) 4.52 (0.66) <.001 <.001 <.001
mean (SD)
HBA 1. value, mean (SD) 8.37(1.93) 9.57 (2.20) 9.73 (1.93) <.001 <.001 46

3/al ues are numbers (column percentage) for categorical variables and mean (SD) for continuous variables.
bA ssessed by 12 genera 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 alarger 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 scoresindicating a higher level of stress.

CPrediction 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 scoresindicate alarger number of diabetes complications.

9Assessed by the 9-item diabetes symptoms scale [77], scored 1-5; higher scores indicate more severe diabetes.
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hA ssessed by the 2-item Diabetes Distress Scale [ 78], scored 1-6; higher scoresindicate a higher level of diabetes distress.
' Assessed by the Toobert Diabetes Selfcare Scale [61], scored 0-7; higher scores indicate better diabetes self-care.
J Assessed by the 9-item Patient Health Questionnaire [58], scored 0-27; higher scores indicate worse depressive symptoms.

KA ssessed by the Brief Symptoms Inventory [79], scored 0-24; higher scores indicate worse anxiety.

| Assessed by the Sheehan Disability Scale [63,64], scored 0-30; higher scores indicate more significant functiona impairment.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram: participant flow of Diabetes-Depression Care-Management Adoption
Triad (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 (HBA 1), age, gender, and preferred language.
L east squares means and SE reported for continuous outcomes. L SE: 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: usua care.

Continuous outcome Usua care Supported care Technology-facilitated SCvsUC TCvs TCvsSC
(n=341), LSE(SE) (n=380), LSE(SE) care(n=366),LSE(SE) (pyaue) UC (P value)
(P vaue)
PHQ-9 6.35 (0.49) 5.05 (0.47) 5.16 (0.48) .02 .02 .81
HBA . value 7.95 (0.17) 7.79 (0.16) 8.05 (0.16) 41 .57 .10
Total cholesterol 176.40 (5.27) 166.90 (4.96) 160.46 (5.04) 12 01 16
Diabetes self-care 4.66 (0.13) 470 (0.12) 4.78 (0.12) .80 38 52
Exercise 4.73(0.28) 4.90 (0.26) 4.86 (0.27) 59 66 .88
SF-12 physical score 42.99 (0.97) 42.46 (0.95) 41.87 (0.95) 63 27 55
SF-12 mental score 48.38 (1.04) 50.07 (1.01) 49.87 (1.02) 16 17 85
Sheehan Disability Scale 3.21(0.26) 2.61(0.25) 2.59 (0.25) 04 .03 95
Satisfaction with diabetes care 4.01 (0.09) 4.15 (0.09) 4.20 (0.09) 17 .05 58
Satisfaction with carefor emotional problems 3.25 (0.10) 3.64 (0.10) 3.46 (0.10) .01 .07 .06
Satisfaction with care for emotional prob- 3.20 (0.22) 3.58 (0.21) 3.70(0.21) .16 .05 .56

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 model s are adjusted for care team, outcome variable at baseline, two of the three estimated generalized propensity scores,
insulin use, glycated hemoglobin (HBA 1), age, gender, and preferred language. Adjusted odds ratio (AOR) and 95% Cl s reported for binary outcomes.

PHQ-9: 9-item Patient Health Questionnaire

Binary outcome Supported care vs usual care

Technology-facilitated care vs usual care  Technology-facilitated care vs supported

care
AOR (95% ClI) Pvalue  AOR (95% CI) P value AOR (95% ClI) P value
PHQ-9210 0.45 (0.23-0.88) .02 0.33(0.17-0.65) .007 0.75(0.39-1.41) 37
Depression remission 2.86 (0.98-8.40) .06 2.98 (1.08-8.25) 04 1.04 (0.47-2.31) 92
HBA . tested® 1.82 (0.89-3.71) .10 3.40 (1.58-7.31) <.001 1.87 (0.82-4.27) 14

8Adjusted relative risk for HBA 1 tested, supported care vs usual care=1.13 (0.97-1.23), technology-facilitated care vs usual care=1.22 (1.10-1.29),

technol ogy-facilitated care vs supported care=1.12 (0.95-1.21).

Both SC and TC were significantly associated with improved
SDSscoresrelativeto 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 (L SE: 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
patientswith 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

http://www.jmir.org/2018/4/e147/

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
hypothesisthat the two intervention groupswould 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 providersto 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 modd 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 oddsthat the patient would have
an HBA ;. test. One possible explanation for these improvements
in diabetes careisthat as depressive symptomsareincreasingly
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 HBA,. 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 technol ogy.

Compared with the UC group, both the SC and TC modelswere
significantly associated with better improvement in 6-month
patient-reported functioning in family, work, and socid 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.

Whilethe TC model delivered positive results, and most patients
in the TC groups reported high acceptance of the ICT tested in
DCAT [51], thereis significant room for improvement in using
the ATA technology. Specificaly, only half of the scheduled
callswere answered successfully because of phone connectivity
issues or lack of timefor 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
cellphonesare morereadily available, attention should be turned

http://www.jmir.org/2018/4/e147/
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to other ICT (such as SM Stext 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 asLACDHS. Asdiscussed 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 socia worker, an
evidence-based method of improving quality of depression care
[81,82]. The clinical socia 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 rel apse 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 popul ation 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 analysiswe
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 facilitieswere 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 differenceswhen applying
the technol ogy.

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 clinica
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 el sawhere.

Thefourth limitation islack of datato understand the practical
mechani sm by which the SC DM P and the technol ogy-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 carein primary
care settings for patients with chronic diseases [85-92]. A key
strength of the DCAT TC model over earlier studiesis that it

Wuetd

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 | CT, electronic clinical
decision support, and even artificial intelligence to facilitate
chronic disease management is an emerging research topic.
Prior studiesrevealed that ATA isvalid 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 a [95] tested ATA with care
management for pain and depression in patients with cancer;
Ratanawongsa et a [96] and Handley et a [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 diabetesin 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 asa
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 aresource-constrained urban safety-net primary care setting.
Thisisapromising solution to reduce health disparities, improve
patient experience of care, and improve the health of
low-income, minority populations.
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