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Abstract

Background: Asthmais a chronic disease requiring effective self-management to control it and prevent mortality. The use of
theory-informed digital interventions promoting asthma self-management is increasing. However, there is limited knowledge
concerning how and to what extent psychological theory has been applied to the development of digital interventions, or how
using theory impacts outcomes.

Objective: The study aimed to examine the use and application of theory in the development of digital interventions to enhance
asthma self-management and to eval uate the eff ectiveness of theory-based interventionsin improving adherence, self-management,
and clinical outcomes.

Methods: Electronic databases (CENTRAL, MEDLINE, EMBASE, and PsycINFO) were searched systematically using
predetermined terms. Additional studieswereidentified by scanning referenceswithin relevant studies. Two researchers screened
titles and abstracts against predefined inclusion criteria; a third resolved discrepancies. Full-text review was undertaken for
relevant studies. Those meeting inclusion criteriawere assessed for risk of bias using the Cochrane Collaboration tool. Thereview
was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. Study
outcomes were classified as medication adherence, self-management, asthma control, clinical markers of health, quality of life,
other quality of life outcomes, and health care utilization. Effectiveness was cal culated as an average outcome score based on the
study’s reported significance. The Theory Coding Scheme (TCS) was used to establish the extent to which each intervention had
applied theory and which theoretical constructs or behavioral determinants were addressed. Associations between TCS scores
and asthma outcomes were described within a narrative synthesis.

Results: Fourteen studies evaluating 14 different digital interventions were included in this review. The most commonly cited
theorieswere Social Cognitive Theory, Health Belief Model, and Self-Efficacy Theory. A greater use of theory in the devel opment
of interventions was correlated with effective outcomes (r=.657; P=.01): only the 3 studies that met >60% of the different uses
of theory assessed by the TCS were effective on all behavioral and clinical outcomes measured. None of the 11 studies that met
<60% of the TCS criteriawerefully effective; however, 3interventionswere partialy effective (ie, theintervention had asignificant
impact on some, but not all, of the outcomes measured). Most studies lacked detail on the theoretical constructs and how they
were applied to the development and application of the intervention.

Conclusions: These findings suggest that greater use of theory in the development and application of digital self-management
interventionsfor asthmamay increase their effectiveness. The application of theory alone may not be enough to yield a successful
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intervention, and other factors (eg, the context in which the intervention is used) should be considered. A systematic approach
to the use of theory to guide the design, selection, and application of intervention techniques is needed.

(J Med Internet Res 2018;20(12):€293)  doi:10.2196/jmir.9666

KEYWORDS

asthma; adherence; self-management; quality of life; digital interventions; psychological theory

Introduction

Background

Approximately 235 million people worldwide are living with
asthma[1]. First-line treatment for this chronic disease consists
of a combination of quick-reliever inhalers (short-acting
beta-agonists) during exacerbations and daily use of preventer
medication (mainly inhaled corticosteroids, ICS) to control the
disease [2]. Asthma is usually self-managed at home by the
patient or caregivers|3], therefore, its effective control depends
upon the patient’s behavior [4,5].

Efficient self-management involves active commitment to follow
a written asthma action plan, self-monitoring symptoms,
controlling environmental factors and, importantly, adhering to
treatment [5-7]. Adherence to medication isamajor determinant
of treatment successin long-term conditions[8,9]. An adherence
rate to ICS of >80% is needed to reduce asthma exacerbations
[10], successfully control symptoms, and improve lung function
[9,11]. Thislevel of adherence has also been shown to decrease
hospital admissions by 30% [9].

Despite these benefits, adherence rates to asthma treatment
remain low [12] and variable [13]. In general, 30% to 70% of
people on long-term preventer therapy do not maintain the high
levels of adherence necessary for good asthma control.
Suboptimal levels of adherencearefound in adults[11], children
[14,15], and adolescents [14-16].

Effective self-management of asthmais dependent on multiple
factors, including consideration of patients' perceptual and
practical barriers to their disease and treatment [4]. Patients
adopt self-management and adherence behaviors to cope with
their illness, and these are influenced by their perceptions of
their condition [17]. Nonadherence to asthma medication is
influenced by perceptual barriers such as patients’ doubts about
their need for treatment and treatment concerns (eg, fears about
possible short- or long-term effects of treatment [18]) and/or as
a result of practical barriers (eg, forgetting, bad inhaler
technique).

Inadequate adherence to preventer medication can lead to
overuse of relievers and the prescription of higher doses of
medication than the patient needs [9]. Nonadherence has been
associated with uncontrolled asthma, poor clinical outcomes,
increased hospitalizations, decreased quality of life, absenteeism
from work/school, and mortality in adultsand children[8,19-21].
Most patients do not inform their health care professional when
they stop treatment [8,22]; therefore, there may be limited
opportunities to support patients to get the most from their
medicines.

https://www.jmir.org/2018/12/€293/

There is a clear need for effective self-management
interventions, yet, to date, interventions have had varying
degrees of success [23]. Digital support services (mobile and
Web technologies) may increase the accessibility of
interventions, given that most people now use electronic devices
in their daily lives [24] and are willing to self-manage their
disease using mobile technology interventions [25]. Digital
support services can be highly scalable, personalized to increase
medication adherence in targeted patient populations, can be
applied in real time, and have the potentia to provide
consistency and delivery at low cost.

Digital adherence interventions, from electronic monitoring to
short message service (SMS)-based programs, have been
evaluated across long-term conditions with varying degrees of
success [26-28]. However, the literature has been dominated
by small-scale feasibility and exploratory studies and pilot
evaluationsthat lack statistical power [26,29]. For patientswith
asthma, digital support services may provide ahighly accessible
and effective means of monitoring and improving adherence to
treatment and disease control.

Recent systematic reviews have found that digital interventions
can improve adherence to asthma preventer medication and
asthma control when compared with standard treatment
[12,30,31]. Miller et al [12] conducted a recent review and
meta-analysis of mobile health (mHealth) interventionsfor the
self-management of asthma comparing mHealth interventions
with usual care and found a moderate effect on adherence, a
large effect on quality of life, but no significant effect on lung
function. The authors also found mHealth interventions to be
as effective as paper-based monitoring on adherence and clinical
outcomes. However, the findings of individual studies have
been inconsistent. Although telemonitoring (text messaging,
Web systems, etc) was not associated with better control of
asthma symptoms when compared with usua care [32],
internet-based self-management support has been shown to
improve asthma quality of life and asthma control [33].

Guidelines for the development of interventions recommend
the use of atheoretical framework or model of behavior change
[34-37]. Theory can be used in various ways, for example, to
identify modifiable determinants of health behaviors to be
addressed within interventions (eg, illness perceptions), to select
appropriate techniques to address behavioral determinants (eg,
motivational interviewing), or to select people who are most
likely to benefit from the intervention (eg, patients who have
misconceptions about their illness or treatment). Many
theory-based interventions used to explain health behavior have
been based on social cognition theories [37,38]. These include
Social Cognitive Theory (SCT) [39], the Health Belief Model
(HBM) [40], Theory of Reasoned Action (TRA) [41], and
Theory of Planned Behavior (TPB) [42], al of which are based
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on the premise that people are rational decision makers who
can weigh up the advantages and disadvantages of adopting a
behavior.

Several reviews of behavior change interventions have shown
that interventions that explicitly refer to atheoretical approach
to their development are more effective than those that lack a
theoretical base [43-45]. A systematic review of interventions
to improve adherence to asthma medicines showed that the use
of theory was more common among effective than ineffective
interventions [46], and another study reviewed the application
of behavior change theory and clinical guidelines on
internet-based asthma interventions [47]. However, these
reviews only indicated whether theory was cited within the
paper, rather than the extent to which theory was used to guide
the development of the intervention or its effect on clinical
outcomes. A review of digital interventions across long-term
conditions found that more extensive use of theory was
associated with alarger effect on health-related behavior [48].
To date, no systematic reviews of asthma self-management
interventions have assessed how the use of theory impactstheir
effectiveness; therefore, little is known about how and to what
extent theory has been applied, which theoretical models show
promise, or which components of these models are most
effective.

Objectives

This review was designed to address the following questions
about how best to use theory in the development of digital
self-management interventionsfor asthma: (1) are theory-based
digital interventions to enhance asthma self-management
effective at changing behavior and improving clinical outcomes
and quality of life?; (2) which theories have been applied to the
development of digital interventions to enhance asthma
self-management, and which theoretical constructs and
behavioral determinants have been addressed?; (3) how and to
what extent have theoretical models been applied to the
development of digital interventions to enhance asthma
self-management?

Methods

Literature Search

Searches were conducted using CENTRAL (The Cochrane
Library), MEDLINE, EMBASE, and PsycINFO. Predetermined
termswithin titles, abstracts, and keywordswere used to identify
relevant studies. More detailed information about search terms
used is available in Multimedia Appendix 1 Searches were
completed on June 22, 2017. This systematic review was
conducted in accordance with the Preferred Reporting Itemsfor
Systematic Reviews and Meta-Anayses (PRISMA) statement
[49].

Selection of Papers

Titles, abstracts, and keywords from the electronic searches
were screened independently by 2 researchers (HIL, EKW) and
coded as*“include” or “exclude” with both researchers screening
all studies (100% overlap). Discrepancies were resolved by a
third researcher (VC). Full texts of relevant papers were
subjected to further scrutiny, and reference lists within relevant

https://www.jmir.org/2018/12/€293/
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papers were hand-searched for significant titles, which were
screened following the same process above. Final papers were
selected based on the inclusion and exclusion criteria presented
in Textbox 1. The selection process of papers for the review is
summarized in Figure 1.

Quality Assessment

The Cochrane Collaboration tool [50] was used to assess bias
in the studies reporting on randomized controlled trials (RCTS).
The item blinding participants and personnel was excluded
because it would not be possible to blind participantsto the use
of the digital intervention. Each of the remaining 6 items was
rated independently (low/high/unclear) by 2 researchers (HJL,
EKW). Any disagreements were resolved through discussion.

Data Extraction and Synthesis

Study Characteristics

Data were extracted by 2 independent researchers (HL, EKW).
Data extracted on characteristics of the interventions included
country, study design (RCT or pre-post design), inclusion
criteria of participants, sample size, percentage of females, and
mean age (or range). Details can be found in Multimedia
Appendix 2.

Mode of Digital Delivery

Interventions were classified as fully digital or partly digital
(digital and nondigital components). Data were extracted on
the type of digital platform (eg, SMS, smart device app) and
the type of nondigital component (eg, telephone call,
paper-based). Full detailsare availablein Multimedia Appendix
3.

Outcomes

To be able to compare the efficacy of the interventions on
self-management, and as studiesreported on different outcomes,
only outcomes relevant to the study were extracted (EKW,
EMR; eg, knowledge was not included) and classified under
one of these overall themes: adherence to medication,
self-management and asthma control, clinical markers of health,
quality of life, other quality of life outcomes and health care
utilization (Table 1). The intervention was considered to be
effective on a specific outcome if the study reported a
statistically significant (P<.05) improvement in the outcome.
This included a significantly improved outcome in the
intervention group relative to the control group for RCTs or a
significant positive change in the outcome in pre-post studies.
A score based on the study’s reported significance level was
gned to each outcome (2=if reported asasignificant P value,
1=if reported as a marginally significant P value, and O=if
reported as not significant). An average score was applied when
different suboutcomes of the same outcome were reported in
the same study (eg, both symptom days and symptom nights
were reported as clinical markers of health [51]). Finally, an
average score was caculated for each study by adding the
average outcome scores and dividing this result by the total
number of outcomes. Therefore, interventions were deemed to
be fully effective if they were associated with an outcome
average score of 2.0, partially effectiveif they werein therange
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of 1.0 to 1.9, and not effective if the score was in the range of

Textbox 1. Inclusion and exclusion criteria.

0to0 0.9.

Lycett et a

Inclusion criteria
o PaperinEnglish
«  Patientswith asthma

or wearable

Exclusion criteria
«  Conference abstracts
o Paper notin English

« Review or letter

« Notanempirical study

. Intervention was not electronic

o  Full-text paper not available

«  Empirical study (pilot, feasibility, or evaluative study)

. Intervention focused on patient (rather than physician or carer)

« Intervention is delivered to parent(s) of children with asthma

«  Clinician focus (clinician attitude, behavior, or diagnostic tool)

. Digitd intervention (eg, online intervention, smart phone app, electronic monitor, short message service (SMS), interactive voice recognition,

« Intervention designed to enhance adherence or persistence with asthma medication or self-management

«  Explicit mention of the use of theory to design the self-management intervention or to increase engagement with the intervention

« Intervention not designed to enhance self-management or adherence or persistence with asthma medication

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the selection process of studies included

inthereview.

Papers identified through
hand searching reference lists
N=25

Papers identified through
electronic database searches
N=1136

Duplicates removed

Medline (via Ovid), n=307
Embase (via Ovid), n=468
PsycINFO, n=89

Cochrane (Central), n=272

N=430

Papers subjected to abstract review
N=731

Papers excluded based on full-text review
N=130
No full-text available/conference abstract, n=35
Duplicates, n=3
Does not explicitly mention theory, n=84
Does not measure clinical outcomas, n=4
Not an empirical study (subgroup analyses), n=4
Not a digital intervention, n=2
Intervention not focused on patients, n=1

Papers subjected to full-text review
N=147
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Papers included in the review
N=14

Papers excluded based on
inclusion/exclusion criteria
N=584
Article not in English, n=2
Not patients with asthma, n=104
Not an empirical study, n=214
Not a digital intervention, n=206
Intervention not patient focused, n=28
Mot adherence/self-management, n=9
Duplicates, n=18
No abstract available, n=3
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Table 1. Application of theory according to the Theory Coding Scheme (TCS) and effectiveness scores for study outcomes.

Authors, year N Behavior Theory  %theory Adher- Sdf-man- Clinical  Quality  Other Health Out-
changemod-  Coding applied ence agement markers  of life Quality  careuti- comesav-
el/theory Scheme and con-  of health of life lization  erage

(Item trol outcomes score
number)

Bartholomew, 133 SRM2 scTP 13,56 36 N/AC 2 2 N/A N/A 1 167

2000 [54]

Bartlett, 2002 16 SR 1,235 73 2 N/A N/A N/A N/A N/A 2

[62] 6,7,8;,9

Huss, 2003 101 PRECEDE- 1;2;5 27 N/A N/A 0 0 N/A N/A 0

[56] PROCEED
model; Devel-
opmental; So-
cia Support
and learning
theories

Krishna, 2003 228 SRTE 1 9 N/A N/A 133 0 1 0.67 0.78

(58]

Joseph, 2007 315 Transtheoreti- 1; 2; 5; 6; 45 1 N/A 2 0 133 15 117

[57] cal Model; 11
HBM'

Bender, 2010 50 Benefit-Risk  1;2;3;5 36 2 0 N/A 0 N/A N/A 0.68

[55] Model of
Health Behav-
ior

Petrie, 2012 148 Extended 1,2;3,4, 73 2 N/A N/A N/A N/A N/A 2

[60] SRM 5; 6; 7;11

Burns, 2013 51 TPRY 13 18 N/A 1 N/A 2 N/A N/A 15

[63]

Joseph, 2013 422 HBM 1,2;5;6;, 45 N/A 2 1 N/A 0.67 0 0.92

[51] 1

Lau, 2015 330 HBM; SCT; 1;2;5;8; 45 N/A 0 0 N/A 0 0 0

[59] SET™ Trans 11
theoretical
change

Wiecha, 2015 58 SCT 1 9 1 N/A 0 N/A 0.25 0 0.31

[61]

Ahmed, 2016 98 Behavior 1; 2 18 N/A 0 1 N/A 0 0.33

[53] change; SET;

Motivational
Theory

Speck, 2016 44 SCT 1,235 64 N/A 2 2 N/A N/A 2

[64] 6,8, 11

Warren, 2016 12 SRT 1,23 27 N/A 0 2 0 N/A N/A 0.67

[65]

8SRM: Self-Regulatory Model.

bSCT: Social Cognitive Theory.

°N/A: not applicable.

431 T: Social Learning Theory.

®SRT: Self-Regulation Theory.

"HBM: Health Belief Model.

9TPB: Theory of Planned Behavior.

NSET: Self-Efficacy Theory.

https://www.jmir.org/2018/12/€293/ JMed Internet Res 2018 | vol. 20 | iss. 12 |e293 | p.9

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Use of Theory

Data extracted included the theory(ies) reported in the
intervention and the theoretical construct(s) addressed by the
intervention. The Theory Coding Scheme (TCS) [52] was used
to assess the extent to which theory had been applied. This
instrument consists of 19 items, from which items 1 to 11 were
relevant to this review, as items 12 to 19 do not measure the
use of theory in the devel opment of theinterventions[48]. Items
1 to 11 assessed whether theory was mentioned in the paper,
the use of theory to select participants, intervention techniques,
or tailoring of theintervention and whether theoretical constructs
or behaviora determinantswere explicitly linked to intervention
techniques [52]. For each study, a percentage score was
calculated representing the proportion of relevant TCS items
applied to the intervention ([number of TCS items applied
divided by number of relevant TCSitems] x 100).

Data Synthesis

Narrative synthesis was used to describe the impact of the
interventions on the study outcomes and the application of
theory in the development of the interventions. Pearson
correlation coefficients were used to calculate the correlation
between the effectiveness of interventions and the percentage
score for the use of theory.

Results

Characteristics of the I nterventions

From 1136 papers originally identified, 14 met the inclusion
criteria (Figure 1). Multimedia Appendix 2 shows full details
of the studies’ design and population characteristics. Of the 14
studies, 71% (10/14) reported on RCTs [51,53-61]), and 29%
(4/14) were feasibility studies employing a pre-post design
[62-65]. In all, 71% (10/14) of studies were undertaken in the
United States. Studies included children (36%, 5/14)
[54,56,61,62,65]), adolescents (14%, 2/14) [51,57]), adults
(43%, 6/14); [53,55,59,60,63,64]), and mixed samples (7%,
1/14) [58]). Between 35% and 82% of the sampleswerefemale.
Samplesizesranged from 16 to 422 and included atotal of 1856
participants. Multimedia Appendix 3 shows details of the type
of digital platforms, the frequency of the interventions, details
of the nondigital component, if applicable, and control
conditions. None of theincluded studiesincorporated measures
to prevent dropout, with details of adoption and engagement
with theinterventions shown in MultimediaAppendix 2. A tota
of 2 studies involved patients in the development of the
interventions [55,63].

Effectiveness of Theory-Based Digital I nterventions
to Enhance Asthma Self-M anagement

Effect of I nterventions on Behavioral Outcomes

Medication Adherence

Five studies (36%, 5/14) reported on adherence to preventer
medications (Table 1), from which 3 studies measured adherence
using electronic monitoring [55,61,62], and 2 used self-report
[57,60]. This included 4 RCTs [55,57,60,61] and the single
pre-post study [62]. A total of 3 studies reported a significant
positive effect of the intervention on adherence [55,60,62].
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Moreover, 2 studies were considered as having a partial effect,
1 reported controller medication adherence improved
significantly from baseline for the subgroup of subjects with
low (<75%) adherence on the intervention group only but also
reported no significant differences in change between the
intervention group and control group (P=.10) [61]; the other
study [57] described their result as only marginally significant
(P=.09; see Table 1).

Self-Management and Control

A total of 8 studies (57%; 8/14) measured self-management and
control outcomes (Multimedia Appendix 4). Each of the 8
studies (5 RCTs and 3 pre-post studies) that measured
self-management behavior and control [51,53-55,59,63-65] used
adifferent measure. Interms of self-management, theseincluded
the Partners in Health Scale [63], a validated measure of
self-management behaviors [54] and the Asthma Belief survey
[65]. Asthma control was measured by the Asthma Control
Questionnaire (ACQ) [59], the Asthma Control Test (ACT)
[53,55,64], potential overuse of rescue fast-acting
bronchodilators [53], indicators of uncontrolled asthma [51],
and the Royal College of Physicians 3-questions screening tool
[63]. In addition, 3 studies reported a significant positive effect
of theintervention on self-management behavior [54], 2 studies
reported asignificant positive effect on asthmacontrol [51,64],
and 1 study [63] reported the intervention had a significant
positive outcome on asthmacontrol but not on self-management
(Table 1). Only 1 [64] of the 2 pre-post studies showing a
significant effect of theintervention on asthmacontrol reported
that the improvement of over 3 points on the ACT at 3 months
was greater than the minimally important difference.

Effect of the I nterventions on Clinical Outcomes

Clinical Markersof Health

A total of 8 studies (57%, 8/14: 7 RCTsand 1 pre-post study)
reported on clinical markers of health (Multimedia Appendix
4). Measures included asthma symptoms, symptom days or
symptom nights [51,54,57,58], forced expiratory volume [56],
functional status measure [54], severe asthma exacerbation [58],
worsening of asthma needing treatment changes [58], reported
days of wheezing [61], peak expiratory flow rate [65], days of
reliever use, and average daily dose of ICS [58]. Moreover, 3
studies reported a significant effect of the intervention on all of
their clinical markers measured [54,57,65] (Table 1).

Quiality of Life

A total of 8 studies (57%, 8/14: 5 RCTsand 3 pre-post studies)
reported on quality of life [53,55-58,63-65] (Multimedia
Appendix 4). Validated measures included the Asthma Quality
of Life Questionnaire (AQLQ) [55,64], the Paediatric Asthma
Quiality of Life Questionnaire [56,58,65], and the mini AQLQ
[53]. Two studies developed a quality of life measure specific
to their study [57,63]. In addition, 2 studies [63,64] reported a
significant positive effect of the intervention on quality of life
(Table 1). One study [53] reported a significant improvement
from baseline to 3 months, but this effect was not significant at
6- and 9-month follow-ups.
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Other Quality of Life Outcomes

A total of 5 studies (36%; 5/14) reported on factorsinfluencing
quality of life [51,57-59,61] (Multimedia Appendix 4). These
included nights of sleep disturbance or patient awakening
[58,61], days of activity limitation/restricted activity
[51,57,58,61], number of school days missed [51,57,58,61],
number of work days missed [59], days of changed plans
[51,57], and number of daysthe patient had to slow down [61].
Two studies were partly effective in improving these outcomes
[57,58] (Table 1). For example, although in 1 study [58], days
of activity limitation and number of school days missed
significantly decreased in the intervention group only (P<.01),
there were no significant differences between the control and
intervention groups.

Health Care Utilization

A total of 7 studies (50%, 7/14, all being RCTs) reported on
health care utilization [51,53,54,57-59,61] (Multimedia
Appendix 4). All measured the number of emergency department
visits or hospitalizations over agiven time. A total of 3 studies
also reported the total number of urgent visits to a health care
professional, general practitioner, or physician [58,59,61]. In
all, 2 studies reported a significant decrease in hospitalizations
following the intervention but no significant differences in
emergency room visits [54,57]. One study found a significant
decrease in emergency department annua visits in the
intervention group but not for the number of hospitalizations
or urgent visits to physicians [58]. A total of 4 studies did not
find any significant effect of the intervention on heath care
utilization outcomes (Table 1).

Theories That Have Been Applied to I ntervention
Development

Details of the theoretical basis of the intervention are shown in
Table 1. Theories included Social Cognitive Theory
[54,59,61,64], Health Belief Model [51,57,59], Theory of
Planned Behavior [63]; Socia Learning Theory [62], the
Transtheoretical Modd [57], the PRECEDE-PROCEED model
[56], developmental and social support and learning theories
[56], Behavior Changetheory and Motivational theory [53], the
Benefit-Risk Model of Health Behavior [55], and Self-Efficacy
Theory [53,59]. A total of 5 of the interventions referenced the
Self-Regulatory Model, Common Sense Model of
Self-Regulation, Extended Common Sense Model of
Self-Regulation, Iliness Perceptions, or Necessity Concerns
Framework in the development of the intervention
[54,55,58,60,65].

Theoretical Constructs That Have Been Addressed

Theoretical constructs/behavioral determinants specified within
the models and addressed in the interventions included illness
perceptions, which specifically explored identity, consequences,
timeline, personal control, treatment control, concern,
understanding, and emotional responseto theillness[60]; beliefs
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about medicineswere addressed in 3 interventions by targeting
patients beliefs about the necessity of their medication and
their concerns about taking their medication [53,55,60]. General
control beliefs [54,64] and self-efficacy beliefs looked at how
confident patientsfelt in areas such as self-management, which
is taking medicines as prescribed, and self-awareness, which
includes recognizing and acting on the symptoms[53,59,62,65].

The Extent Theoretical Models Have Been Applied

Responses to the TCS are shown in Table 1, and the frequency
each item was reported in the studiesisillustrated in Figure 2.
Inlinewiththe study inclusion criteria, all studies (100%, 14/14)
mentioned theory (item 1), and 10 studies (71%, 10/14)
[51,53,55-57,59-62,64] mentioned a target construct as a
predictor of behavior (item 2). Theory was explicitly used to
select or develop intervention techniques (item 5) in 9 studies
(64%, 9/14) [51,54-57,59,60,62,64]. A total of 7 studies (50%,
7/14) [54,55,60,62-65] referred to the application of a single
theory rather than a combination of different theories (Item 3).
A total of 6 studies (43%, 6/14) [51,54,57,60,62,64] used theory
or predictors to tailor intervention techniques to participants
(item 6). A tota of 3 studies (21%, 3/14) [59,62,64] linked at
least 1 intervention technique to a theory-relevant construct/
predictor (item 8), 2 studies (14%, 2/14) [60,62] linked all
intervention techniques to at least 1 theory-relevant predictor
(item 7), and 1 study [62] (7%, 1/14) linked a group of
techniques to a group of clusterg/predictors (item 9). Only 1
study (7%, 1/14) [60] screened or selected participants based
on a particular score or level on a theory-relevant construct or
predictor (item 4). No studieslinked every theoretical construct
within a stated theory to an intervention technique (item 10);
however, 5 studies (36%, 5/14) [51,57,59,60,64] linked at | east
1 theoretical construct to at least 1 intervention technique (item
11).

The use of theory as assessed by the TCS ranged from 9% to
73%. Three studies applied >60% of the different uses of theory
based on the items of the TCS (6 items) [60,62,64] (Table 1).
All 3 of these studies (100%) showed a significant positive
effect of theintervention onall behavioral and clinical outcomes
measured (average score 2.0; Table 1). Comparably, from the
11 studiesthat incorporated <60% of theory, no study wasfully
effective, but 3 interventions were partially effective (average
scorerange 1.0-1.9) [54,57,63]. All other studiesyielded average
scores of <1.0. There was a significant correlation between the
percentage of theory applied to the interventions and the
effectiveness of the intervention (outcomes average score)
(r=.657; P=.01). To assess whether sample size had an influence
on theresults, correlations were recal culated excluding Bartlett
et a [62], with a small sample size of n=16. Results showed
correlations were till highly significant, indicating theory and
effectiveness were not biased by sample size (r=.581; P=.04).
None of the studies reported using theory to promote
engagement with the intervention.
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Figure 2. Frequency items from the Theory Coding Scheme used in the studies.

1. Theory/model of behavior mentioned |
2. Targeted construct mentioned as predictor of behavior I
3. Intervention based on single theory  INEEEEGEG—_————————

4. Theory used to select recipients for the intervention [l

5. Theory used to select/develop intervention techniques

6. Theory used to tailor intervention techniques to recipients  IEEEGEG_G_G__—_—————_

7. All intervention techniques explicitly linked to 21 theory predictor I

8. 21, but not all, intervention techniques explicitly linked to =1 theory predictor I

9. Group of techniques linked to a group of predictors 1l

10. All theoretical constructs explicitly linked to =1 intervention technique

11. 21, but not all, theoretical constructs linked to 21 intervention technique

Figure 3. Risk of bias across interventions.
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Risk of Bias Assessment

Risk of bias assessment was performed on the 10 RCTsincluded
in the review. The results are shown in Figure 3, and complete
details are provided in Multimedia Appendix 5. A total of 6
studiesreported using appropriate random sequence generation
methods; of these all used computer-generated random allocation
[51,53,55-57,60]. Four studies did not specify the method of
randomization [54,58,59,61]. Only 1 study reported conceal ment
of alocation [60], while this was unclear for the remaining 9
studies. None of the studies specified whether there had been
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blinding of the outcome assessment. Three studies were
considered to have high risk of incomplete outcome data
[53,56,59] dueto high rates of attrition, whereas the remainder
were considered to have low risk. A total of 9 studies were
assessed as having low-risk of selective reporting, while this
was unclear in 1 study [58] as measures had not been stated at
the outset.
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Discussion

Summary of Findings

This review identified 14 studies that evaluated theory-based
digita interventions in RCTs or pre-post studies. A range of
different theories had been used in the development of these
interventions, most frequently Social Cognitive Theory, the
Hedlth Belief Model, and the Common-Sense Model of
Self-Regulation [51,54,55,57-61,64,65]. The findings indicate
that the use of psychological theory can enhance the
effectiveness of digital interventions, as interventions that
incorporated a more extensive use of theory were more likely
to achieve successful outcomes. These findings are consistent
with those of previous systematic reviews showing that digital
self-management interventions can be effective at improving
clinica outcomes in asthma [12,30,66] and suggest that
theory-based interventions may be more effective than
interventions that have not used theory in their development
[46]. A previous meta-anaytic review of internet- based
interventions also found that extensive use of theory was
associated with larger effect sizes on health behavior change
[48].

To our knowledge, thisisthefirst systematic review to examine
the extent to which theory has been applied to the devel opment
of digital self-management interventionsfor asthma. We found
substantial differences between studies in terms of their use of
theory. Although most of the studies that mentioned theory
referred to the use of theory in the development of their
interventions, fewer studies explicitly reported the use of theory
to select recipients for the intervention or indicated how they
had linked intervention techniques, relevant constructs or
predictors. Our findings suggest that interventions that
incorporated these itemsin their development were more likely
to be effective; however, only asmall number of studies utilized
these constructs. Further research is, therefore, required to
ascertain how the application of theory in the development of
interventions impacts their effectiveness.

Other factors, such as the delivery channel (eg, via different
digital platforms), the context in which the intervention is
delivered (eg, viahospital or routine assessments), and thetype
of user (eg, children vs adults) may also influence outcomes.
Thefact that interventionsthat applied theory to asimilar extent
could have varying degrees of effectivenessimpliesthat the use
of theory is necessary, but not sufficient, for a successful
intervention.

Strengthsand Limitations

The strengths of this review include the systematic approach,
inclusion of arange of interventionsfocusing on many different
self-management behaviors, and the use of areliableinstrument
to determine the extent to which theory had been used to inform
the design of the interventions. The heterogeneity in outcomes
measured precluded the use of meta-analysis, therefore, wewere
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not able to determinethe size of the effect. Although the findings
indicate an increasing number of researchersare utilizing theory
in the development of digital interventions for asthma, there
wereinsufficient numbers of studiesreferencing each theoretical
model to determine whether any one theory showed promise
over another.

Limitations of the individual studies included a lack of
information describing the interventions. Often it was not
possible to determine which behavioral determinants had been
targeted or how they had been addressed by the intervention.
This could be improved in future studies through the use of a
framework such as the Template for Intervention Description
and Replication checklist [67] to describe theintervention. This
would not only aid replication but also allow a more reliable
and thorough assessment of the process by which digital
self-management interventions exert their effect. In addition,
there was a lack of information on methods of randomization
and concealment in many of the studies, meaning that the risk
of biaswas often unclear. Eysenbach [58] stated thereisaneed
to address the “law of attrition,” which relates to the dropout
and nonengagement in electronic health users. A high dropout
rate was observed in the interventions included within this
review [53,59,60]. However, none of the included studies
incorporated measuresto engage participantsin theintervention
and prevent dropout, and none of the studies mentioned they
used theory to increase engagement with the interventions. The
short duration of some studies means that individual studies
may have been underpowered or overpowered for individual
outcomes. Further research is needed to explore how theory
could specifically target engagement behavior to achieve
effective engagement.

Implications of Our Findingsfor Clinical Care and
Future Research

Our findings suggest that theory-based digital interventions to
enhance asthma sel f-management can be effective at improving
adherence and self-management and that more extensive use of
theory in the development and application of digital
interventions for asthma self-management may enhance their
effectiveness. However, although a number of theories have
been applied to the devel opment of asthmadigital interventions,
it is not clear whether any particular theory is more effective.
Furthermore, most studies lack details on the theoretical
constructs used and behavioral determinants addressed by the
intervention, and whether or how these have been applied to
the design or application of the intervention. The systematic
recording and reporting on the use of theory in the devel opment
of futureinterventionsis, therefore, important. It isnot sufficient
to merely state theory has been used; there should be specific
reference to exactly how it has informed the design of the
intervention. The TCS can be used to inform the design of an
intervention, ensuring that the theoretical basis of anintervention
isadequately and clearly described so that the use of theory can
be evaluated.
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Abstract

Background: Electronic health (eHealth) tools are becoming increasingly popular for helping patients' self-manage chronic
conditions. Little research, however, has examined the effect of patients using eHealth tools to self-report their medication
management and use. Similarly, thereislittle evidence showing how eHeal th tools might prompt patients and health care providers
to make appropriate changes to medication use.

Objective: The objective of this systematic review wasto determine theimpact of patients’ use of eHealth tools on self-reporting
adverse effects and symptoms that promote changes to medication use. Related secondary outcomes were also eval uated.

Methods: MEDLINE, EMBASE, and CINAHL were searched from January 1, 2000, to April 25, 2018. Reference lists of
relevant systematic reviews and included articles from the literature search were also screened to identify relevant studies. Title,
abstract, and full-text review aswell as data extraction and risk of bias assessment were performed independently by 2 reviewers.
Due to high heterogeneity, results were not meta-analyzed and instead presented as a narrative synthesis.

Results: A total of 14 studies, including 13 randomized controlled trials (RCTs) and 1 open-label intervention, were included,
from which 11 unique eHealth tools were identified. In addition, 14 RCTs found statistically significant increases in positive
medication changes as aresult of using eHealth tools, as did the single open-label study. Moreover, 8 RCTs found improvement
in patient symptoms following eHealth tool use, especially in adolescent asthma patients. Furthermore, 3 RCTs showed that
eHealth tools might improve patient self-efficacy and self-management of chronic disease. Little or no evidence was found to
support the effectiveness of eHealth toolsat improving medication recommendations and reconciliation by clinicians, medication-use
behavior, health service utilization, adverse effects, quality of life, or patient satisfaction. eHealth tools with multifaceted
functionalities and those alowing direct patient-provider communication may be more effective at improving patient
self-management and self-efficacy.

Conclusions: Evidence suggests that the use of eHealth tools may improve patient symptoms and lead to medication changes.
Patients generally found eHealth tools useful in improving communication with health care providers. Moreover, hedth-related
outcomes among frequent eHealth tool users improved in comparison with individuals who did not use eHealth tools frequently.
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Implementation issues such as poor patient engagement and poor clinician workflow integration wereidentified. More high-quality
research is needed to explore how eHealth tools can be used to effectively manage use of medications to improve medication

management and patient outcomes.

(J Med Internet Res 2018;20(12):€294) doi:10.2196/jmir.9284
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eHealth; mHealth; electronic health record; telemedicine; self-report; patient portals; patient-centered care; drug monitoring;

adverse effects

Introduction

Rationale

Use of the internet has increased considerably since the early
1990s. The World Bank reportsthat almost 44% of peopleacross
the globe used the internet in 2015, compared with 0.25% in
1993 [1]. This number is expected to increase to over 50% by
2019 [2]. Nearly two-thirds of internet users are estimated to
access health information on the Web [3]. With such demand
for accessible health information, electronic health (eHealth)
has become a popular way to provide patients with health
information, recommendationsto self-managetheir health, and
accessto their health records and data [3,4]. eHealth is defined
as “an overarching term used today to describe the application
of information and communications technologies in the health
sector. It encompasses a whole range of purposes from purely
administrative through to health care delivery” [5]. eHedlth
tools, therefore, are technologies that may include electronic
medical records (EMRS), personal health records (PHRS), mobile
apps, patient portals, information repositories, and many other
internet-based programs or software used to help patients
monitor and manage their heath. eHealth tools may help
decrease fragmentation of care by compiling patient health
information from multiple providers into 1 easily accessible
location [6], while aso streamlining patient-provider
communication and promoting shared decision making [3,4].

Well-functioning eHealth tools can help patients better
understand their health [7] and may lead to improvements in

https://www.jmir.org/2018/12/e294/

patient-physician rel ationships[8]. eHealth tool s can encourage
patients to play a larger role in shared decision making and
might increase focus on self-management and preventative care
[8,9]. As technology advances, the use of eHealth tools can
provide alevel of convenience for both patients and providers
[10]. These tools can generally be accessed from any
internet-capable device and often provide a method of
asynchronous communication such as emails and short message
service (SMS) text messaging. These methods allow patients
and providersto ask and answer questions at their convenience,
creating less of aburden on physician workflow [8].

The ability of patients to use eHealth tools to better manage
medication by reporting feedback on symptoms and use of
medications directly to health care providers has not been
comprehensively explored in the literature. Similarly, there is
little evidence showing how eHealth tools might provide
prompts to patients and health care providers to make
appropriate changes to medication use based on this feedback.
A synthesisof thisliteraturewill provide greater understanding
of what eHesalth tool design features may be helpful in patient
reporting of medication-related experiences and outcomes.

Objective

The objective of this systematic review was to determine the
impact of patients’ use of eHealth toolson self-reporting adverse
effects and symptoms that promote changes to medication use.
The PICO model was used to focus the objective of the review,
asseeninFigure 1.
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Figure 1. Use of the PICO model in this systematic review. eHealth: electronic health.

Population

= Community-dwelling individuals of any age who were not currently hospital inpatients

using an eHealth tool

Intervention or Exposure

= An eHealth tool in which patients (or caregivers) can directly enter or edit health data
related to medication monitoring, including symptoms and adverse effects

I

Comparison

= Control groups primarily included usual patient care
« Other control groups were provided education and access to resources, not equivalent

to the eHealth intervention

Outcome

« Primary outcome:

* The number of changes made to medication regimens following patient self-reporting

via an eHealth tool
= Secondary outcomes:

= Changes in patient self-management and self-efficacy

» Changes in medication use behavior (adherence)

+ Changes in medication reconciliation and recommendations made to change drug
therapy (as defined in Multimedia Appendix 2)

= Identification of adverse drug events and adverse effects

= Change in clinical signs and symptoms
= Health service utilization

+ Changes in patient health-related quality of life (HRQoL)
= Patient satisfaction with eHealth tools and health care
= Barriers and facilitators to implemenation of eHealth tool

Methods

Study Design and Study Selection

This systematic review was performed following steps outlined
by Cochrane's Effective Practice and Organization of Care
group and reported based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement [11]. A total
of 3 biomedical and health science databases were searched:
MEDLINE/Ovid, EMBASE/Ovid, and CINAHL. References
of al included articleswere a so searched. All 3 databaseswere
searched from January 1, 2000, to April 25, 2018. The search
was limited to articles published in English using terms
representing eHealth (eg, Web-based applications), symptoms
and adverse drug reaction reporting (eg, drug-related adverse
effects and adverse reactions), and patient self-monitoring (eg,
self-management; see Multimedia Appendix 1 for full search
strategy and Multimedia Appendix 2 [12-17] for definitionsfor
terminology used). The search date began from 2000, which
generaly marks the start of scientific reporting of eHealth
interventions that would have relevance to the current use of
eHealthtools. Asaresult of the aforementioned search strategy,
studies were included in this review if they determined the

https://www.jmir.org/2018/12/e294/
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effectiveness and impact of changes to medication regimens as
aresult of using eHealth tools. Assuch, thisreview investigated
these effects using a comparative quantitative methodol ogical
approach.

Criteriafor Inclusion of Studies

For the purposes of this review, an eHealth tool was considered
to be any internet-based intervention, including mobile health
apps, used by patients for clinical purposes that focused on
improving patient health and clinical outcomes. Theterm PHR
refersto an eHealth tool wherein apatient has accessto and can
enter or edit their own health data. The population investigated
was community-dwelling individuals of any agein an outpatient
Setting.

For a study to be included, the eHealth tool must have allowed
patients (or caregivers) to enter information directly (asopposed
toinformation being entered by ahealth care provider); included
self-reporting functionalities focusing on medication monitoring,
contain a medication monitoring or use component, or
specifically incorporating the option for the patient or caregiver
to enter symptoms including adverse effects; and needed to
focus specifically on medication use, clinical outcomes, or

JMed Internet Res 2018 | vol. 20 | iss. 12 |e294 | p.21
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

symptom reporting following use of the eHealth tool. Any
eHealth tools involving changes in medication reconciliation
and recommendations made to changes in drug therapy were
also included.

Exclusion criteriawere conference abstracts; qualitative studies,
articleswithout a comparator group; articlesthat did not report
on at least one medication-related outcome; articles where
self-management strategies focused on lifestyle modification,
behaviora interventions, or nondrug interventions; articles
focused solely on the validation of an eHedlth tool; articles
focused on methodological or technical aspects of eHealth
interventions; articles containing nonempirical information;
articles that synthesized information about multiple eHealth
toolsin an article (ie, review articles); and eHealth tools used
by regulatory agenciesto report adverse drug events (ADES).

Article Selection

All potentially relevant articles were uploaded into DistillerSR
software, which was used throughout the selection process.
Potentially relevant articles underwent title, abstract, and
full-text review. Articles that met inclusion criteria proceeded
to data abstraction and risk of bias assessment. Articles not
meeting inclusion criteriawere excluded at both levels. Figure
2 represents the flow of articles through the selection process.

Title and abstract review were performed independently by 2
reviewersfrom apool of 5 reviewers. Of these, 1 reviewer went
through the reference lists of al the articles included in this
study. Another reviewer went through reference lists of relevant
systematic reviews identified during the literature search.
Potentially relevant articleswere identified. These articleswent
through abstract review by 2 reviewers. Studies found not to fit
inclusion criteria after abstract review were excluded. Full-text
review was performed independently by 5 reviewers. The kappa

Lancaster et al

scoreswere cal cul ated to determine agreement among reviewers
who conducted review of titles and abstracts. All kappa scores
calculated were greater than .93. Conflicts were resolved by
consensus.

Data Extraction and Risk of Bias Assessment

Data extraction and risk of bias assessment were performed for
each study independently by 2 reviewers. Data extracted
included study design and setting, participant demographics,
number of participantsin each group, intervention components,
comparator group components, eHealth tool functionality
measured, and results and significance levelsfor each outcome
measure. Conflicts in data extraction were resolved by
consensus. Risk of bias assessment used questionsrecommended
by the Agency for Healthcare Research and Quality’s 2014
publication Methods Guide for Effectiveness and Comparative
Effectiveness Reviews [18] and was performed for each study
independently by 2 reviewers. All conflicts were resolved by
consensus. Therisk of bias assessment questions are presented
in Multimedia Appendix 3.

Outcomes and Analysis

The primary and secondary outcomesarelisted in Figure 1. The
primary outcome was the number of changes madeto medication
regimens following patient self-reporting via an eHealth tool.
Theincluded studiesvaried considerably in populations, eHealth
tool functionality, outcomes measured, and study design. Due
to high heterogeneity, meta-analysis of outcomes was not
feasible. Therefore, results for each outcome were synthesized
descriptively and presented as narrative. Available data on
barriers to implementation were extracted from the article text
and summarized qualitatively so as to heighten awareness of
implementation issues.

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses style study inclusion flowchart. eHealth: electronic health.

Records identified through database
searching (n=3476)

Additional records identified through
reference searching (n=39)

Duplicates removed (n=10286)

(n=2483)

Records after duplicates removed

Records excluded (n=2414)

Records screened
(n=2489)

Full-text articles excluded (n=61):
Non-eHealth tool {n=2)

Mon-empirical (n=8)

Qualitative (n=2)

(n=75)

Full-text articles assessed for eligibility

Conference abstract (n=10)
Mo self-reporting functionalities (n=7)
Hospital/nen-outpatient care setting (n=3)

Lack of comparator group (n=6)

Mo medication-related outcomes (n=13)

(n=14)

Studies included in narrative synthesis

Mo focus on medication use (n=2)
Focused solely on validation of a tool (n=5)
Technical/methodological aspects of the
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A Priori Subgroup and Sensitivity Analyses

Subgroup analyses were performed to investigate differences
in treatment effect present because of (1) age of participants,
(2) patients with specific conditions targeted by intervention,
and (3) different features and functionalities of the included
eHedlth tools.

Results

Included Studies

A total of 3515 articles were generated from database and
reference searching, resulting in 2489 potential articles that
were screened based on their titles and abstracts, after duplicates
were removed. Furthermore, 75 full-text articles were assessed

Table 1. Characteristics of included studies.

Lancaster et al

for eligibility, of which 14 were included in this systematic
review (see Figure 2 for more details).

Of the included articles, 13 were randomized controlled trials
(RCTs) [19-31] and 1 was an open-label intervention [32]. A
total of 10 studieswere conducted in the United States [20-29],
and 1 study was conducted in each of South Korea[19], Canada
[30], Finland [31], and Denmark [32]. Dates of publication
ranged from 2006 to 2017. The majority were published in 2007
or later (n=13). This distribution mirrors the increase in both
internet and eHealth tool usage beginning in the late 2000s
[1,33]. Further details on the characteristics of these studies can
be seen in Table 1. Details regarding the design and outcomes
of included studies are presented in Multimedia Appendix 4.

First author (year) Country Study design  Sample size Patient age group study population

Cho (2006) [19] SouthKorea  RcT@ 80 Adults; adults (aged >30 years) with type |1 diabetes

Chrischilles (2014) [20] United States RCT 1075 Elderly (aged >65 years); patients using a computer in the
past month to visit websites or to send or receive email

Fiks (2015) [21] United States RCT 60 Children (aged 6 to 12 years) and parents

Grant (2008) [22] United States  Cluster RCT 11 sites; 244 patients Adults; adults with type |1 diabetes, Alc =7% or =1 dia-
betesmedication, with 21 primary carevisitinthelast year
and enrolled in Patient Gateway

Gustafson (2012) [23] United States RCT 305 Children (aged 4 to 12 years); patients with poorly con-
trolled asthma and parents

Joseph (2007) [24] United States RCT 314 Children and young adults (ninth to eleventh grade); stu-
dents with an asthma diagnosis or meeting asthma criteria

Joseph (2013) [25] United States RCT 422 Children and young adults (ninth to eleventh grade); stu-
dents meeting asthma criteria or with an asthma diagnosis

Schnipper (2012) [26] United States  Cluster RCT 11 sites; 541 patients Adults; adults with 21 primary care visit and enrolled in
Patient Gateway

Simon (2011) [27] United States RCT 208 Adults (aged >18 years); depressive disorder diagnosis
with new antidepressant treatment

Weingart (2013) [28] United States RCT 738 Adults (aged 18to 87 years); patientsenrolled in PatientSite
and received at |least one new medication

Mooney (2017) [29] United States RCT 6 sites; 358 participants Adults, seniors; English-spesking adultswith alife expectan-
cy of 23 months, beginning chemotherapy consisting of at
least three cycles with daily access to atelephone

Ahmed (2016) [30] Canada RCT 2 sites; 100 participants Adults (aged 18 to 69 years); French- or English-spesking
adults diagnosed with asthma, prescribed at | east one rescue
medication, have poor asthma control, access to internet,
and smoking <20 pack-years

Karhula (2015) [31] Finland RCT 517 participants (267 heart ~ Adults, seniors; ability to complete questionnairesin

disease and 250 diabetes) Finnish, usethe RPM system/devices, adequate cognition,

able to walk; type 2 diabetes (diagnosed at least 3 months
earlier) with hemoglobin Alc >6.5% within 1 year before
screening; heart disease group (ischemic heart disease or
heart failure)

Carlsen (2017) [32] Denmark Open-label  Onesite; 50 participants (29  Children, adolescents; aged 10 to 17 years with ulcerative

electronic health tools, 21

control)

colitis or Crohn disease on maintenance infliximab treat-
ment at the Department of Pediatrics, Hvidovre Hospital

3RCT: randomized controlled trial.
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Of the 13 RCTs included in this review, 2 studies were cluster
RCTs[22,26]. Theremaining 11 RCTs used participants asthe
unit of randomization [19-21,23-25,27-31].

A total of 4 RCTsfocused on pediatric and adolescent asthma
patients [21,23-25]; 1 study focused on adult asthma patients
[30]. Moreover, 1 trial included only elderly patients (aged 65
years and older) and focused on medication self-management
and safety [20]. The remaining 7 trials al included both adult
and elderly participants. From these studies, 1 focused on
patientswith depression [27]; 3 on patientswith type 2 diabetes
[19,22,31]; 2 on medication safety and use, including
identification of ADEs [26,28] using eHealth tools; and 1 on
identifying adverse effectsin patients receiving chemotherapy
[29].

In 3 studies, use of an eHealth tool in the intervention group
was compared with usua care plus links to relevant websites
[24,25,28]. Simon et a [27] compared their Web-based
messaging eHealth tool for depression and Web-based
messaging system to usual care with Web-based messaging
between patients and health care providers. Gustafson et al [23]
used nearly identical interventions in both groups; the control
group was restricted from accessing the eHealth tool but
participated in other aspects of the intervention (clinical visits,
interviews, patient education, etc). Fiks et a [21] also used a
usual care group with no accessto the intervention Web portal;
however, all health care providers had accessto acomputerized
decision support system. Moreover, 2 studies [22,26] utilized
a double-dummy style intervention, where both groups used
Web-based PHRs to record information that differed only in
content. Cho et al [19] compared an electronic blood glucose
(BG) monitoring system with an informa paper-based
monitoring system, with both groups receiving diabetes
education and regular clinical visits. Chrischilles et al [20]
utilized aconventional usual care group without supplementary
infformation or resources. Mooney et a [29] used a
self-monitoring tool to manage chemotherapy symptoms. Ahmed
et al [30] developed an asthma portal to view patient’s personal
health information, monitor patients, and provide feedback on
self-management  strategies. Karhula et a [31] used a
management system for patient self-monitoring of diabetes.
Only 1 study wasidentified asan open-label intervention study,
whichincluded acomparator group [32]. Carlsen et a [32] used
an eHealth tool to monitor responses of patients with
inflammatory bowel disease to determine the need to adjust
treatment interval or dose.

Quiality of Included Studies

Figure 3 displaysasummary of therisk of bias assessment. The
studies, overall, were of moderate quality, with studies ranging
from poor to good. Common issues included small numbers of
participants, lack of blinding, poor description of interventions,
and contamination of intervention. Many trias relied only on
patient self-reported data (as would be expected based on the
topic), which can introduce bias if methods to ensure validity
and reliability are not demonstrated.

https://www.jmir.org/2018/12/e294/
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Types of Electronic Health Tools

From the 14 included studies, 11 unique eHealth tools were
described. The2 RCTshby Joseph et al [24,25] utilized the same
asthmamanagement eHealth tool. The cluster RCT by Schnipper
et a [26] used a Web-based PHR to record information that
differed only in content, which was nested within the larger
RCT by Grant et al [22]. Two studies by Fiks and Ahmed used
aWeb-based portal for asthma symptom management [21,30].
Each study and eHealth tool is described in Multimedia
Appendix 4. Features and functionalities of the eHealth tools
are aso presented in Table 2. Although Schnipper [26] and
Grant [22] use the same eHealth tool, Schnipper’s study [26]
investigates a specific medication module. Thus, they have been
counted separately here.

All 11 eHealth tools from all 14 studies included a component
where patients could self-report medication management
information or changes, including symptoms, health data,
adverse effects, or ADEs. A total of 12 studies included
Web-based patient questionnaires or surveys [20,21,23-32].
Many studies used validated patient questionnaires but several
developed their own. A list of patient questionnaires utilized
by each study is presented in Table 3. In addition, 10 eHealth
toolsincluded patient educational resources[20,21,23-26,28-31].
Details of these resources are aso listed in Table 3. Cho et a
[19] measured outcomes by having a patient record their BG
readings in the eHealth tool. Patients were also interviewed in
person by clinicians every 3 months. Schnipper et a [26] had
participants complete medication electronic journals, where
they would note discrepanci es between aWeb-based medication
list and their actual medications as taken. Karhula et a [31]
used a 36-question survey for patients to report their
health-related quality of life (HRQoL) score at baseline and
post intervention.

Outcomes of Included Studies

Theresults of each study by outcome can be seenin Multimedia
Appendix 5.

Primary Outcome: Changesin Use of Medications and
Other Therapies

A total of 6 RCTs[19-22,24,27] and 1 open-label intervention
[32] measured thisoutcome. Moreover, 5RCTs[20,22,24,27,32]
found significant increases in medication changes as aresult of
using eHealth tools. All medication change outcomes reported
were consistent with more appropriate prescribing and use of
medications.

Chrischilles et a [20] found a significant reduction in use of
more than 2 nonsteroidal anti-inflammatory drugs in the
intervention group (14.1% vs 19%, P=.035). A nonsignificant
trend approaching significance was seen for decreased number
of over-the-counter medications used in the eHealth tool group
(P=.05) [20]. Grant et a [22] found asignificant increasein the
number of diabetes mellitus—related medication changesin the
intervention group (43.5 vs 6.2, P<.001). They also found that
asignificantly higher proportion of patientsin the intervention
group had medications initiated or dosages changed for
hypertension (13% vs 0%, P=.02) and hyperlipidemia (11% vs
0%, P=.03).
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Figure 3. Summary chart of risk of bias assessment for included studies. Risk of bias summary: Green "+" symbols indicate alow risk of bias, yellow

"?' symbols indicate an unknown risk of bias, and red "-" symbols indicate a high risk of bias.
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Table 2. Features and functionalities of electronic health tools.
Topic; study au- Linkedto  Functionas Clinicians Messaging  Web-based  Web-based Web-based  Peatient Patient edu-

thor, year electronic  persona can view between pa-  surveysor drug list accesstolab promptsor cationa re-
medical healthrecord self-reported tient and question- results reminders  sources
record information  clinician naires

Focus on medication safety and usage

Chrischilles, p b O O O O O O O
2014 [20]
Schnipper, g g O O g ad ad ad g
2012 [26]
Weingart, O O O O O * O O O
2013[28]

Focus on pediatric and adolescent asthma patients
Fiks, 2015 0 0 O 0 0 a 0 a 0
[21]
Gustafson, g | O 0 0 a 0 a 0
2012[23]
Joseph, 2007 0O 0 O 0 0 a 0 a 0
and 2013
[24,25]

Focus on adult asthma patients
Ahmed, 2016 0O 0 O 0 0 a 0 a 0
[30]

Focus on cancer patients
Mooney, 2017 O O O O O O O O O
[29]

Focus on diabetic patients
Cho, 2006 ? | O 0 0 a 0 a 0
[19]
Grant, 2008 g | O 0 0 a 0 a 0
[22]

Other
Simon, 2011 O O O O O ? O O O
[27]
Karhul, 2015 O O O O O O O O O
(31]
Carlsen, 2017 O O O ? O O O O O
(32]

80js used to demonstrate that the feature or functionality is not present and mentioned in the article.
B[] is used to demonstrate that the feature or functional ity is present and mentioned in the article.
2is used to demonstrate that the feature or functionality is not discussed in the article.
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Table 3. Use of patient questionnaires and educational resources in included studies.

Lancaster et al

First author (year)

Patient questionnaires used

Patient educational resources

Cho (2006) [19]

Chrischilles (2014) [20]

Fiks (2015) [21]

Grant (2008) [22]
Gustafson (2012) [23]

Joseph (2007) [24]

Joseph (2013) [25]

Schnipper (2012) [26]
Simon (2011) [27]

Weingart (2013) [28]

Mooney (2017) [29]

Ahmed (2016) [30]

Karhula (2015) [31]

Carlsen (2017) [32]

N/AZ

Morisky adherence measure for medication adherence (modified); Assess-
ing Care of Vulnerable Elders (ACOV E-3) medication-use quality indica-
tors (modified); 12-item short form health survey (SF-12) for health status;
other surveys developed by the study team [34,35]

Parent Patient Activation Measure; Integrated Therapeutics Group Child
Asthma Short Form; Asthma Control Tool (ACT); other questions devel-
oped by the study team [37-39]

Not reported by the study team, focused on medi cation adherence barriers

Asthma Control Questionnaire; other questionnaires developed by the
study team [40,41]

Lung Health Survey, developed by the study team, using items from the
International Survey of Asthmaand Allergiesin Childhood questionnaire
(ISAAC), and National Asthma Education and Prevention Program
guidelines “ Guidelines for the Diagnosis and Management of Asthma:
Expert Panel Report I1” (EPRII; adapted) [45,46]

Multidimensional Scale of Perceived Socia Support (adapted); Diagnosis
Interview Schedule for Children Predictive Scales; Lung Health Survey,
developed by the study team, using items from ISAAC; EPRII (adapted);
EPRIII (adapted) [44-49]

Questionnaires developed by study team (adjudicated by physicians)

Hopkins Symptom Checklist; Patient Health Questionnaire (PHQ) Depres-
sion questionnaire; other questions developed by the study team [50-52]

Questions devel oped by the study team regarding new prescriptions and
symptoms or adverse drug events

Questionnaire about symptoms severity for 11 symptoms related to
chemotherapy

Mini-AsthmaQuality of Life Questionnaire ; Chronic Disease Self-Efficacy
Scale; ACT; Beliefs about M edicines Questionnaire; 9-item PHQ; EuroQol
visual analog scale

SF-36 health survey

IMPACT Il (pediatric inflammatory bowel disease health-related quality
of life measure); Total Inflammation Burden Score: (pediatric ulcerative
colitis activity index/abbreviated Pediatric Crohn Disease Activity Index
+ fecal calprotectin)

N/A

ACOVE-3 adapted into patient medication
safety messages [36]

Handouts and videos available, but source
and items used not reported

N/A

On the basis of the National Asthma Educa
tion and Prevention Program guidelines
[42-44]

EPRII; resources identified by Croft et al
[46,47]

EPRII; resources identified by Croft et al
[46,47]

Source and items used not reported
N/A

National Patient Safety Foundation website
(53]

Self-management coaching provided based
on symptoms; nurse practitioner follow-up,
if required within 4 hours

MyAsthma Portal

Patients provided a self-management guide.
Additionally received health coaching phone
cals

N/A

8N/A: not applicable.

Joseph et a [24] found that a significantly higher proportion of
those in the active group had a rescue inhaler available (39%
vs 32%, P=.01). Simon et a [27] found that a significantly
higher proportion of participants in the active group used
antidepressants for an appropriate length of time (=90 days;
x%=10.5, P=.001). Carlsen et al [54] showed that eHealth tools
might help identify instances where medication changes may
be appropriate. Moreover, Carlsen et al [54] showed that the
eHealth tool used resulted in at least one significant effect on
changes to medication use; a significant difference was found
between interval s of treatment for the eHealth group relative to
the control group (2.35; 95% CI 1.5to 3.2; P<.001) [54].

https://www.jmir.org/2018/12/e294/

In contrast, Cho et al [19] found no significance in terms of
total occasions of drug modification through the use of their
eHealth tool intervention, internet-based glucose monitoring
system (4.7 vs 5.5, P=.36). Fiks et al [21] provided descriptive
evidence regarding the mean number of medications per child
in both the intervention and control groups, yet no
between-groups comparisons were made.

Secondary Outcome: Changesin Signs and Symptoms
of Health Conditions

A total of 9 RCTs [19,21-25,27,30,31] and 1 open-label
intervention [32] measured changes in signs and symptoms of
health conditions. Of these, 8 reported at least one significant
improvement in signs and symptoms [19,21,23-25,27,30,31].
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Moreover, 4 studies found improvements in asthma symptoms
[21,23-25], 1 found a significant reduction in hemoglobin Alc
(HbA,) [19], and 2 found a significant improvement in

depression score [27,30].

Fiks et al [21] reported 17 instances of uncontrolled asthmain
13 children. They found that parents of active group children
missed fewer days of work (mean of <0.1 vs 1.5, P=.001) and
that the active group had less frequent flare-ups (mean of 1.4
vs 3.8, P=.02). Gustafson et al [23] found an increase in asthma
control in the active group (mean change of —0.42 vs —0.11 on
a7-point Likert scale, P=.01).

Joseph et al [24] found that the active group had a lower risk
for number of symptom nights(risk ratio [RR]=0.4, 95% CI 0.2
to 0.8, P=.009), symptom days (RR=0.5, 95% CI 0.4 to 0.8,
P=.003), days of restricted activity (RR=0.5, 95% CI 0.3t0 0.8,
P=.02), and school days missed (RR=0.3, 95% CI 0.1 to 0.7,
P=.006). In another study, Joseph et a [25] reported a lower
risk in the active group for symptom days (RR=0.8, 95% Cl 0.6
to 1.0, P=.01). Following subgroup analysis, it was found that
teenagers with moderate to severe asthma had fewer symptom
days (RR=0.6, 95% CI 0.5 to 0.9, P=.01), total school days
missed (RR=0.5, 95% CI 0.3t0 0.8, P=.009), school daysmissed
because of asthma (RR=0.4, 95% CI 0.2 to 0.8, P=.007), and
days of restricted activity (RR=0.6, 95% CI 0.4 to 0.9, P=.03).

Simon et a [27] reported a significant between-groups
difference in mean depression score favoring the intervention
group (mean score of 0.95 vs 1.17, P=.04). Ahmed et a [30]
reported a statistically significant differencein depression using
the Patient Health Questionnaire scale, as scores improved at
6 months (mean change —-0.27, 95% CI -0.37 to -0.18 for a
change of 5 units). Karhula et al [31] found no significant
between-group difference in HbA . (change —-0.106, 95% ClI
-0.33 to 0.11, P=.34); however, they did find a statistically
significant decreasein waist circumference between intervention
and control (change —1.711, 95% CI -3.042 to -0.38, P=.01).
Cho et a [19] did find a decrease in mean HbA . in the active
group (mean of 6.7% vs 7.4%, P=.006) at 30 months. Grant et
al [22] found no differences between groups for HbA ;. and for
percentage of patients at target HbA . levels. Similarly, Carlsen
et a [32] found no significant difference for trough infliximab
concentration when controlling for treatment intervals in the
study (change of —2.19, 95% CI -5.37 to 0.99, P=.18).

Secondary Outcome: Patient Self-Management and
Efficacy

A total of 5 RCTs measured this outcome [20,21,23,26,30]. In
addition, 3 of the studies found increases in patient
self-management or self-efficacy as a result of using eHealth
tools [23,26,30].

Gustafson et a [23] found that self-efficacy had a positive,
significant effect on Asthma Control Questionnaire (ACQ)
scores (beta=.48, P=.01). They also found a positive significant
effect of intervention on ACQ score when mediated by
information competence (t1=-.235, P=.02). Schnipper et al [26]
found that significantly more participants in the intervention
group alwaysdisclosed drug therapy problemsor new symptoms
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to clinicians (97.9% vs 87.1%, P<.001). Ahmed et al [30] found
that asignificant change in minimum asthma-related quality of
life questionnaire adjusted for self-efficacy in adult asthma
patients (0.24, 95% CI 0.16 to 0.32). Fiks et al [21] found that
parents of children with asthma who used the eHealth tool
improved their ability to manage asthma, although their findings
were not statistically significant. In addition, they became more
aware of the importance of ongoing attention to treatment.
Chrischilles et a [20] found no difference between groups in
ability to recognize adverse effects; however, intheir as-treated
analysis, they did find that high-frequency users had higher
odds of recognizing symptoms and adverse effects (odds ratio,
OR=1.76; 95% Cl 1.08 to 2.86).

Secondary Outcome: Medication Use Behavior
(Adherence)

A total of 3 RCTs measured this outcome, all using measures
of medication adherence as a surrogate for medication use
behavior [20,23,24]. None of these studies reported
improvements over the 6 [20] and 12 months [23,24] studied.

Secondary Outcome: Medication Reconciliation and
Recommendations to Change Drug Therapy

A total of 3 RCTs reported on this outcome [19,20,26]. Only
Schnipper et a [26] found improvements in determining
medication discrepancies when linking documented and
patient-reported medication regimens using eHealth tools.
Schnipper et a [26] explored the effects of a PHR medication
module on medication accuracy and safety, reporting
significantly lower odds of having discordant medications in
the active group (OR=0.71, 95% CI 0.54 to 0.94, P=.01). In
addition, Schnipper et al [26] found a significantly lower risk
of discrepancies with the potential to cause severe harm in the
active group (RR=0.31, 95% CI 0.10 to 0.92, P=.04). The
number of medication discrepancies per patient with the
potential for harm approached significance as aresult of using
eHealth tools (P=.05) [26].

Choet a [19] acknowledged, using descriptive data, that asmall
percentage of individuals may have recommendations madefor
modification of drug therapy as a result of using their eHealth
tool. Chrischilles et a [20] reported severa instances of
recommendations being made to alter drug therapy through
medication reconciliation, hone of which were significant.

Secondary Outcome: Adverse Effectsand Adverse Drug
Events

A total of 1 open-label intervention [32] and 5 RCTs measured
thisoutcome[20,21,26,28,29]. Only Mooney et a [29] reported
identification of adverse effectsin favor of using eHealth tools,
astherewasasignificant reductionin 10 of the 11 chemotherapy
adverse effectsin theintervention group (P value: .02 to <.001)
relative to usual care. Descriptive evidence from Fiks et al [21]
showed 1 instance of medication-rel ated adverse effects. Carlsen
et a [32] provided descriptive evidence that eHealth tools may
lead to the identification of ADES. The remaining 3 studies
reporting on the identification of adverse effects[20] or ADES
[26,28] found no significant difference between intervention
and control.
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Secondary Outcome: Health Services Utilization

A total of 6 RCTsreported health service utilization outcomes
[21,24,25,27,28,30]. Of these, only Joseph et a [24] found a
significantly lower risk of hospitalizations as a result of using
eHedlth tools (RR=0.20, 95% CI 0.2 to 0.9, P=.01). The
remaining 5 studies [21,25,27,28,30] found no difference
between intervention and control groups in terms of health
service utilization

Secondary Outcome: Patient Self-Reported Overall
Health Status

A total of 4 studies measured this outcome[24,30-32], and none
of the studies found differences in cumulative quality of life
score between groups or a significant effect on overall health
status.

Secondary Outcome: Patient Satisfaction With Health
Care

A total of 2 RCTs[21,27] and 1 open-label intervention [32]
measured this outcome. Only Simon et a [27] found that patient
satisfaction improved asaresult of using an eHealth tool. Simon
et a [27] found that a significantly larger proportion of
participants in the intervention group reported being very
satisfied with the quality of their depression-related care

(x?,=8.38, P=.004). Fikset al [21] found no significant changes
when measuring this outcome, whereas Carlsen et a [32]

provided positive descriptive evidence of patient and parent
satisfaction using eHealth tools.

Subgroup Analyses

A total of 4 RCTs investigated the use of eHealth tools in
children and teens with asthma [21,23-25]. There is evidence
that eHealth tools may have the potential to reduce symptoms
of asthma, frequency of asthma flare-ups, and number of days
of school or work missed because of asthma [21,23-25]. They
may also promote better asthma control, availability and use of
rescue inhalers, and may have the potential to improve asthma
symptoms in vulnerable groups (ie, African-American
adolescents living in urban centers) [24,25].

Subgroup analysis also found that multifaceted interventions
combining use of eHealth tools with clinician support or case
management and eHealth tool s utilizing direct patient-provider
communication might be more effective at improving some
aspects of patient self-management and self-efficacy
[23,26,30,31]. Both studies utilizing multifaceted interventions
and direct patient-provider communi cation that measured these
outcomes found positive significant results [23,26], whereas
both studies using only eHealth tools with no patient-provider
communication found no significant differences [20,21].
Detailed results from the subgroup analyses can be found in
Multimedia Appendix 4.

Barriersto I mplementation

Many studiesreported barriersto theimplementation of eHealth
tools. The most common barrier was lack of participant
engagement, resulting in low eHealth tool utilization rates. This
was reported by 9 of the 14 studies[20,22-27,31,32]. A total of
3 studies noted distinct differences between high and low
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eHealth tool users[19,20,26], with high users generally seeing
more improvementsin health-related outcomes. Chrischilles et
a’s study [20] was the only study to investigate the use of
eHealth tools specifically in patients aged more than 65 years,
and they found that patient engagement was negatively
associated with age. Grant el a [22] found that patients with
poor metabolic control were less likely to participate. The
authors of several studiesreported that asmall sample size, high
level of missing data, reduced power, and lower generalizability
were observed as a result of low eHesalth tool utilization and
patient engagement [20,22,23,25-28,31,32]. Another important
barrier, reported by 3 studies [22,26,29], was lack of clinician
engagement and poor clinician training. This was generally
because of time and workflow constraints [22,29] and lack of
motivation [26,29]. Other implementation issues noted included
lack of access to the internet [30], time burden of entering
information [30], poor usability of eHealth tools[26], difficulties
obtaining informed consent [24,25], and dilution of the
intervention effect by the control group [23,26,28].

Discussion

Summary of Evidence

Evidence from 4 RCTs and 1 open-label intervention
[20,22,24,27,32] show that eHealth tools focusing on symptom
and adverse effect self-reporting can prompt positive changes
in medication prescribing and use. In addition, the mgjority of
eHealth tools studied were able to improve patient symptoms,
regardless of functionalities, complexity, and differences in
intervention. Those eHealth toolswere particularly studied and
found to be beneficial for improving signs and symptoms in
children and adolescents with asthma [21,23-25]. This review
supports the inclusion of patient entry or editing of symptoms
into eHealth tools for the purposes of monitoring and reporting
outcomes from the use of medications.

Evidence was found that eHealth tools improved the outcome
of patient self-management and self-efficacy. Subgroup analysis
found that eHealth tools that allow patients and clinicians to
communicate directly, and multifaceted interventions combining
eHealth toolswith clinician support and case management might
lead to greater increases in patient self-management and
self-efficacy. It is notable that more significant improvements
were found for more objective outcome measures, such as
number of medication changesand clinical signs, and lesswere
found for more subjective outcome measures such as
self-management and self-efficacy. It may also be that sample
sizes were too small to detect differences, particularly if this
was not the primary objective for these studies. It islikely that
the eHealth tools under investigation either did not provide
effective content or functionalitiesto help participantsimprove
self-management and medication management in participants
or the tools used to measure these outcomes were not able to
detect any differences between groups. Another possibility is
the lack of patient understanding of chronic disease and poor
perception of health goals.

It was thought that eHealth tools that focus on improvement of
patient self-efficacy and self-management might lead to
improved medication-use behavior, which in turn may lead to
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changes in medication use, identification of rea or potential
ADEs, improvement in signs and symptoms, and overall
improvement in HRQoL . However, thereis not enough evidence
to draw conclusions as to the effectiveness of eHealth tools for
identification of adverse effects, improving medication-use
behavior, increasing recommendations to medication therapies
and improving medication reconciliation, improving health
service utilization, and improving overall health status and
patient satisfaction. Only a small number of included studies
investigated these outcomes; it is likely that with such a small
overal sample size, it was not possible to find differences
between groups.

How Do These ResultsCompareWith Other Reviews?

Aswith most systematic reviews on the subject of eHealthtools
[7,8,33,54-57], thisreview found at best moderate evidence that
patient reporting viaeHealth tool s can lead to improved clinical
outcomes such as symptom reduction.

A 2012 systematic review by Ammenwerth et a found that use
of patient portals linked to a PHR led to significant increases
in medication adjustments in diabetic patients [55]. Other
reviews and primary articles have also indicated that the use of
eHealth tools may be more effective in specific patient
populations such as patients with cancer [4,29,34,58]. This
review found evidence that use of eHealth tools might increase
the number of medication adjustments in diabetic patients
[19,22]. In addition, patient-reported symptoms and adverse
effects were used to identify toxicities in cancer patients, and
in several instances, it lead to medication changes. It was also
found that eHealth tools might improve signs and symptoms of
asthmain children and teens [21,23-25].

Overdll, this review supports findings by Ammenwerth et al
[55] that interventions may be more effective at improving
health outcomes if they combine eHealth tool features such as
patient-provider communication and interactive coaching with
eHealth tool use (see, eg, [21,22,26,28] as well as Table 2 and
Multimedia Appendix 4 considering subgroup analyses).
Evidence from this review indicates that eHealth tools in
combination with clinician support or case management, and
eHealth tools that encourage provider-patient communication
may improve patient self-management and self-efficacy when
compared with tools without these features [22,23,26].

Strengths and Limitations

To our knowledge, thisisthe first systematic review of eHealth
interventions focusing on patient self-reporting of symptoms
and adverse effects. Thereview’s search strategy was augmented
by reference searching. This review was limited to studies that
included medication-related outcomes. The majority of studies
included in this review were RCTs, most of which were of
moderate quality.

Thisreview also has anumber of weaknesses. It was limited to
studies published in English, which may have excluded relevant
articles. No searching of grey literature was performed, as we
focused on empirical work published in academic journals, and
soitispossiblethat some early non—peer-reviewed reports may
have been missed. We acknowledge the lack of definitional
clarity surrounding the term eHealth and believe future research
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should focus on establishing better consensus for this term.
There was considerable variety among the interventionsin the
studies, some of which included features such as direct health
care provider follow-up, thus making it more complicated to
determine which outcomes could be specifically attributable to
using an eHealth tool. As this review also examined different
populations of varying sample sizes and medical conditionsfor
eHealth tools, it may be difficult to detect differences and
generalize findings and conclusions. We did not include
qualitative studies in our review because the goa of our study
wasto better understand the effectiveness and impact of changes
to medication regimens based on quantifiable differences in
using eHealth tools for self-reporting adverse effects and
symptoms that promote changes to medication use versus a
comparator. We valuetheinsight of qualitative studiesthat have
been investigated el sewhere [59,60]. Additional exploration of
qualitative literature to better understand how use of thesetypes
of eHealth tools can generate impacts on medication use and
health would be helpful.

Implications for Practice and Future Research

Where possible, health care providers should encourage patient
use of eHeadth tools for symptom and adverse effect
self-reporting. eHealth tools may be especially useful for
reducing symptomsin certain populations, for example, children
and teenagers with asthma. eHealth tools might also encourage
patients to improve self-management behaviors and participate
in shared decision making with clinicians. Having information
from the EMR entered directly into the eHeal th tool may reduce
the burden on the patient to routinely update their clinical
information (something that only highly motivated patients are
likely to do regularly) [6]. Clinicians should be encouraged to
communicate with patients via eHealth tools where possible,
especialy where patients are experiencing worsening of
symptoms or medication-related adverse effects. Evidence
suggests that using technologies such as mobile apps and SMS
text messaging may improve patient engagement by allowing
quick, convenient communication without acomputer or internet
connection [23,27]. Clinicians should be supported in their
eHealth tool use, and interventions should focus on clinician
training and engagement. Ensuring that interventions can be
successfully incorporated into physician workflow isimportant
[22,26].

There is a paucity of primary research articles investigating
eHealth tools and their impact on medication use. Studies are
generaly small and of moderate quality. Large-scale RCTs
focusing on the use of eHealth tools for medication and
symptom management should be undertaken to establish more
high-quality evidence. This is especially important given how
ubiquitous the use of medication is. Furthermore, the effects of
patient self-management and self-efficacy on medication use
and symptom experience are not well studied; moreresearchin
this area could help drive creation of medication-focused
eHealth tools. Low patient engagement and eHealth tool
utilization were commonly noted implementation barriers; it
could be that patients were not engaged in eHealth tool use
enough for them to feel an impact on their satisfaction with
health care or overall quality of life. Descriptive evidence shows
low proportions of patients felt that eHealth tools improved
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their care or communication with providers, indicating that
development of eHealth tools should focus on functionalities
and outcomes that are important to the patient. This may be
achieved by utilizing research on patient motivation and
behavior change to increase patient engagement [20,24,25].

Conclusions

The results of this review show initial and promising findings
that speciaized eHealth tools can be used for reporting and
monitoring of symptomsand medication-rel ated adverse effects
and some evidence that use of eHealth tools have the potential
to identify instances where changes in medication use may be

Lancaster et al

appropriate. A modest amount of mixed evidence was found,
demonstrating that eHeath tools can improve patient
self-management and self-efficacy. Very little or no evidence
was found to demonstrate that use of eHealth tools could
increase numbers of medication recommendations or improve
medication-taking behavior, health services utilization,
identification of adverse effects, overall hedlth status, and patient
satisfaction. eHealth tools may be more effective at promoting
medication changes and improving patient self-management
and self-efficacy if they provide mechanisms for direct
patient-provider communication and may be more effectivein
certain popul ations such as children and teenagers with asthma.
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Abstract

Background: The onset of mental health problems peaks between adolescence and young adulthood; however, young people
face barriers to treatment and are often reluctant to seek professional help. Many are instead seeking support and information
regarding their mental health viathe Web, especially viasocial networking sites (SNSs), and hence, thereis apromising opportunity
to use SNSs to deliver or integrate with youth-focused online mental health interventions. Previous reviews have evaluated the
effectiveness of SNSsfor specific disordersin young people; however, none of the reviews have covered the breadth of SNS-based
youth mental health interventions available across all mental health issues.

Objective: This review aimed to systematically identify available evidence regarding the use of SNS-based interventions to
support the mental health of young people aged up to 25 years, to evaluate their effectiveness, suitability, and safety, and identify
gaps and opportunities for future research.

Methods: The PubMed and PsycINFO databases were searched using Medical Subject Headings terms and exploded keywords
and phrases. Retrieved abstracts (n=974) were double screened, yielding 235 articlesfor screening at the full-text level. Of these,
9 articles met the review inclusion criteria. Given the small number of studies, and the variety of outcome measures used, a
guantitative meta-analysis was not possible.

Results: The 9 articles (quantitative studies, qualitative studies, and descriptions of the iterative design process) covered 5
separate interventions. Of the 5 interventions, 2 interventions used purpose-built platforms based on the moderated online social
therapy (MOST) model, 2 used Facebook, and 1 evaluated a purpose-built mobile app. The 2 MOST interventionstargeted specific
mental health issues (depression and psychosis), whereas the others focused on improving mental health literacy, social support,
and general well-being. Only 3 quantitative studies were identified, and all used a pre-post design (without a control group) to
establish proof of concept. Of the outcome variables assessed, there were significant improvements in mental health knowledge
and number of depressive symptoms but no improvement in anxiety or psychosis symptoms. Acceptability of and engagement
with the SNS platforms were generally high, as were perceptions of usefulness and safety. Moderation by clinical experts was
identified as akey component of the more successful interventions. When offered a choice, users showed a preference for mobile
apps over Web-based interfaces.

Conclusions: The evidence reviewed suggests young people find SNS-based interventions highly usable, engaging, and
supportive. However, future studies need to address the current lack of high-quality evidence for their efficacy in reducing mental
health symptoms. Given young people are already turning to SNSs to engage in knowledge seeking and peer-to-peer support,
SN S-based youth mental health interventions provide an opportunity to address some of the barriersyoung peoplefacein accessing
qualified mental health support and information.

(J Med Internet Res 2018;20(12):€12244) doi:10.2196/12244
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Introduction

Supporting the mental health of young peopleisamajor public
health challenge, with mental disorders accounting for almost
half of the nonfatal burden of disease among people aged 10 to
25years[1]. Adolescenceisaparticularly vulnerable period of
development, with the onset of mental health problems peaking
between adolescence and young adulthood [2]. However, many
problems are not detected until later in life, asyoung peopleare
often reluctant to seek professional help [3] and face barriers
to treatment such as cost, poor mental health literacy,
confidentiality concerns, stigma, and inaccessibility to or lack
of knowledge of resources[4,5].

Given that internet-enabled mobile devices have become a
near-ubiquitous element of adolescence, with 45% of teens
admitting that they are online almost constantly [6], it is not
surprising that young people are increasingly seeking support
and information regarding their mental health online [7].

Over the past decade, social media has become an important
element of communication for young people, with virtually all
having at |east one active social mediaaccount [6]. People with
mental illness are often among the highest users[8], with many
reporting that social mediafosters community among usersand
makes them feel supported and accepted [9]. Furthermore, a
recent study found that actively engaging with peers online
about their mental health concerns was associated with an
increased likelihood of seeking formal mental health care[10].

Social networking sites (SNSs), a subset of social media, have
become the predominant context for communication and social
support—seeking behaviors online among adolescents[11]. SNS
users create a profile within a bounded system, which they use
to make and display connectionswith other users[12]. Posting
of user-generated and Web-based content and functions such
as liking, commenting, and tagging are the lifeblood of SNSs
and differentiate SNSsfrom Web 1.0 communication tools such
as message boards and online support groups [13].

Given the barriers to mental health support young people face
and the fact that they are naturally turning to SNSs to engage
in knowledge seeking and peer-to-peer support, there is a
promising opportunity to use SNSs to deliver or integrate with
youth-focused online mental health interventions. Compared
with other online mental health resources such as online
counseling, mobile apps, and online support groups, research
into the use of SNSs to support and treat young people with
mental health issues is only in its infancy and is highly
fragmented. Although there have been reviews evaluating the
effectiveness of SNSs for specific mental health disorders in
young people[14,15] and online peer-to-peer support for young
people more broadly [16], none of the reviews have covered
the breadth of SNS-based youth mental health interventions
available across all mental health issues. A systematic review
of the literature regarding the use of SNS-based interventions

https://www.jmir.org/2018/12/e12244/
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to support the mental health of young people is, therefore,
required to evaluate their effectiveness, suitability, and safety
and identify gaps and opportunities for future research.

Methods

Search Strategy

This systematic review was performed using the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines [17]. A PRISMA checklist is available
inMultimedia Appendix 1. PubMed was searched using Medical
Subject Headings terms, and PsycINFO was searched using
exploded keywords and phrases (see Multimedia Appendix 2).
Searches were conducted in June 2018 and restricted to
English-language articles published in peer-reviewed journals
between January 2000 and June 2018.

In total, the database searches yielded 1020 records (592 from
PubMed and 428 from PsyclNFO), of which 60 duplicateswere
removed. Additionally, 14 records were identified through
manual searchesof previousreviews, key journals, and reference
lists of key articles.

Screening Process

Figure 1 presents a PRISMA flow diagram of the screening
process, which involved 2 stages: (1) title and abstract exclusion
and (2) full-text exclusion. All records were independently
screened by 2 reviewers (BR and AC) to establish relevance for
inclusion at both stages. Any discrepancies between the
reviewers were resolved by discussion. Of the 974 records
identified (after duplicates were removed), 739 were removed
becausetheir titles and abstractsindicated they were not relevant
to the topic of using SNS to support youth mental health. This
left 235 articles to be assessed for eligibility according to
predefined inclusion criteria.

The inclusion criteria were as follows: (1) the record must be
an original empirical study (ie, not a review or commentary),
(2) the primary aim of the study must be to address either a
specific mental health condition or improve mental health and
well-being generally, (3) the study must investigate the efficacy
or effectiveness of a specific intervention utilizing an SNS (as
defined by Boyd and Ellison [12]) to improve youth mental
health (ie, not the impact of naturally occurring SNS support
groups), and (4) the target population of the intervention must
be young people aged up to 25 years.

A total of 36 articleswere excluded during the second screening
stage based on record type (eg, review and commentary) and
16 were excluded because they were not mental health related.
A total of 135 articles were excluded as they were not
investigating the efficacy or effectiveness of an intervention
utilizing an SNSto improve youth mental health, and 39 articles
were excluded based on the age of the target population being
other than young people aged up to 25 years.
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Figurel. PRISMA flow diagram.
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Given the small number of studiesincluded in thisreview, their
exploratory nature, and the variety of outcome measures used,
a quantitative meta-analysis was not possible. Primary and
secondary outcome measures related to mental health are,
therefore, reported (with effect sizeswhere possible) along with
the characteristics of and usability and engagement data
regarding the social networking components of theinterventions.

Results

Study Characteristics

Detailed characteristics of the included articles (n=9) are
provided in Multimedia Appendix 3. Of the 9 articles, 3 articles
reported uncontrolled pilot studiesthat utilized apre-post design
[18-20] and 4 reported qualitative evaluations (2 of these
evaluating 1 of the aforementioned pilot studies each) [21-24].
The 2 remaining articleswere descriptions of theiterative design
processof 2 of theaready included studies[25,26]. In summary,
there were 5 separate studies covered by the 9 included articles.

The articles were categorized according to the mental health
issuethey werefocused on: psychotic disorder or mood disorder
with psychotic features (n=3) [18,21,25], depression (n=2)
[19,22], and headlth literacy and well-being (n=4) [20,23,24,27].

https://www.jmir.org/2018/12/e12244/

A total of 7 articles were from Australia, and the remaining
articles were from the United States and Hong Kong. There
were many studiesfrom the United States and Europe included
at the first screening stage; however, the majority of those that
were focused on youth mental health were excluded at the
second screening stage because they were investigating the
impact of naturally occurring SNS groups, rather than
purpose-built interventions for supporting youth mental health
(an areathat Australiaiis currently pioneering).

Interventions

Overall, 3 separate purpose-built SNSs were the focus of 7 of
the articles (Horyzons: 3, Rebound: 2, and MindMax: 2),
whereasthe remaining articles evaluated interventionsthat used
Facebook (one using a purpose-built Facebook game and the
other using a closed Facebook group). Both Horyzons and
Rebound were based on the moderated online social therapy
(MOST) model developed by members of their research team
[26], whereas MindMax took a modular approach combining
well-being science, video games, and personal experience and
stories of professional Australian Football League (AFL)
players. Of the purpose-built apps, only MindMax was made
available to the public.
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Participants

Most of the samples consisted exclusively of participants with
self-reported mental health concernsrel evant to the focus of the
respective study (n=5). Of the remaining articles, 2 articles used
nonclinical samples of university students, and the 2 articles
investigating the design of MindMax used convenience samples
from thetarget audience of the app. As per theinclusion criteria,
all studies aimed to support the mental health of children and/or
young people, with the youngest participants across the studies
being aged 15 years. The mean age of participantsfor all studies
fell within arange of 18 to 21 years, except for the qualitative
evaluation of MindMax [23], which was based on focus
interviews of 7 participants (6 malesand 1 female) with an age
range of 24 to 49 years (average of 35 years). Although the
convenience sample for this initial usability study was mostly
made up of participants aged ol der than 25 years, it wasincluded
in this review as the target population of the MindMax app is
young people aged 16 to 25 years. Gender was relatively
balanced in al other studies (42%-50% male), except for the
YBMen study, which focused on students who identified as
black men. Participants were recruited from arange of sources
and methods. The Horyzons and Rebound studiesrecruited from
early intervention clinics, the Facebook studies from an online
network of university students, and the MindMax studies were
based on participatory design workshops and focus interviews
with AFL fans, players, gamers, mental health and well-being
consumers, clinicians, researchers, and academics.

Outcome M easures

The Horyzons study focused on mood disorderswith psychotic
features and used the Brief Psychiatric Rating Scale, the Calgary
Depression Scale for Schizophrenia, and the Beck Anxiety
Inventory as primary outcome measuresto determine reduction
in symptoms of psychosis, depression, and anxiety, respectively.
The Rebound study focused on depression used the
interviewer-rated M ontgomery-Asberg Depression Rating Scale
(MADRYS) as its primary outcome measure, along with other
secondary measures of anxiety, social and occupational
functioning, strengths use, social support, and socid
connectedness. The Facebook game study focused on mental
health literacy used a self-assessment questionnaire devel oped
by the researchersto assess this primary outcome and modified
questions from the Motivated Strategies for Learning
Questionnaire to assess learning motivation as the secondary
outcome. The authors of the closed Facebook group study,
which also focused on improving mental health literacy (in
addition to providing social support), mentioned that quantitative
outcome measures were collected; however, only results of the
qualitative interviews have been published to date. The
MindMax study used participatory design workshopsand focus
interviews to evaluate usability and initial experiences of using
the app, whereas outcomes related to the app’s main aim to
improve mental health literacy and well-being were being
studied at the time of this review.

Study Quality

As al studies included in this systematic review were
uncontrolled pilots or exploratory studies of acceptability or
usability, no formal assessment of quality was performed. All
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3 of the quantitative articles included used a pre-post design
without a control group and aimed to provide proof of concept,
rather than causal inferences about efficacy or effectiveness.
The 2 MOST studies reported using completer analyses only
(one of these had no dropouts and the other reported a dropout
rate of 7.1%). The Facebook game study had a dropout rate of
42.5% and used multiple imputations to address loss of
follow-up datafor the 54 dropouts so that they could beincluded
in an intention-to-treat (ITT) anaysis. The result of the ITT
analysis was consistent with the completer analysis conducted,
which used only the 73 participants who completed both the
pre- and posttest questionnaires.

The qualitative articles for the 2 MOST studies conducted
semistructured interviews at the conclusion of the trial only,
whereas the MindMax and closed Facebook group studies
conducted structured interviews at multiple time points
throughout thetrial (although the latter only reported results of
interviews conducted postintervention).

All 4 qualitative studies transcribed the interviews and coded
them for thematic analysis using either QSR NVivo software
or spreadsheet techniques. The Rebound and MindMax studies
followed the established thematic analysis guidelines of Braun
and Clarke[28], whereasthe Horyzons study followed accepted
qualitative methods[29,30] that recommend conducting multiple
parses of the qualitative data with different levels of coding.
The closed Facebook group study applied a data reduction
technique devel oped by the lead author called the rigorous and
accelerated data reduction technique [31].

Characteristics of Social Networking Functions

The social networking environment of the Horyzons and
Rebound platforms was known as The Café. The platforms
included a newsfeed where participants and moderators could
post text, pictures, and videos and like or comment on posts of
other users, similar to well-known Facebook functions. The
newsfeed incorporated categoriesto organize discussion threads
into themes (eg, what's on your mind, I'm loving right now,
cheer me up, and strength news). The system aso included a
homepage, showing all the activity and natifications relevant
to the participant. Participants could also view thewall of others,
displaying that participant’sindividual activity (similar to what
Facebook now refersto asthetimeling), and their own network
(similar to Facebook’s friends function).

On the basis of the MOST model [26], the Horyzons and
Rebound platforms were designed to reinforce the therapeutic
content of the interventions and ensure constant flow between
the therapy and social networking components. This was
achieved by integrating questions within the therapeutic content
to promote discussion and encourage users to share their own
experiences, which then become discussion threads within The
Café. Both platforms also featured an online group—based
problem-solving space (known as Talk It Out in Rebound),
guided by moderatorswithin the social networking environment.
Using an evidence-based problem-solving framework [32,33],
moderators guided participants through the structured phases
of problem definition, brainstorming solutions, identifying pros
and cons, and summarizing possible choices. Offered solutions
and participants’ experiences were then saved in a database for
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participants to refer to throughout the intervention. The
Horyzons intervention also included a job zone, where users
could access information regarding training and vocational
recovery, or ask Gina, an expert in this area.

TheMindMax platform also featured afamiliar Facebook-style
interface, with the main social networking function being a
newsfeed where participants could post text, pictures, and
animated graphicsinterchange formats (but not videos) and like
or comment on posts of other users. Participants could also use
hashtags to make their posts searchable to other participants
(eg, #oratitude, #val ues, and #fitminds) or share their MindMax
posts on other SNS such as Facebook. Integrated alongside the
newsfeed were the Train well-being education modules (Fit
Minds, Values, and Thoughts) and Play, where participants
could use the footies awarded for completed activities within
the education modules to play the Flick Footy video game and
then post their score in the newsfeed for other participants to
view, like, and comment on. Therewas aso aMefunction where
participants could update their profile and view their activities
and saved posts. The Train modules often included text and
videosfrom AFL playersand short questionnaires and activities.
Completed activitieswere automatically posted to the newsfeed
with appropriate hashtags by default (this could be turned off
in profile settings). Being amobile phone app, MindMax utilized
push notificationsto alert users about activities relevant to them
when not using the app.

The purpose-built game Ching Ching Story was an app within
Facebook, and as such, its socia networking functionsinteracted
with those of Facebook. For example, task completed
notifications were posted on players Facebook walls (now
known as timelines) to acknowledge achievementsin the game
and encourage interaction between players via Facebook likes
and comments. Additional functions within the game itself
included the ability to send friends greetings, gifts, and special
tools needed to accomplish certain tasks. Giftswere a so offered
to players for sending invitations to their Facebook friends to
jointhegame. A leaderboard was al so avail able within the game
to create an atmosphere of competition.

The other Facebook study, YBMen, used a closed Facebook
group to post educational material (taken from gender and
culturally relevant popular culture references) and daily prompts
for group discussion about the importance of mental health,
social support, and the challenges associated with rigid
adherence to masculine norms. Participants communicated with
each other and the study team using standard Facebook functions
(comments, likes, and posting and sharing content). Group
facilitation techniques included group problem solving, action
planning and feedback, and individual decision making to
improve mental health behaviors and outcomes.

M oder ation

Theinclusion of expert moderatorswith clinical experiencewas
a key feature of the MOST platforms. The moderators in
Horyzons were clinical psychologists and vocational workers,
identified within the social networking platform as coach. They
moderated the site daily for 1 to 2 hours, and their role was to
“guide, but not censor, the interaction to ensure a safe and
supportive environment” [18]. The moderatorsin Rebound were
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experienced youth mental health clinicians who monitored the
site daily. In addition, both platforms used an auto-detect risk
management system to identify keywords associated with risk
of relapse, self-harm, or suicide, which would then trigger crisis
protocol and risk assessment.

The Rebound study also featured peer moderators known as
Super Users —young people with recent lived experience of
mental illness who were given training and supervision to
provide peer support to other users of the site. However, most
users were not aware of the Super Users (identified only by a
distinct symbol on their avatar) and, therefore, did not recall
interacting with them. Those who were aware of Super Users
thought that they were useful as role models and gave them
hope that they could also recover. The previously conducted
Horyzon study did not include peer moderators; however, most
users believed that including previous users of the site as peer
moderators would be beneficial, and 90% reported interest in
becoming one themselves.

The moderator in the YBMen Project was the lead author, an
African American female researcher with 13 years' experience
in research and community interventions on the mental health
of black men. The moderator and her team (male and female
graduate students) were responsiblefor not only monitoring the
site but also for posting the daily educational material along
with questions to generate group discussion and facilitate
engagement, in contrast to the MOST platforms where
therapeutic content was included in modules for users to work
through at their own pace. It was not clear whether the YBMen
moderator and her team were individually identifiable with the
Facebook group or whether they all used the same Facebook
user account.

The MindMax and Ching Ching Story studies did not report
whether moderation was a feature of their platform.

Intervention Efficacy

Depression, Anxiety, and Psychosis Symptoms

A moderate to large reduction in participants depressive
symptoms (d=0.6) was found after using Horyzonsfor 1 month
[18]. A small reduction in anxiety symptoms was found but
failed to reach significance, and there was no reduction in
psychosis symptoms between pre- and postintervention.

A similar effect size for reduction in depressive symptoms was
reported by Riceet a [19] in their pilot study of Rebound, with
asignificant improvement in interviewer-rated depression scores
on the MADRS after 2 months (d=0.45). There was no
improvement in anxiety, social and occupational functioning,
socia support, or socia connectedness; however, there was a
trend (P<.1; d=0.29) for improved strength use.

Mental Health Literacy

The study measuring health literacy demonstrated a moderate
to large improvement in performance on their 31-question
knowledge test (d=0.65) following a 3-week period of using
the purpose-built Facebook game[20]. Intrinsic goal orientation
was identified as the primary factor in learning motivation.
Self-efficacy for learning and performance significantly
predicted learning outcomes, whereas test anxiety was found
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to be negatively associated with learning outcomes. The
MindMax and closed Facebook group studies also aimed to
improve mental health literacy; however, studies published to
date have not reported this as an outcome variable.

Engagement

User engagement data for the Horyzons platform suggested
high use among participants, with 60% using the system in each
of the 4 weeks (70% in at least 3 out of 4 weeks). The social
networking component was used by 95% of participants, with
a median of 192 social page views/actions per participant.
Module use varied across participants; however, 95% compl eted
at least one full therapy module and 60% completed at least
three modules (of 7 available). There was a median of 65
therapy-based page views per participant.

Engagement with the Rebound platform was aso high, with
70% logging in weekly (78.5% in at least 2 of 3 months). The
socia networking component was used by all participants, with
a mean of 51.1 socia posts per participant. In terms of
therapeutic content, 42.9% completed 5 or more therapy
modules (of 56 available) and 26.2% reported completing 5 or
more actions (applying therapy content in the offline world).

The structured interviews conducted to investigate initial
experiences with the MindMax platform revealed that
participants found the gaming and sporting elements to be the
most engaging aspects of the app, with many returning to use
the game even after completing al the well-being training.
Statistics of engagement with the socia networking functions
are anticipated to be reported in afuture report of the currently
ongoing evaluation trial of MindMax.

Engagement with the YBMen intervention was assessed via
guantitative data collected about the level of Facebook activity
recorded. Most participants (67.3%) viewed Facebook postings
at least weekly and around half (50.9%) actively contributed
each week by commenting or posting new material.

Assessment of engagement with the purpose-built Facebook
game was not reported.

Usability

Horyzons was considered a useful long-term treatment option
beyond discharge by 70% of participants, with a majority
reporting that it significantly increased their social
connectedness (60%) and empowered them in their own
recovery process (55%). The social networking component of
Horyzons was perceived as useful by 70% of participants.
Moreover, 90% of participants considered moderation to be
supportive and 85% thought it would be beneficial to include
peer moderators who were previous users of Horyzons (with
90% reporting they would like to become online peer
moderators). There were no incidents (ie, adverse events or
inappropriate usage) during the study.

User experience data for the Rebound platform were collected
via a standardized industry tool for benchmarking websites
called Web Analysis and Measurement Inventory (WAMMI)
[34]. Rebound rated above average on al 5 WAMMI domains
(attractiveness, controllability, efficiency, helpfulness, and
learnability), achieving a global utility percentile rank of 59.6.
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In addition, ratings on a 1- to 5-point scale were collected to
assess safety (4.7), helpfulness (3.6), and perceived benefits
related to social connectedness (3.5). Impressions of the
moderators were assessed on 1- to 7-point scales, with
participants rating their agreement that moderators encouraged
open discussion (6.0), accepted them (5.8), provided them with
choices (5.5), and listened to how they would like to use
Rebound (5.6).

Initial usability testing of MindMax with 3 users revealed an
appreciation for the gamification of content and shared use by
known AFL players [27]. Concerns were expressed regarding
privacy and the possibility that users may only post or like
content to get points, rather than meaningfully engage with the

app.

Interviews conducted at the conclusion of the YBMen study
revealed that the use of Facebook as the intervention platform
was well-liked by participants, as they appreciated being able
to receive notifications alerts on their mobile phones. Many
participants also liked that Facebook facilitated conversations
that they would not feel as comfortable having face-to-face.
Barriers to engagement identified included not being able to
understand some of the language used by the moderator.

Assessment of the usability of the purpose-built Facebook game
was not reported.

Discussion

Principal Findings

The aim of this systematic review was to identify studies
investigating the use of SNS to support the mental health of
children and youth. A total of 9 articles reporting on 5 separate
studies were identified. Of the 9 studies, 2 studies targeted
specific mental health issues (depression and psychosis),
whereas the other studies focused on improving mental health
literacy, social support, and general well-being. Only 3
guantitative studieswereidentified and all used apre-post design
(without a control group) to establish proof of concept, rather
than causal inferences about efficacy. Although this precluded
any meta-analysis or assessment using Effective Practice and
Organization of Care quality criteria, some of the outcome
measures produced encouraging results, with significant
reductions in depressive symptoms and significant
improvementsin mental health knowledge. However, therewas
no significant reduction in anxiety or psychosis symptoms.
Acceptability and usability of the platforms reviewed were
generaly high, as were perceptions of usefulness and safety.
There were no adverse incidents reported in any of the studies.
When offered a choice, users showed a preference for mobile
apps over Web-based interfaces and appreciated receiving
notification alerts on their mobile phones. Overall, this review
found evidence for the potential for SNS-based interventions
to support the mental health of young people.

Engagement with the SNS platforms was high in most studies,
with low dropout rates, and most users logging in and actively
posting and engaging with content, moderators, and other users,
on at least aweekly basis. Moderation was identified as a key
component of the success of the interventions. The therapeutic
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interventions that were most favorably viewed by users were
those that were guided by moderators within the socia
networking environment, with users generally finding
moderators to be friendly, supportive, and caring. There was
also initial support for the inclusion of peer moderators to act
as role models and support the experience of other users;
however, it is not suggested that these should replace the role
of expert moderators with clinical experience.

Positive feedback on the benefit of giving and receiving
peer-to-peer support was also received, consistent with
established literature [35,36]. Users of the MOST platforms
reported that the most valued characteristic of the intervention
was the ability to connect with other young people of asimilar
age with shared experiences, backgrounds, and mental health
issues. Usersfelt safe because the sites could only be accessed
by clients of the mental health services from which they had
been recruited, which also contributed to feelings of belonging
to a group of peers with similar experiences. There were
indications that users felt understood, supported, more socially
connected, and more willing to discuss their issues as a result
of interacting with peers who were facing challenges similar to
them.

However, not all users were active in their use of the social
networking functions, with qualitative feedback revealing that
some users preferred to eavesdrop on discussions taking place
or lurk. Santesteban-Echarri et a [22] identified 2 clear
subgroups of low interactors in the Rebound study. The first
subgroup did not like online interaction and/or had sufficient
offline support, supporting the typology of social media users
by Fergie et al [37] that suggests the more offline support
someone has, thelessregularly they engage with health-related
content on social media. The second subgroup of low interactors
simply felt too shy, indicating that either the activity on the site
was not high enough for them to feel comfortable to initiate a
conversation or that not knowing fellow users was a barrier
(despite anonymity being one of the obvious advantages and
aims of closed SNSsfor supporting youth mental health). This
desireto know other userswas al so raised by participantsin the
YBMen project, who suggested that having occasional
face-to-face meetings would have benefited the intervention
(although the authors note that this may have been influenced
by the project’s association with an existing offline group).

Although it is possible that having a less than positive regard
for anonymous online interactions may be apotential barrier to
gaining benefit from SNS-based youth mental health
interventions, more research is needed to establish whether
eavesdropping on discussions may till be beneficial for low
interactors. Recent research suggests that having a strong sense
of community and inclusive culture are important factors for
deriving positive outcomes among lurkers of online health
support groups [38,39]. The design of SNSs for supporting
youth mental health should, therefore, engage in strategies to
create asense of community and promote regular contributions
from users [40], given it appears that variable levels of
interactivity and engagement over time are features of these
platforms.
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Overdll, the integration of the social networking components
with the psychoeducation and therapy modules in the MOST
interventions was considered successful, as evidenced by ahigh
level of engagement with both and positive qualitative feedback
from users. The MindMax and Ching Ching Story platforms
also aimed to integrate socia networking functions with the
online education activities around mental health literacy, for
example, by encouraging users to post about their successesin
completing activities and comment on the successes of others.
However, there was no evidence provided to suggest that the
socia networking functions were well utilized during thetrials
of these 2 platforms (athough it was stated that social
connectedness of MindMax users will be reported in a future
evaluation of anaturalistic trial).

The need to integrate therapeutic and social networking
functions was not an issue for the YBMen project, as all
activities took place within the closed Facebook group. This
had the additional benefit of locating the intervention within a
platform that most users were aready familiar with and using
daily on multiple devices, including mobile devices, which was
something that users appreciated. Although using naturally
occurring SNS such as Facebook to deliver interventions could
be away to address the difficulty that purpose-built platforms
may face in creating the norms, dynamics, and atmosphere of
naturally occurring online communities [41], more evaluation
is needed regarding the potential benefits and risks of using
such widely used SNSsfor this purpose [42].

In their commentary on the future of peer-to-peer support on
social media, Naslund et al [43] identified several risks that
should be considered in the design of any platform that enables
peer-to-peer support. First, there are risks inherent with
obtaining advice from nonexpert peers who may unwittingly
pass on mideading or unreliableinformation. Although research
showsthat many users of online health forums are aware of the
need to evaluate the accuracy of advice received and whether
it applies to their own circumstances [44], it is not known
whether young people with mental health concerns do so
routinely. Second, similar to all online environments, there is
the potential to be exposed to hostile or derogatory comments
from others, which could have a negative impact on the mental
health of users. These key risks can belargely mitigated against
on closed SNSshy having clinically trained moderatorsregularly
review posts made by users so that they can clarify, correct, or
potentially remove any posts that may be problematic for other
users. Although none of the studies in this review reported the
need to address any problematic posts, the MOST and Y BMen
interventions did have this ability, as their expert moderators
were actively engaged with all content posted. The presence of
expert moderators greatly contributed to users perception of
safety of the platforms.

Limitations

It isimportant to acknowledge the limitations of this systematic
review. First, searches were conducted in 2 databases only,
limited to English-language publications, and excluded grey
literature. Although the selected databases contain the largest
number of health, medical, and psychologica journals, this
search strategy was complemented by hand searches of previous
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reviews, key journals, and reference lists of key articles, which
yielded an additional 14 articles. Searcheswere current at June
2018, but as mentioned above, some of the interventions
evaluated in the included articles were either ongoing or had
collected additional datathat were intended to be published in
thefuture (eg, a5-year randomized controlled trial of Horyzons
was recently completed); therefore, it is likely that further
articles will soon appear in scholarly journals. Finaly, it is
possible that this review was subject to publication bias should
authors have failed to publish studies with null or negative
findings.

Conclusions and Implications for Future Research

This review updates and expands previous reviews of the use
of SNSfor supporting youth mental health, which have, to date,
only focused on specific disorders. By broadening the scopeto
include all aspects of mental health, including mental health
literacy, this review shows that SNSs may play auseful rolein
providing mental health support to both clinical and nonclinical
populations. It has also highlighted the importance of involving
end users across all stages of intervention and platform design
development according to participatory design principles [45]
and suggests that users prefer to be able to access SNS
interventions on their mobile devices.

The evidence reviewed suggests that young people find
SNS-based interventions highly usable, engaging, and
supportive. However, high-quality evidence for their efficacy
in reducing mental health symptoms is currently lacking.
Furthermore, the magjority of data collected in the reviewed
studies came from participants aged over 18 years; therefore,
there is a particular need for further investigation into the
suitability of SNS-based interventionsfor adolescents aged less
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than 18 years. Now that proof-of-concept is established for some
of the SNS interventions reviewed here, higher quality studies
are required (ie, randomized controlled trials over longer
periods), with populations that focus on adolescents as well as
young adults, to build the evidence basein thisfield and address
the following unanswered questions: Which aspects of SNS
interventions are most beneficial for users and how do they
mediate mental health outcomes?, Do skills gained online
tranglate to sustained improvements in offline functioning and
well-being?, Are some mental health issues and/or phases of
the users' journey better suited to SNS interventions than
others?, What level of participation is required from users to
gain benefit?, Are mobile apps and mobile-friendly interfaces
more beneficial for users?, and Is there an optimum user
group/community size? There are aso methodological
challenges to address such as those associated with evaluating
multicomponent interventions, collecting objective measures
of mental health outcomes online, and dealing with variable
levels of engagement and retention over longer periods.

Overadll, the evidence reviewed suggests that both clinical and
nonclinical users found SNS-based interventions to be safe,
engaging, supportive, and useful. When moderated, ideally by
mental health professionals, the benefits of SNS-based
interventions for youth mental health appear to outweigh any
potential risks. Given that young people are already turning to
SNSsto engage in knowledge seeking and peer-to-peer support,
SNS-based youth mental health interventions present a
promising opportunity to help address some of the barriers
young people facein accessing qualified mental health support
and information. They also provide an opportunity to combine
the well-established benefits of peer-to-peer support with
accessible and cost-effective online interventions.
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Abstract

Background: Excessive wait timesfor specialist care pose a serious concern for many patients, leading to duplication of tests,
patient anxiety, and poorer health outcomes. In response to this issue, many health care systems have begun implementing
technological innovations designed to improve the referral-consultation process. Among these services is electronic consultation
(eConsult), which connects primary care providers and specialists through a secure platform to facilitate discussion of patients
care.

Objective: This study aims to examine different eConsult services available worldwide and compare the strategies, barriers,
and successes of their implementation in different health care contexts.

Methods: We conducted an environmental scan comprising 3 stages as follows: literature review; gray literature search; and
targeted, semistructured key informant interviews. We searched MEDLINE and EMBASE (literature review) and Google (gray
literature search). Upon completing the search, we generated alist of potential interview candidates from among the stakeholders
identified. Potential participants included researchers, physicians, and decision makers. The maximum variation sampling was
used to ensure sufficient breadth of participant experience. In addition, we conducted semistructured interviews by telephone
using an interview guide based on the RE-AIM framework. Analyses of transcripts were conducted using a thematic synthesis
approach.

Results: A total of 53 services emerged from the published and gray literature. Respondents from 10 services participated in
telephonic interviews. The following 4 major themes emerged from the analysis: service structure; benefits of eConsult;
implementation challenges; and implementation enablers.

Conclusions: eConsult services have emerged in avariety of countriesand health system contexts worldwide. Despite differences
in structure, platform, and delivery of their services, respondents described similar barriers and enablers to the implementation
and growth and reported improved access and high levels of satisfaction.

(J Med Internet Res 2018;20(12):€11112) doi:10.2196/11112

KEYWORDS
electronic consultation; interviews; primary care; referral-consultation process; telemedicine; quality of care; specialist care
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Introduction

Excessive wait times for specialist care pose a serious concern
for many patients, leading to duplication of tests, patient anxiety,
and poorer health outcomes [1-3]. In response to this issue,
many health care systems have begun implementing
technological innovations designed to improve the
referral-consultation process [4-8]; among these are electronic
consultation  (eConsult)  services—secure  Web-based
applicationsthat facilitate asynchronous communication between
primary care providers (PCP) and specialists, allowing PCPs
to ask questions to specialists directly about a patient’s care
and, in some cases, avoid the need for a face-to-face
consultation.

In 2009, our team launched the Champlain Building Access to
Specialists through eConsultation (BASE) eConsult servicein
the Champlain health region of Ontario. As our service grew,
we wanted to gain a better understanding of whether other such
services were operating in Canada. To this end, we conducted
an environmental scan of services across Canada to ascertain
the status of eConsult in each province. Our study found no
other eConsult services in the country; only 2 other services
emerged besides our own, both of which were exclusively
electronic referral (eReferral) systems [9]. Unlike eConsullt,
which can supplement or replace thein-person referral in some
cases, eReferral is simply a platform that lets PCPs submit or
schedule patient referrals el ectronicaly.

Sincethen, interest in eConsult has expanded in many countries
[7,8]. Champlain BASE has likewise grown, reaching its
50,000th case. Building on its regional success, the service is
in the process of expanding province-wide, with money for its
implementation earmarked in Ontario’s 2017 budget. In addition,
the serviceisexpanding beyond provincial borders. Partnerships
with provincial and national groups have resulted in services
informed by the BASE model emerging in Alberta, Manitoba,
Quebec, and Newfoundland and Labrador.

Given our service's forthcoming growth, we have endeavored
to update our previous scan, making 2 key changesto its scope.
First, we have expanded our search for servicesavailable outside
of Canada to capture a broader range of experiences. Second,
we focused our current scan exclusively on eConsult services,
aseReferral services addressdifferent issuesand are not directly
comparable to eConsult. These changes allowed usto examine
the success and barriers faced by eConsult services in a wide
array of different contexts, providing invaluable insight into
which elements are most vital and which may—or indeed,
should—Dbe adapted to fit the individual circumstances of the
region in which they are implemented.

Methods

Design

This study follows the methodology used in our previous
environmental scan modified to expand from a Canadian to an
international focus [9]. Our process was implemented in 3
stages—a literature review, gray literature search, and key
informant interviews.

http://www.jmir.org/2018/12/€11112/
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Population

Our environmental scan targeted any documentation pertaining
to the devel opment, implementation, or expansion of eConsult
services. We defined eConsult services as asynchronous,
directed communication between providers over a secure
electronic medium that involved sharing of patient-specific
information and sought clarification or guidance regarding
clinical care. Although services based in any country were
eligible for inclusion, only literature published in English and
French were reviewed.

Literature Review

We conducted a literature search of MEDLINE and EMBASE
databaseson April 5, 2017 to identify existing eConsult services.
Our search strategy built on the keyword combinations and
variantsused in our previous scan, with modificationsto expand
the scope beyond Canadian services to include services
implemented internationally and focus exclusively on eConsult
services (Multimedia Appendix 1).

Gray Literature Search

Following the literature review, we performed a gray literature
search on April 7, 2017 using the Google search engine
(Multimedia Appendix 2). If the search yielded >100 hits, the
reviewer read through all results until 10 pages (1000 hits) had
passed without yielding any information about a new service
or the end of the search was reached.

Key Informant Interviews

Upon completing theliterature review and gray literature search,
we generated alist of potential interview candidates from among
the stakeholdersidentified in the acquired documents. Potential
participants included researchers, health care providers (eg,
physicians), and decision makers involved in the development
or implementation of an eConsult service. To ensure sufficient
breadth of participant experience, we used the maximum
variation sampling [10], with relevant factors including the
service's country of origin, technology platform, and host
organization. Of note, we did not attempt to contact Canadian
services for interviews, as our team had already developed
partnerships with all servicesidentified by the scan.

Potential participants were contacted by emails, which were
writtenin English. For services based in countries with majority
languages other than English, we generated brief descriptions
of the project in their language using Google Trandate. A
member of our research team (JJ) conducted semistructured
interviews by telephone between August 30, 2017 and
November 14, 2017 using an interview guide structured around
the RE-AIM framework, which assesses a project’s ability to
tranglate research into action using the 5 following categories:
reach, effectiveness, adoption, implementation, and maintenance
(Multimedia Appendix 3) [11]. Theinterviewer was aresearch
coordinator with a master’s degree and experience conducting
previous qualitative studies; he had no prior relationship with
any interview subjects. Interviews began with abrief discussion
of the research project’s objectives. All interviews were
conducted in English and lasted 20-45 minutes. Interviewswere
audiorecorded and transcribed verbatim. Participants received
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a copy of the interview transcript to review and correct if
necessary [12].

Data Analysis

Transcripts were uploaded into NVivo version 11 (QSR
International). Team members followed the thematic synthesis
approach outlined by Thomas and Harden [13]. One member
of the research team (JJ) reviewed the transcripts and devel oped
an initial framework of descriptive and analytical themes. The
remaining 6 team members independently reviewed the
transcripts using the framework, meeting to discuss progress,
identify any disconfirming data, and confirm whether data
saturation had been reached. Emerging themes were agreed
upon by consensus and amended as needed based on new data.

Ethics Approval

The Ottawa Health Science Network Research Ethics Board
(20120894-01H) and the Bruyére Continuing Care Research
Ethics Board (M16-12-052) provided ethics approval for this
study.

Results

Service Details

A search of the MEDLINE database returned 262 cases, of
which 115 were deemed sufficiently relevant to be reviewed by
abstract. A search of the EMBA SE database returned 441 cases,
of which 172 were sufficiently relevant for abstract review. The
results of both searches were combined, resulting in 206
citations after duplicates were removed. A review of these
citations revealed 28 distinct eConsult services that met our
definition of eConsult (ie, asynchronous platforms that allow
PCPs and specialiststo discuss apatient’s care). Additional 25
services emerged from the gray literature search, resulting in
53 eConsult services from 17 regions (16 countries plus one
international service). The United States had the highest number
of identified services (n=28), followed by Canada (n=4), Brazil
(n=3), and Spain (n=3). Figure 1 presents amap of all services.

Joschko et al

We sent emails to representatives from 49 services (Canadian
services, including our own, were excluded from interview
recruitment to avoid bias). Representatives from 11 services
responded to our emails and completed telephonic interviews.
In 2 cases, we held joint interviews with 2 representatives from
the service. In another case, 2 separate interviews were
conducted about the same service because theinitial respondent
recommended that we interview another representative. One of
the services we interviewed was excluded from our analysis
because it was dtill in its preliminary stages and had not yet
developed an eConsult platform. Our final dataset, thus,
consisted of 11 interviews with 13 representatives from 10
eConsult services in 4 countries. Respondents held a number
of roles, including researchers (n=3), PCPs (n=2), specialists
(n=2), managers or directors (n=2), and chief executive or
medical or information officers (n=4) and represented a range
of service types, varying in size, technology leveraged, and
funding model. Table 1 describes the service characteristics.

The thematic analysis of the interviews revealed 4 themes as
follows: service structure, benefits, implementation challenges,
and implementation enablers (Figure 2).

Service Structure

Respondents discussed a number of issues pertaining to the
structure of their eConsult service, including itsusage, platform,
implementation, and payment.

Usage

Usage patterns varied considerably between services, which
operated in a range of environments and at vastly different
scales. For instance, the Bradford Teaching Hospital s eConsult
service offers different single-specialty services, among the
largest of which—renal medicine—handles roughly 30 casesa
month answered by asingle nephrologist, whereasthe Veteran's

Health Administration’sNew England region processed 90,600
casesin 2015 aone.

Figure 1. Map of servicesthat wereidentified by the environmental scan (n=53) and participated in interviews (n=10).
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Table 1. The characteristics of services discussed in telephonic interviews.
Name Country Active since Host organization Tech platform Payment model
Estonian Health Information System Estonia 2011 Government EMR2 Nonprofit
ZorgDomein Netherlands 2001 Business EMR Profit
Bradford Teaching Hospitals UK 2005 Hospital or clinic EMR Nonprofit
AristaMD us 2014 Business EMR Profit
Los Angeles Dept Hedlth Services uUs 2012 Government WebP Nonprofit
NY C Health + Hospitas us 2015 Hospital or clinic EMR Nonprofit
CHC Association of Connecticut us 2017 Nonprofit EMR Nonprofit
Veteran's Health Administration us 2011 Government EMR Nonprofit
Duke Institute for Health Innovation us 2016 Research ingtitute EMR Nonprofit
RubiconMD us 2013 Business Web Profit

3EMR: electronic medical record.

B\web: browser-based Web application.

Figure 2. Map of themes and subthemes.
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Platform

All respondents’ services utilized 1 of 2 main platforms—those
integrated into electronic medical records used by participating
clinics, and those hosted on the Web and accessed through a
Web browser. However, platforms varied considerably within
these categories. In some cases, eConsult functioned as part of
thereferral process, with dl referralsautomatically made eligible
for eConsult. For instance, in the Los Angeles Department of
Health Services, “eConsult is the mandated way to request
nonurgent, nonemergent outpatient specialty care servicesfrom
us. There is no other pathway” (Respondent 11). Others, such
as RubiconMD, offer “aWeb-based and al so mobile app-based
eConsult platform” (Respondent 9) through which PCPs can
submit eConsults if they so choose.

Minimizing ]

http://www.jmir.org/2018/12/€11112/

Addressing Building on Engaging
Concerns Infrastructur Champions
I mplementation

Respondents’ serviceswere at various stages of implementation,
with some well-established services having operated for years,
whereas others were only recently launched and till in their
pilot phases. Many respondents described the implementation
as a gradual process that leveraged grassroots connections,
beginning in one instance as “a bottom-up initiative between
one family doctor and one hospital” (Respondent 1). Another
respondent described the initia service he worked on as
operating largely independently alongside a handful of
sympathetic providers:

We deliberately went under the radar to start with
because we thought there’ d be alot of red tapetrying
to get this approved. We just thought it was such an
obvious thing to bring advantage to patients that we
should generate some under-the-radar momentum
and enthusiasm and run with that. [Respondent 2]
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Payment

Participating services included for-profit businesses, aswell as
nonprofit organizations affiliated with universities, hospitals,
and regional or national governments. As such, payment
mechanisms varied widely based on the objectives of the
organization and the health system of the country in which it
operated. In US-based systems, the payee was typically a
patient’sinsurer or, for some popul ations (eg, saf ety-net services
for low-income individuas, the Veteran's Headlth
Administration) the state-funded Medicare or Medicaid. In
countries with universal health care (eg, the United Kingdom
and Estonia), payment came directly from the government.
Some services remunerated PCPs and specidists for
participating, whereas others—particularly those that had
integrated eConsult into the referral process—considered it an
extension of the provider's regular duties and provided no
additional or alternate means of payment. For instance, in the
Los Angeles Department of Health Services' system:

[PCPs] don't see any change in their revenue as a
result of using the system or not. The incentive for
them to use the system is that this is how they get
referrals to their patients,[...] The same goes for the
specialists, because in the safety-net systems every
doctor just has a flat salary and the whole systemis
just a flat capitated system. [Respondent 6]

Benefits

Participants described a number of benefits that eConsult
provided—managing wait times, avoiding unnecessary visits,
improving the quality of care, streamlining thereferral process,
building provider relationships, and cost savings.

Managing Wait Times

Many respondents cited rapid turnaround times as a major
benefit of eConsult, noting that their service has hel ped manage
wait times for patients seeking specidlist advice, “by doing an
eConsult you're getting al the patients immediate specialist
impact by getting someone to weigh in on their care plan”
(Respondent 4). Several respondents noted that eConsult
provided much-needed relief in areas where wait times were
substantial, “ There was a pretty significant backlog of referrals
that hadn’t been managed at one of the health centers. And so
they're using this pilot as an opportunity to clear out that
backlog” (Respondent 7). Respondents stressed how patients
benefit from better management of wait times, “It's also good
for the patients as well to get that feedback quickly”
(Respondent 2).

Avoiding Unnecessary Visits

Several respondents stated that their eConsult service “in many
cases helps to avoid a referral” (Respondent 9). Respondents
noted the benefit this has for patients, as many of them are able

to receive care without the long waits and inconvenience
associated with a specialist referral.

Improving Quality of Care

Respondents al so discussed how eConsult servicesimprovethe
quality of care patients receive; this improvement was
multifaceted and extended beyond the speed of replies and
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capacity to avoid unnecessary specidlist visits. As one
respondent noted:

You can improve the quality of care, you can improve
the speed of care, you can reduce the cost of care.
There are so many aspects associated to
teleconsultation. [Respondent 3]

While promptness and efficiency emerged as key benefits,
respondents argued that eConsult till had valuein cases where
aface-to-face consultation was required, asit allowed PCPsto
better support patients prior to the specialist consultation. As
one respondent described:

A third [of cases are] new work, a third avoid a live
visit and a third don’'t avoid a live visit, but it may
actually prepare patients and providers for the live
visit better by having trialed a change in medicine
before they see the specialist. Or allow the [PCP] to
order certain teststhat then would be availableto the
sub-specialist at the time of the visit. [Respondent 8]

Streamlining the Referral Process

Another benefit of eConsult was its ability to “streamline the
referral process’ (Respondent 6). One respondent described her
service as providing akind of triage, allowing patients who can
be treated at the primary care level to avoid unnecessary visits
while freeing up space for those who require face-to-face
specialist referrals:

For patients who have higher acuity issues that do
need a face-to-face visit, you're able to identify those
patients and expedite them. And because you're
clearing out these lower acuity patients from the
waitlist to see the specialist, you're seeing a huge
opening of access to getting face-to-face
[appointments]...by giving them earlier face-to-face
care by the specialist, you're not seeing patients
sitting for months and months on a waitlist, getting
wor se, and then having some acute event and ending
up in the E.R. [Respondent 4]

Another respondent noted that eConsult’s inherent tracking of
consultation requestsimproved accountability by “making sure
that every referral gets a specialist’s eyes on it and gets some
follow-up” (Respondent 5).

Building Provider Relationships and Empowering
Primary Care Providers

Several respondents mentioned that the interprovider
connections fostered by eConsult can help build relationships
between PCPs and specialists. In addition, eConsult can help
empower PCPs by providing them with the necessary guidance
to perform a broader scope of patient care. As one respondent
noted, PCPswho use eConsult “feel that they can provide more
[health care services] than expected of them initially”
(Respondent 1).

Cost Savings

Finally, severa respondents discussed eConsult’s ability to save
money for patients and the health care system. Respondents
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noted that a case answered by eConsult costs substantially less A respondent from another service noted the particular

than a face-to-face specialist visit:

Keeping the patient at the primary care, that's the
least expensive setting to treat a patient in. [ Payers]
recognize immediate return on their investment just
from avoiding the more expensive specialist visits.
And the things that come along with the specialists
visitsthat are often these extremely extensive workups
that may or may not be necessary, right. [...] S0
you're seeing a reduction in things like E.R. visits
and hospital admissions, that’ swhere gigantic, really,
savings come into play. [Respondent 4]

Implementation Challenges

Respondents mentioned several challenges associated with
implementing eConsult—articulating service value, ensuring
care is effectively delivered, financial barriers, technological
challenges, minimizing provider burden, and scale-up.

Articulating Service Value

When discussing implementation challenges, nearly all
respondents mentioned that they found it difficult to convince
stakehol ders of eConsult’svalue. Often this challenge occurred
at the management level, with respondents struggling to secure
investment in the implementation from leaders who were
skeptical of the service's efficacy, “the initial challenge was
actually convincing people that providers would use this, if it
was made available” (Respondent 9). Convincing providers to
engage was also sometimes a challenge, though in their case,
it was more a question of fighting inertia and getting
practitioners to adjust to new methods of delivering care:

The greatest challenge was getting people to think
about their work differently. Specialists with the
viewpoint that “ how can | possibly care for somebody
that | haven't seen face-to-face personally and laid
my own hands on them?” Getting themto think about
delivering specialty care through thisinteraction with
aprimary care physician. Getting PCPsto think about
this not as extra work, [but] as an actual
patient-centric intervention, because you are setting
up a communication with the specialist. [Respondent
11]

Ensuring Careis Effectively Delivered

According to a few respondents, one of the main challenges
with eConsult is ensuring that the service consistently delivers
appropriate care. These services tended to be nonprofit
organizations that dealt with vulnerable patients and faced
limitations in staffing, which at times made it difficult to reach
patients and follow up with the advice received through
eConsullt:

Snce we're a safety-net system there are often
concerns with having accurate contact information
for patients. Some may change phone numbers, some
may not have been comfortable giving us a phone
number. [...]Capacity is really an issue for us.
[Respondent 5]

http://www.jmir.org/2018/12/€11112/

challenges associated with using eConsult for urgent cases:

If you need urgent specialty care you're still kind of
stuck sitting sometimesin emergency roomor begging
the specialist, the office, to squeeze somebody in. And
its hard to get that kind of urgent access.
[ Respondent 6)

Financial Barriers

A few respondents cited financial issues as a challenge to
eConsult implementation; these included the logistics of paying
providers, aswell as securing sufficient fundsto implement and
run the service. Respondents spoke of the need for buy-in from
decision makers capable of financing the service “through a
pilot or for some seed money to get it off the ground”
(Respondent 9), some of whom were reluctant to support new
Or unproven programs:

| think the biggest challenge for us has been the
politics of some of this with the CEOs who look at
this and say ‘yeah, that’s great. But how am | going
to get paid? And how am| going to make money from
this? Or how am | going to cover my costs?'”
[Respondent 7]

In addition, one respondent noted that their eConsult service
lacked “formal reimbursement mechanisms,” and that it was a
challenge to develop “a payment mechanism to support the
delivering of eConsult” (Respondent 10). This challenge
extended to articulating the value eConsult delivered to patients
without an existing business case model.

Technological Challenges

Several respondents described technical challengesin eConsult
implementation. However, these issues were characterized not
as serious issues but as inconveniences or growing pains
associated with implementing any new system:

You're going to run into some things where the
information isn't processing right or there's
something screwy in the EHR or whatever. [...]It's
just a matter of working through those issues.
[Respondent 7]

This ran counter to some expectations in implementing a
technical innovation. One respondent noted that his team
“anticipated incorrectly that the main challenge would be
technical” (Respondent 10).

Minimizing Provider Burden

When discussing their eConsult services, severa respondents
emphasized the need to minimize the burden of usageit placed
on PCPs and specialists. While respondents viewed eConsult
astime-saving for the system overall, they noted that adopting
the service meant fitting new tasks into extremely busy
workflows, an action which some providers resisted:

Whenever you change something there's always new
challenges. [..]PCPs have to make a larger
investment in the conversation with the specialists to
get their patient in for specialty care, [while
specialists] need to have a more robust conversation
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with the PCPs in order to manage the patient. And
so probably our biggest area of complaint or
pushback has been the PCP is feeling like it's more
work. [Respondent 11]

Scale-Up

A few respondents articul ated ongoing challengeswith scale-up,
as their initial services attempt to serve a broader scope of
patients over a wider area. Respondents noted that at a larger
scale, issues such as payment and service delivery must be more
formalized, as structures that worked for a few hundred
providers may no longer work with auser basein the thousands.

Implementation Enablers

Respondents described a number of factors that contributed to
the success of their services—responding to an existing need,
addressing providers concerns and frustrations, building on
existing infrastructure, engaging clinical champions, and
embedding into provider workflows.

Responding to an Existing Need

The most commonly cited enabler for the successful
implementation was answering a need that had been articulated
by the target population; this need might stem from a policy
initiative enacted by regiona or national decision makers or
from providers frustrated with the current state of affairs. As
one respondent described:

We had very long wait times. Many of our specialties
had specialty care wait times over 6 months. Some
more than a year. There was...the black hole
phenomenon where a request would comeinto usand
it would disappear. [Respondent 11]

A successful servicewill...

...build in the right cultural and financial system to
make sure that incentives are aligned. So that PCPs
have a reason to use it, specialists have a reason to
be courteous and timely. [ Respondent 6]

Building on Existing I nfrastructure

When designing an eConsult service, many respondents found
it advantageous to leverage existing platforms. In many cases,
this consisted of an electronic medical records, which had the
benefit of aready offering a secure digital link between
providers and clinics. By harnessing the established
infrastructure, respondents were able to build their services at
afraction of the time and cost it would have taken to develop
awholly independent system. One respondent, describing the
creation of an eConsult service inside an established network,
stated, “1 was almost stunned at how straightforward it was’
(Respondent 10).

Engaging Clinical Champions

Severa respondents spoke to theimportance of engaging clinical
champions early in the implementation process. These
individuals were PCPs or specialists who believed strongly in
the service, used it often, and advocated on its behalf to their
colleagues. As the primary end users of eConsult, health care

providers are uniquely positioned to offer feedback on how the
service works, and respondents stated that their advocacy lent
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momentum and legitimacy to the project. In the words of one
respondent:

Having those clinical champions as true believers
upfront has made all the difference in the world.
[Respondent 7]

Embedding I nto Provider Workflows

Several respondents underscored the importance of developing
aservicethat fits“[as] seamlessly aspossibleinto theclinician's
workflow. Because these guys are really strapped for time”
Ease of usewascritical to successful adoption, and respondents
described taking painsto cut out any extraneous or cumbersome
elements from the application:

Understanding the limitations that your teams have
on a day-to-day basis and the bottlenecks that they
experience hasbeenreally critical for us. [...] e had
the time to really implement, see how things were
going, find out that “ X" component here was a few
more clicks than it really needed to be, and that was
a barrier for staff. And we could resolve that and
improve that workflow. [Respondent 5]

Addressing Providers Concerns and Frustrations

To support buy-in from providers, several respondents made a
point to seek user feedback regularly throughout the
implementation process and addresstheir concerns. Respondents
stressed that to get physiciansto consider using eConsult, it has
to be, at least, as effective and easy to use as the traditional
referral-consultation process:

The main selling point for the service has been the
commonsense nature of it and the fact that it works
well for [PCPs] and it works well for [specialists].
[Respondent 2]

Discussion

Principal Findings

This study found that eConsult services are being implemented
in countries around the world. Services can take a number of
different forms, with variations in scope, technology platform,
financial structure, and engagement strategy. They did not come
predominantly from any one sector, emerging as private
companies, research pilots, government initiatives, and
extensions of existing hospitals or health care clinics. Despite
these differences, respondents frequently described facing
similar barriers in their implementation and cited common
factors that enabled the successful implementation and growth
of their services. Gaining interest from stakeholders, ensuring
the service effectively meets its stated aims, and securing
financial support were among the most frequently cited barriers,
while engaging clinical champions, building on existing
infrastructure, and addressing an existing need emerged as the
main enablers of success.

Limitations

This study has several limitations. Of 53 services identified by
the environmental scan, only 11 participated in interviews (10
of which were included). Services from the United States are
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disproportionately represented, making generalization to other
countries more difficult; this limitation is exacerbated by our
ability to conduct interviewsin only 2 languages (English and
French). Although the effort was made to contact all services
regardless of their location, our lack of fluency in other
languages likely hindered our ability to recruit participants. In
addition, al health care providerswho participated in this study
were physicians. As such, the views of other eConsult users
(eg, nurse practitioners) may not have been reflected.

Comparison With Prior Work

Among enablers, addressing an existing need was often
described as a particularly important step. All services in this
study emerged to address a common problem of poor accessto
specialist care, with individual approaches tailored to address
each service' starget population. This approach reflects our own
experience with the Champlain BASE eConsult service. Our
team created eConsult as a direct response to excessive wait
times for specialist care, which remains a significant and
ongoing problem in Canada. A 2016 survey by the
Commonwealth Fund assessed 11 countries on measures of the
health care quality, including accessto care. Canadaranked last
on wait times for specialist care, with 56% of patients waiting
>4 weeks for an appointment versus an average of 36% [14].
The severity of thisissue drove the Champlain BASE eConsult
service'simplementation in our region. Likewise, a number of
respondents in this study built their own services around the
needs of their communities. For instance, inthe Commonwealth
Fund survey cited above, the United Statesfared relatively well
on the metric of specialist wait times—ranking third out of 11
participants—but faced anumber of substantial barriersrelated
to equity and cost of care [14]. As such, severa of the United
States-based services in this study developed their programs
with a lens toward improving equity. Notably, several were
“safety net services’ specifically designed to help vulnerable
individuals who lacked private insurance.

Encouragingly, eConsult isaflexible and multifaceted solution
and has shown itself to be well-positioned to address the wide
range of access issues presented by communities in different
countries. Respondents witnessed a wide range of benefits of
their eConsult services, including their ability to avoid
unnecessary specialist visits, improvetheoverall quality of care,
reduce costs, and improve communication between providers.
These assertions are supported by the literature, which has
reported many of the same benefits for eConsult services|[7,8].
A systematic review conducted in 2015 identified 27
peer-reviewed papers discussing eConsult services and found
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high levels of provider satisfaction (70%-95%), quick response
times (<3 days in most cases), and avoidance of unnecessary
referrals [7]. A systematic review by our team found similar
results, as well as some evidence of reduced costs [8].

Future of eConsult

The breadth of eConsult services now operating worldwide
suggests a promising future for this model of health service
delivery. In many cases, regional health authorities have
integrated eConsult into the fabric of the health system, making
it amandatory component of the referral-consultation process.
Other systems, including Champlain BASE, are supplemental
and voluntary, relying on the provider and patient interest to
drive engagement. While barriers to the eConsult’s expansion
exist and must be addressed [15], the overall picture is
encouraging, as evidenced by the experiences highlighted in
this study. Furthermore, our efforts at the expansion have been
highly successful; the service is currently expanding
province-wide, and the College of Family Physicians of Canada
recently rel eased a statement identifying eConsult asa standard
of practice.

The growing focus on eConsult as a method of improving
patients access to care can be seen as an extension of the
Patient’s Medical Home, amodel of health service delivery that
emphasizes that each patient should have a dedicated family
practice that serves as “the central hub for the timely provision
and coordination of a comprehensive menu of health and
medical services patients need” [16].

The goa of the Patient’'s Medica Home fits naturally into
eConsult, as such services allow PCPs to take a more central
role in their patients’ care. By using eConsult, PCPs are often
able to gain the guidance they need to treat patients themselves
when they would otherwise have referred them, and its capacity
for direct interprovider communication improves care
coordination and reduces the risk of cases being forgotten or
recommendations |ost.

Conclusions

eConsult services have emerged in a variety of countries and
health system contexts worldwide. Structure, platform, and
delivery model varied, but the services consistently
demonstrated improved access and high levels of satisfaction.
Respondents encountered several barriers to implementation
but were able to overcome them by addressing an existing need
and working with engaged clinician leaders. Lessons learned
from this group will be helpful for those looking to implement
an eConsult service in their own jurisdictions.
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Abstract

This paper briefly outlines the history of the medical record and the factors contributing to the adoption of computerized records
in primary care in the United Kingdom. It discusses how both paper-based and electronic health records have traditionally been
used in the past and goes on to examine how enabling patients to access their own primary care record online is changing the
form and function of the patient record. In addition, it looks at the evidence for the benefits of Web-based access and discusses
some of the challenges faced in this transition. Finally, some suggestions are made regarding the future of the patient record and
research questions that need to be addressed to help deepen our understanding of how they can be used more beneficially by both
patients and clinicians.
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and the popularity of cadaveric dissection in the 17th century

A Brief History of the Medical Record

The history of medical records can be dated back as far as the
Edwin Smith papyrus of 1600 BC, which describes 48 surgical
case histories and was most likely written as an Egyptian
surgical manual [1]. Later examples include the case histories
of Hippocrates from around 400 BC [2] and medieval Islamic
texts from around AD 925, which were largely adapted from
Graeco-Roman case histories [3]. Throughout the centuries,
medical records were mainly used for teaching purposes [4],
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focused on the use of case historiesfor the teaching of anatomy
[5]. By the 1700s, the keeping of case history books by
physicians was becoming more commonplace [6], and medical
centers were keeping increasingly detailed patient records
toward the end of that century and into the 1800s [7,8]. In the
late 1800s, attempts were made to control the content and quality
of hospital records for insurance and medicolegal purposes[7],
but it was common at this time for physicians to keep their
private notes separately to aid patient care [4].
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In United Kingdom, LIoyd George's National Insurance Act of
1911 made it compulsory for employed men aged 16-70 years
to take out health insurance, and for general practitioners (GPs)
providing their care to keep a written record of these patients
[9]. While the content and layout of the record were not
stipulated, their size was determined by the tin storage boxes
provided by the government at that time[10]. These metal boxes
were later replaced by envelopes, but the size of the primary
carerecord persisted after theintroduction of the National Health
Service (NHS) in 1948 [10]. Early criticisms of the format of
genera practice records focused on the inconvenience caused
by the small size of the envel opes, and the absence of a separate
problems list [10]. To overcome these problems, there were
calls for primary care surgeries to change to records in an A4
format in the 1960s and 1970s, but these failed to materialize
[1Q]. Such concerns were soon to be made redundant by the
introduction of computerized records systems [9].

Transition to Electronic Records

The history of computerized records in general practice can be
traced back to Exeter in 1970 when John Preece became the
first GP to use acomputer in the consulting room[11]. Thefirst
government-sponsored electronic records system involved a
small pilot by the Department of Health in Exeter in 1972 [9].
Ten years later, the government-sponsored “Micros for GPs’
involving 150 UK practices, laying the foundations for further
innovations [9]. In 1987, 2 private companies began offering
computer systemsto general practicesfree of chargewith aplan
to offer anonymized datato pharmaceutical companiesto recoup
their initial investment [11]. These schemeswere hugely popular
with GPs and this, coupled with remuneration changesin 1990,
resulted in an exponential growth in the number of GP practices
using computerized systems [9]. While <5% of GP practices
used electronic recordsin the early 1980s, thisincreased to 80%
in 1992 as government incentives continued [9] and by 1996,
96% of general practices used computerized record systems
[11].

Evolving Functions of the Electronic
Record

While the functions of the paper-based patient record expanded
slowly over the centuries, the computerization of medical
records in primary care has opened up a wealth of additional
functionality. The functions of the el ectronic patient record can
be roughly categorized into clinical, administrative, and
statistical, athough there is some degree of overlap. The
electronic record continuesto be used primarily asaclinician’'s
aide memoir, enabling primary care staff to see what was
discussed at previous appointments or refer to alist of patients
current and previous medical problems. Clinical tasks, such as
prescribing, have become easier, safer, and more cost-efficient
aselectronic record systems can flag allergies, contraindications,
potential drug interactions, and suggest lower cost-generic
alternatives. Some electronic record systemslink to knowledge
databases, such as the National Institute of Health and Care
Excellence Clinical Knowledge Summaries, or provide handy
links to patient information leaflets such as those hosted on
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“patient.info.” Computerized records make it easier to ensure
patients are followed up in atimely manner through the use of
a“recall” function. Clinical audits can be carried out at the push
of a button, enabling clinicians to ascertain how patient care
can be improved, or identify patients who are slipping through
the net.

In addition, administrative tasks are now vastly less
labor-intensive. Keeping an up-to-datelist of patients containing
accurate demographic and clinical information no longer
requires meters of filing cabinet; letters to patients and other
specialties can be prepopul ated with important information from
a patient’s record; and patient record transfers between GP
surgeries is now increasingly an electronic process. Moreover,
electronic record systems are used in the financial management
of practices, for purposes such as securing reimbursement,
budget planning, and reducing costs. Furthermore, the el ectronic
patient record system can be used to enable secure
communication between members of staff, reducing the risk of
tasks being left undone and with the added benefit of an audit
trail.

Computerized primary care records also provide a wealth of
statistical information. The UK government has long seen the
potential value of collecting such information [10], and there
have been ill-fated attempts to monetize thisinformation in the
past by private companies [11]. The early GP computer
enthusiasts designed computer systems to collect
epidemiological data, and this tradition has continued to this
day. Research using the Clinical Practice Research Datalink,
which holds data on over 11.3 million patients from 674 UK
practices [12], has resulted in a multitude of improvementsin
patient care and over 1800 scientific publications [13]. There
is a growing interest in using machine learning approaches to
define disease phenotypes in electronic primary care health
records [14] while others are using statistical techniques used
in astrophysics to develop predictive models of disease from
the Clinical Practice Research Datalink [15].

In addition, the patient record can now be used by cliniciansto
send referrals directly to secondary care. Standardizing
information flow between referrer and service provider is
becoming an increasingly important function of clinical systems.
A 2016 audit of suspected cancer referralsin Leeds found that
only 48% were completed with the minimum required clinical
information; this can lead to a delay in investigation and
diagnosis. By leveraging existing functionality within
SystmOne, the “DART” project to streamline the referrals
process led to 100% of forms completed correctly within 3
months of introduction [16].

Projects such as “DART” illustrate how clinical systems have
the potential to both improve patient safety and free-up much
needed clinical resources. However, someinitiativesto improve
patient outcomes by harnessing the functionality within clinical
systems may conversely have a detrimental impact on GP
workload. The 2016 King's Fund report aimed at
“Understanding pressures in genera practice” [17] cited the
potential for new preventive servicesto impact the GP workload
negatively. Preventive services (such as monitoring of chronic
disease) have largely been made possible by recent advances
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in clinical systems. However, by linking chronic disease
management functions to Quality and Outcomes Framework
targets, there is an inevitable pressure for a huge amount of
information to be manually read-coded within therecord. Failure
to do so can have a direct impact on practice income. Mindful
of thesetensions, it would seem imperative that futureinitiatives
to use clinical systems to improve patient outcomes must take
great care not to impact a clinician’s workload adversely.

Enabling Patients’ Access to Their Own
Records

Throughout history, the medical record has traditionally
primarily served clinicians and served patients only indirectly.
Theideaof enabling patientsto have full accessto their medical
record, however, is not entirely new. For example, in 1973,
Shenkin and Warner noted,

Dissatisfaction with the functioning of the medical
care system has become widespread. Four serious
problems are maintaining high quality of care,
establishing mutually satisfactory physician-patient
relations, ensuring continuity and avoiding excessive
bureaucracy. We believe these problems could be
alleviated, in part, if patients were given copies of all
their medical records. [18, p 688]

Early proponents of granting patients open access to their
primary care record included GPs from Balsall Health Centre
in Birmingham who started enabling patientsto accesstheir full
primary care record in 1977 [19], and GPs from Wells Park
Road Practice in London who enabled full access from 1983
[20]. Reviews of the impact of promoting such access have
shown beneficial effects and minimal risks [21].

The introduction of the Data Protection Act in 1998 gave
patientsthelegal right to accesstheir health records[22], setting
the scenefor changesto come. While the patient records aspect
of the NHS Connecting for Health 2004/2005 business plan
focused mainly on providing asingle electronic record for health
professionals across hospitals, primary care, and community
services, it introduced a very limited degree of interactivity
through the “chose and book” service [23]. At the same time,
however, private companieswere devel oping servicesthat would
enable patients to access their own electronic primary care
record securely. In 2003, a private company started installing
kiosks in GP surgeries that enabled patients to use fingerprint
and pin authentication to gain accessto their full GP electronic
record [24]. By 2006, around 5000 patients had accessed their
recordsin thisway, and it was also possible to gain Web-based
record access from home [24]. In 2007, the NHS introduced
HealthSpace, a Web-based personal electronic health record,
which enabled peopleto enter their health information and gain
secure access to the summary care information in their GP
record [25].

In 2010, the Department of Health outlined their vision of an
information revolution incorporating Web-based access, giving
peoplemore control over their health care and improving choice
[26]. The sameyear, the Royal College of General Practitioners
published guidelines on enabling patients to access their
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electronic health records[27] and later published amore detailed
“Road Map” on this topic [28]. Despite the British Medical
Association’s concerns [29], the idea of Web-based patient
access was how firmly on the UK government’s agenda, and in
2014, the National Information Board published a framework
for action incorporating a vision stating,

In 2015, all citizens will have online access to their
GP records and will be able to view copies of that
data through apps and digital platforms of their
choice...it isessential that citizens have accessto all
their datain health and care, and the ability to ‘write’
into it so that their own preferences and data from
other relevant sources, like wearable devices, can be
included... Thisframework prioritises comprehensive
access—with the ability for individualsto add to their
own records—by 2018. [30, p 21]

Providing patients with the ability to write in their own health
record will facilitate the collection of Patient-Reported Outcome
Measures as advocated by Gensheimer et a [31].

The Impact of Web-Based Access to
Records

In 2012, to ascertain the impact of enabling patients to access
their primary care record online, the Department of Health
commissioned a systematic review of the evidence, supported
by the Royal College of General Practitioners [32,33]; the
review identified 17 randomized controlled trials, cohort, or
cluster studies and summarized both the benefits and challenges
of providing patients Web-based access to their record.

Potential Benefits of Web-Based Access

Providing patients with Web-based access to their record has
been shown to benefit both patients and clinicians. Web-based
access enables patients to book appointments online, request
repeat prescriptions, and view test results, letters, problemslists,
and free-text GP entries[34], although there are wide variations
in the degree of access provided by GP surgeries[35]. Patients
who use Web-based access report higher levels of satisfaction
[36] and improved communication with health care professionals
[32]. Benefits to patients include being able to use the
Web-based record as an aide memoir and help them preparefor
their next appointment [35,37]. Patients like the convenience
of Web-based access, stating that it saves time and money, and
reducesthe number of telephone calls and appointmentsrequired
[32,35]. In addition, Web-based access can be empowering and
increase patients’ feelings of autonomy, with one study noting
that 77%-87% of patients with Web-based access feel morein
control of their care [38]. Other benefits include enabling
patients to share their records with family members or other
health care providers, or to appoint aproxy to accesstheir record
[33]. Web-based access benefits both patients and cliniciansin
other ways such as improving self-care, increasing the uptake
of preventive services, and enabling patientsto spot medication
errors and have them corrected [32]. The use of Web-based
Patient-Reported Outcome M easures built into the patient record
increases patients’ confidence in managing their condition and
has been shown to reduce remission rates for conditions such
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asinflammatory bowel disease[39]. One study found that 70%
of clinicians reported Web-based access improved trust,
strengthened rel ationships, and enhanced decision making [38],
while another found it reduced the annual number of visitsand
telephone calls [40].

Challenges and Potential Negative Consequences

Despite the many benefits of enabling patients to access their
record online, there are also anumber of associated challenges.
Clinicians have been especially resistant to opening up patient
records for Web-based access owing to concerns that it will
lead to an increased workload, cause unnecessary anxiety among
patients, increase the likelihood of litigation, or challenge the
current primary care business model [33]. Other concernsrelate
to security and confidentiality, equality issues (eg, literacy and
internet access), risk of coercion, and information technology
system compatibility [28]. The evidence regarding the impact
of Web-based access on the clinicians' workload is currently
mixed, but thereisinevitably anincreasein the workload in the
early transitiona stage, including activities such as staff training
[32]. As the patient record was not initially designed to be
viewed by patients, the manner in which clinicianswritein the
notes will have to change if they are to be easily understood by
alay audience. One study, for example, noted that up to 36%
of clinicians changed the record content to allow for Web-based
access, and up to 21% reported spending more time writing
notes [38]. Despite clinicians' concerns regarding Web-based
access causing anxiety among patients, leading to an increased
risk of litigation, or data security breaches, a review of the
studies, to date, has found little evidence these concerns are
realized [33]. Thereis some evidence, however, that Web-based
access could potentially lead to increases in health inequalities
as those using Web-based access are more likely to be white,
female, and middle class [32]. Although one might expect
Web-based access to increase patient activation and, thus,
improve health outcomes, less activated patients may be less
likely to take advantage of Web-based access [41], thus
potentially exacerbating health inequalities. Disappointingly,
reviews of the literature, to date, reveal alack of evidence for
the impact of Web-based access on health outcomes [32,33],
although an up-to-date systematic review is under way [42].

Acknowledgments

McMillan et al

Future Directions

We are still some way from realizing the National Information
Board's vision of al UK citizens having read and write access
to their full primary care record through a variety of digital
platforms that enable them to upload data from wearable
devices. Enabling such read and write access could help GPs
improve their understanding of the effect of disease and
treatment on the everyday lives of patients [39]. The majority
of GP practices offering Web-based access do so in a limited
way, and athough there are some notabl e exceptions[43], most
do not allow access to the clinicians' free-text entries [44]. As
De Lusignan et a noted, there is a need for further research to
determine“ how the medical record might be redesigned to guide
and teach patientsin away that promotes self-management and
ultimately improves health” [33] (p 7). Such research should
be multidisciplinary, drawing upon expertise from fields beyond
medicine such as health psychology and human-computer
interaction. We need to engage with health economists to
ascertain the full economic potential of Web-based access and
the impact it may have on the primary care business model.
Although some studies using self-report measures exist
[35,37,45], further research is also needed to examine how
patients actually interact with their Web-based record and the
functionality they would like to see. The impact of Web-based
access on the patient-clinician relationship and the power
dynamic is also worthy of further investigation, especially with
regards to the impact of enabling access to the full free-text
record. All of these issues underlie what must be our prime
concern, and something for which the evidence is still limited,
that is, how we can harness the potential of Web-based access
to improve health outcomes. Patients' expectations regarding
access to their health information are changing, and the newly
introduced General Data Protection Regulations [46] will
undoubtedly shift the conversation further toward full
unrestricted Web-based access. Clinicians will need to change
how they view the patient record and learn to work with systems
providers and patients to help instigate changes that will lead
toimproved health outcomes and increased savingsfor the NHS.
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Abstract

Background: Depression affects approximately 60% of people with aphasia 1 year post stroke and is associated with disability,
lower quality of life, and mortality. Web-delivered mental health (e-mental health) programs are effective, convenient, and
cost-effective for the general population and thus areincreasingly used in the management of depression. However, it isunknown
if such services are applicable and communicatively accessible to people with poststroke aphasia.

Objective: The aim of this study was to identify freely available e-mental health programs for depression and determine their
applicability and accessibility for people with poststroke aphasia.

Methods: A Web-based search was conducted to identify and review freely available e-mental health programs for depression.
These programs were then evaluated in terms of their (1) genera features via a general evaluation tool, (2) communicative
accessibility for people with aphasia via an aphasia-specific communicative accessibility evaluation tool, and (3) empirical
evidence for the general population and stroke survivors with and without aphasia. The program that met the most general
evauation criteria and aphasia-specific communicative accessibility evaluation criteria was then trialed by a small subgroup of
people with poststroke aphasia.

Results: A total of 8 programs were identified. Of these, 4 had published evidence in support of their efficacy for use within
the general population. However, no empirical evidence was identified that specifically supported any programs’ use for stroke
survivors with or without aphasia. One evidence-based program scored at least 80% (16/19 and 16/20, respectively) on both the
general and aphasia-specific communicative accessibility evaluation tools and was subject to apreliminary trial by 3 people with
poststroke aphasia. During this trial, participants were either unable to independently use the program or gave it low usability
scores on apost-trial satisfaction survey. On this basis, further evaluation was considered unwarranted.

Conclusions: Despite fulfilling majority of the general evaluation and aphasia-specific evaluation criteria, the highest rated
program was still found to be unsuitable for people with poststroke aphasia. Thus, e-mental health programs require substantial
redevelopment if they are likely to be useful to people with poststroke aphasia.

(J Med Internet Res 2018;20(12):€291) doi:10.2196/jmir.9864
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Introduction

Background

Aphasiaisalanguage disorder that canimpact aperson’sability
to understand and produce spoken language, read, write,
calculate, and use gestures [1]. It is an acquired neurological
condition that results from brain damage and occurs in
approximately 30% of first-time strokes [2,3]. The
communication changes experienced by individuals with
poststroke aphasiamay cause social exclusion, diminished socia
networks, activity limitations, reduced life participation, and
lower quality of life [4-6]. Depression affects about one-third
of stroke survivors without aphasia [7,8] and approximately
60% of stroke survivors with aphasia 1 year post stroke [3].
Negative emotional outcomes after stroke are associated with
disability, lower quality of life, and mortality [8]. Hence,
poststroke depression isapressing clinical issue for those with
poststroke aphasia.

Talk-based psychological interventions, such as cognitive
behavioral therapy (CBT), are widely recommended in the
treatment of depression [9-11]. However, a lack of suitably
trained professionals, barriers related to cost, distance to care,
transport, physical disability, time constraints, stigma, and
impaired mobility make psychological interventions relatively
inaccessibleto many in need [12-16]. Significant communication
disability may al so prevent people with poststroke aphasiafrom
participating in traditional talk-based psychological treatments
[17]. For example, arecent study found that speech pathol ogists
in the United Kingdom often perceived mental health
professionals as being underskilled in working with people with
poststroke aphasia and that thiswas amajor barrier to referring
aphasia patients onto mental health professionals [17]. It is
acknowledged that during face-to-face communication, people
with aphasia can make use of gesture, facial expression, sign,
tone of voice, etc, to help understand others and to get their own
message across. Although these communication supports are
not offered by e-mental health interventions, there are still many
examples of people with poststroke aphasia successfully
accessing Web- and computer-based programs and interventions
[18-20].

e-mental health isadigital form of mental health care and may
offer asolution to the accessibility issues of face-to-face therapy
commonly encountered by the general population. e-mental
health services provide treatment and assistance to people
suffering from menta illness via digital platforms such as
computers and Web-based programs [21]. The term e-mental
health encompasses both e-mental health literacy, whichisthe
provision of information pertaining to the nature and treatment
of mental health illnesses, and e-mental health programs, which
are structured self-help programs designed to treat or prevent
mental health disorders via an interactive interface [22].

In the context of e-mental health, accessibility refersto the ease
with which patients can utilize the health care service in
proportion to their needs, as well as the usability of the actual
technology through which that service is provided [23]. The
increased accessibility and convenience offered by e-mental
health programs may enable patients to surpass the barriers

https://www.jmir.org/2018/12/€291/
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associated with limited services, transportation, time, cost, and
stigma [13,21]. Thisincreased accessibility may be especially
beneficial for patients with poststroke aphasia because of the
high incidence of both mood disorders [8] and physical
impairment [24] after stroke.

There is a large body of research that supports the use of
e-mental health programsfor depression; however, thisresearch
is generally limited to patients with depression who are
otherwise healthy. Although 1 study reported preliminary
evidencefor computerized CBT (cCBT) in reducing depressive
symptoms in people with traumatic brain injury [25] (a
population that may also present with acquired communication
deficits including aphasia [26]), patients with “insufficient
English language skills” were excluded. Thus, such findings
cannot be generalized to people with poststroke aphasia.
Furthermore, arecent feasability randomized control trial (RCT)
of a cCBT intervention for stroke survivors concluded that
guided cCBT could potentially increase the accessibility of
psychological support for stroke survivors [27]. However, the
participants did not specifically have poststroke aphasia, and
the communi cative needs of stroke survivorswith aphasiadiffer
from those without. To the best of the authors' knowledge, these
are the only 2 studies that have investigated e-mental health
programs directly in people with an acquired brain injury.
Therefore, it is not yet known whether such services, and the
digital technologies through which they are delivered, are
communicatively accessible to people with poststroke aphasia.

Objectives

Previously, a scoping review identified and evaluated currently
available eemental health interventionsfor depression[28]. This
review also acknowledged alack of e-mental health programs
for special populations and recommended that future studies
investigate the accessibility needs of such populations so that
adequate treatment can be made available to them. To the
authors' knowledge, no study has explored e-menta health
treatment in terms of its suitability for people with depression
and concurrent poststroke aphasia. Thisistheaim of thisstudy.

Specific objectives were to (1) evaluate the general features of
each program, (2) review the published evidence of each
program for the genera population and for stroke survivors
with and without aphasia, (3) evaluate each program’s
communicative accessibility for peoplewith poststroke aphasia,
and (4) determine which e-mental health program(s) may be
most suitable for people with poststroke aphasia. It should also
be noted that this study did not aim to evaluate how
psychotherapeutic concepts, such asCBT principlesand abstract
concepts, were presented to users in the context of a broader
psychotherapeutic community.

Methods

Scoping Review

In al, 2 previous scoping reviews that evaluated available
e-mental health interventions for depression [28] and anxiety
[29] within the general population were used asthe basis of the
methodology for this review. The authors aimed to simulate a
Web-based search that would likely be carried out by a person

JMed Internet Res 2018 | vol. 20 | iss. 12 |€291 | p.65
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

with poststroke aphasia seeking free Web-based treatment for
depression.

Search Strategy

A Web-based search for emental health interventions for
depression was conducted in July 2017. Consistent with previous
scoping reviews [28,29], the search engine Google was used
for the Web-based search. Prior research has found that people
often use search engines, particularly Google, when seeking
Web-based health information [30,31]. Hence, people with
poststroke aphasia are more likely to find publicly accessible
e-mental health programs viasearch engines rather than through
academic resources such as journal databases. The Web-based
search consisted of 2 stages. (1) a general Web-based search
for emental health treatment for depression and (2) aWeb-based
search for emental health depression treatments for stroke
survivorswith and without aphasia. A total of 12 general search
termswere used in thefirst stage of the Web-based search; they
consisted of simple, lay keywordsand did not include thewords
“stroke” or “aphasia” As the most recent E-mental Health
Strategy for Australia specifies the Government’s investment
in Web-based CBT programs[21], many of these search terms
relate to CBT. During stage 2 of the Web-based search, the
authors collaborated with an academic advisory group,
consisting of clinicians and academics who work with people
with poststroke aphasia, to generate a set of search terms they
thought a person with poststroke aphasiamight useif searching

Clunneet a

for Web-based treatment for depression. These search terms
were then combined with the general search terms in stage 1
that yielded the most results. Thisresulted in 6 aphasia-specific
search termsthat were used in stage 2 of the Web-based search.
All 18 search terms are included in Textbox 1.

Program Screening

Consistent with a previous scoping review [29], the first 25
hyperlinks generated by each search term were screened. This
methodol ogy was replicated becauseit has been found that 75%
of users never scroll past the first page of search results [32].
This resulted in 450 hyperlinks being screened. All 450
hyperlinked websiteswere recorded in an Excel document and,
as done in a previous scoping review [29], categorized as (1)
websites with e-mental health programs; (2) websites linking
to websites with e-mental health programs; and (3) websites
with irredlevant content. Irrelevant content included
advertisements, scholarly articles, blogs, websites for
face-to-face psychology clinics, chatrooms, and support forums.
All websites classified as“irrelevant content” and all duplicates
identified within the first 2 categories were removed. The
remaining hyperlinked websites were then screened using the
following inclusion criteria: (1) designed for depressive
symptoms in adults; (2) publicly accessible to the general
population viatheinternet; (3) isastructured, self-management
program; and (4) free for Australian residents.

Textbox 1. Search terms used in stage 1 and stage 2 of the Web-based search.

Stage 1—general search terms

« Internet therapy for depression

« Internet treatment for depression

« Internet help for depression

« Internet cognitive behavioral therapy for depression
o Web therapy for depression

o Web treatment for depression

o Web help for depression

«  Web cognitive behavioral therapy for depression
o Onlinetherapy for depression

e Onlinetreatment for depression

«  Onlinehelp for depression

«  Online cognitive behavioral therapy for depression

Stage 2—aphasia-specific search terms

o Onlinetherapy for depression aphasia

o Onlinetherapy for depression after stroke

o Onlinetreatment for depression aphasia

o Onlinetreatment for depression after stroke

«  Online cognitive behavioral therapy for depression aphasia

«  Online cognitive behavioral therapy for depression after stroke
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Websites were excluded if they (1) provided e-mental health
literacy only; (2) offered purely Web-based counseling; (3) were
designed for specific populations other than stroke survivors
with or without aphasia (ie, adults who stutter); (4) were
designed exclusively for adolescents and/or young adults (ie,
25 years or younger); or (5) were not available in English. As
some programs required users to complete a depression
symptom questionnaire to determine whether the program was
suitable for the user before creating an account, the authors
contacted all program devel opers asking for research accessto
the program. Programs were excluded if research access was
not granted.

Data Extraction and Evaluation of Programs

Inall, 3 separatetoolswere used to collect and eval uate the data
from each program: adataextraction form, ageneral evaluation
tool, and then an aphasi a-specific evaluation tool. The authors
used the data extraction form to extract relevant information
and data from each program, which then underwent evaluation
using the general evaluation and the aphasia-specific evaluation
tools. The categories within both the generad and
aphasi a-specific eval uation tool s contained a set of closed choice
(“yes’ or “no”) questions. A score of 1 was awarded if the
guestion was answered with a“yes’; ascore of 0 was awarded
if the question was answered with a “no” or could not be
evauated (ie, dueto restricted accessto the program). Consistent
with previous scoping reviews[28,29], thetotal numerical score
for each captured program was converted into a percentage,
with higher percentages representing higher levels of criteria
fulfillment.

Data Extraction

With permission from the authors, the data extraction form used
in a previous scoping review [29] was adapted for use in this
study (see Multimedia Appendix 1). For each e-mental health
program, data were extracted for the following categories:
website characteristics (ie, origin, organizational affiliation,
general accessibility and credibility), program characteristics
(ie, intervention focus, design, and delivery), intervention
characteristics (ie, therapeutic approach and intervention
features), and empirical evidence for program efficacy within
the general population as well as for stroke survivors with and
without aphasia.

To determine empirical evidence for each program, the authors
scrutinized each website for relevant information and searched
the program’s namein each of the foll owing databases: PubMed,
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Cochrane Library, and Web of Science. If these
methods failed to identify published evidence, the authors
contacted the program’s devel opers to enquire about program
efficacy. Data extraction was completed by the first author
during July 2017.

General Evaluation Tool

The general evaluation tool was used to evaluate each e-mental
health program in terms of its genera features (ie, website,
program and intervention characteristics) and empirical evidence
(see Multimedia A ppendix 2 for completed form). It was based
on the program evaluation criteria used in a previous review
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[29]. With permission from the authors, the original evaluation
tool was adapted by adding in the following questions:

1. Was amobile app version of the program available?
2. Did the program send completion reminders?
3. Were text-entry fields present?

Aphasia-Specific Evaluation Tool

The aphasia-specific evaluation tool was developed by the
authors to assess each program in terms of its communicative
accessibility for peoplewith poststroke aphasia (see Multimedia
Appendix 3 for the completed form). The evaluation criteria
within this tool were based on existing aphasia-friendly
guidelines for printed materials and accessibility features of
related products [33-35], aswell as usability considerationsfor
older people (ie, simple menu hierarchies and text that contrasts
the color of the background [36]). The aphasia-specific
evaluation criteria contain 7 main categories. vocabulary and
syntax, screen clarity, formatting, graphics, navigation, interface
design, and mediatype. Vocabulary and syntax were evaluated
by determining the readability level of the text, according to
the Flesch-Kincaid reading grade levels [37]. This was done
electronically by copying and pasting al text from the first
module or session of each program into a Microsoft Word
document. One program (myCompass, The Black Dog I nstitute)
did not require modules to be completed in a specific order.
Therefore, readability was based on the Tackling Unhelpful
Thinking module, as it was described to be useful for anyone
with mild to moderate depression. Text written at level 5
readability or lower was considered to be appropriate for people
with poststroke aphasia, as per the Stroke Association’s
Accessible Information Guidelines [38]. An example of text
written at or below a level 5 readability level when presented
asa3-lined paragraph isasfollows: A stroke can cause aphasia.
People with aphasia are still smart. People with aphasia can
still solve problems. Font size was determined by selecting text
on the webpage and using the right click inspect function. A
ruler was used to physically measure the amount of white space
between lines of text as presented on a 15.6-inch (40-cm) laptop
screen at 100% zoom. Spacing of 4 mm or morewas considered
adequate for people with aphasia, as it is equivalent to the
amount of white space measured between the lines of Times
New Roman typeface set at 1.5 line spacing. The presence or
absence of aphasia-friendly design characteristics, such as the
use of bullet points and numbering to establish key points, the
use of headings to make important information stand out, and
the use of bolding to highlight important information, was also
determined.

Accessibility Test
Participants

Participants were recruited through a speech pathology
intervention clinic operating at The University of Queensland.
All members attending a weekly aphasia group were invited to
participate in the study. People with aphasiawho were aged 18
years and older, had sufficient knowledge of English language
to participate without a translator, and had adequate vision for
reading were invited to participate. The exclusion criteriawere
asfollows: presence of aconcomitant progressive neurological
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condition (eg, dementia) or a concurrent medical condition
impacting their mental health (eg, cancer) as confirmed by
self-report.

Materials

Computer Use Survey

A computer use survey was used to determine participants’ level

of computer use before and after aphasia, aswell astheir reasons
for using a computer. This survey was created for a separate
study that explored computer use by people with aphasia[39].
With permission from its publishers, this survey was adapted
by asking participants if they currently or previously used a
computer for the treatment of mental health difficulties and
which programs they used. Furthermore, questions about
computerized speech therapy programs and participants’ likes
and didlikes about using a computer in general were removed.

Observation Form

An observation form was developed to rate each participant’s
level of independence using the selected e-mental health
program. Independence wasrated for 6 main categories: logging
in to a premade account, navigating the program, reading and
understanding text, compl eting interactive activities, completing
exercises, and finishing the session. The checklist used a 5-point
scalewhere 1=not at al independent, 2=minimally independent,
3=moderately independent, 4=mostly independent, and 5=totally
independent.

Satisfaction Survey

A satisfaction survey was developed to evaluate participants
satisfaction with using the e-mental health program, including
its accessibility and ease of use. The survey consisted of 16
guestions and statements for which participants answered using
a5-point rating scale (1=no, definitely not; 2=no, | don’t think
so; 3=neutral; 4=yes, | think so; 5=yes, definitely so). There
were also opportunities for participants and their family
members to add comments about the program.

Procedures

Ethical approval was granted by The University of Queensland
Human Research Ethics Committee. All participants provided
written informed consent before participation. Participants
completed the computer use survey with assistance from their
family member, carer, or research assistant, as needed.
Individually, each participant then completed 1 module of the
selected e-mental health program on a desktop computer. The
research assistant observed each participant trialing the e-mental
health program while completing the observation form. The
research assistant also provided support to the participants by
reading aloud informative text, reading aloud instructions,
showing participants where to click/type, re-explaining
instructions, controlling the mouse, and/or typing for the
participants, as required. After trialing the e-mental health
program, each participant completed the satisfaction survey
with assistance from their family member, carer or research
assistant, as needed. Each trial session was video-recorded and
rewatched by the research assistant to confirm observations that
had been made.
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Results

Scoping Review

Program Selection

Intotal, 43 websiteswith e-mental health programs, 30 websites
linking to websites with e-mental health programs, and 377
irrelevant websiteswereidentified. After duplicate and irrelevant
websites were removed, 41 websites remained, which yielded
44 individual programs. Of those programs, 8 programs met
the inclusion and exclusion criteria. Figure 1 depicts the flow
diagram for the program selection process, including reasons
for exclusion and the final 8 programs reviewed. The authors
were not granted full access to one of the included programs
(the Wellbeing Course; MindSpot), and therefore evaluated this
program using a“demo” version of the course that is available
for practitioners.

Data Extraction

An overview of the programs website characteristics, program
characteristics, and intervention characteristics can be foundin
Multimedia Appendices 4-6.

Two programs purely targeted depressive symptoms
(OnTrack—Depression; Queensland University of Technology,
and Depression Center 4.0; Evolution Health). The program
OnTrack—Alcohol and Depression (OnTrack—AD; Queensand
University of Technology) focused on depression with comorbid
alcohol problems. The remaining 5 programs were reported to
be designed for people with either depression with or without
other conditions, including anxiety, anger, worry, stress and
low mood, as well as emotional difficulties related to divorce,
separation, bereavement, and loss. One program (myCompass;
Black Dog Institute) specified user suitability criteria, whilethe
remaining programs gave general information about whom the
program would be appropriate for. All programs specified that
they were designed for adult users, with 2 programs defining a
specific agerangefor users; one being between 26 and 64 years
(the Wellbeing Course) and the other being between 18 and 75
years (myCompass). In its program suitability criteria,
myCompass specified that users should be ableto “read English
with ease” Furthermore, 3 programs had the option to send
completion reminders to users via email or text message
(myCompass, OnTrack—AD, and OnTrack—Depression).

All but 2 programs provided unguided therapy. One of the
guided programs provided userswith free support from atrained
therapist via telephone or email (the Wellbeing Course). The
user could chooseto receive this support weekly or could choose
to contact the therapist whenever he or she wished. It was not
clear whether the therapist support was optional or whether the
user had to contact the therapist at some point, and an attempt
to contact the program’'s developers was unsuccessful in
obtaining this information. The other guided program
(Depression Center 4.0) included a Questions to the Expert
section, where users could submit questions to be answered by
a clinical psychologist. This program also contained forums
that were moderated by health educators.
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Figure 1. Flow diagram of program selection.
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All programs claimed to employ CBT, an approach that helps
people to identify and challenge negative thought patterns and
learn practical self-help strategies[9]. In addition, 3 programs
also used interpersonal therapy (e-couch by e-hub Health;
Moodgym by e-hub Health; and myCompass), a talk-based,
time-limited treatment approach that targets symptom resolution,
increased social support, and improved interpersonal functioning
[40]. Furthermore, 2 programs employed problem-solving
therapy (e-couch and myCompass), a treatment approach that
focuses on constructive problem-solving skills and attitudes to
help individual s cope more effectively with life's stressors[41].
Positive psychology, which focuses on one's positive
experiences and qualities rather than on situations and qualities
that cause suffering, was also used by 1 program (myCompass)
[42], whereas 2 programs (OnTrack—AD and OnTrack—
Depression) included meditational mindfulness, an approach
that uses aspects of meditation to facilitate self-regulation of
attention and help users adopt an accepting outlook on their
experiences [43].
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Empirical Evidence

Empirical Evidence for Program Efficacy Within the
General Population

Aninitial search through al the programs websitesfor research
evidence identified 2 published articles reporting on program
efficacy for depression for Moodgym [44] and myCompass
[45]. A database search in PubMed, CINAHL, Cochrane
Library, and Web of Science yielded 9 more published research
articlesinvestigating e-couch [46-48] and the Wellbeing Course
[49-54]. The authors contacted the devel opers of the remaining
programs to enquire about program efficacy. In response, the
authors received unpublished data investigating the efficacy of
2 programs (OnTrack—AD and OnTrack—Depression; personal
communication by J. Connolly, August 2017). Only the highest
level of evidence for each program was reviewed according to
the National Health and Medical Research Council’s evidence
hierarchy [55]. For example, if an RCT was identified for a
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program, lower level evidence (eg, a case-control study) for
that same program was not reviewed. There was, however, an
exception to this, whereby an RCT evaluating Moodgym was
reviewed despite there being a meta-analysis available for this
program, as the RCT included participants with stroke [56].
Table 1 outlinesthe highest level of published evidencefor each
program.

Empirical Evidence for Program Efficacy After Stroke
and/or for People With Poststroke Aphasia

No studieswerefound that evaluated efficacy of use specifically
for stroke survivors with or without aphasia. Dueto atechnical
error in the research portal, 1 RCT included in Moodgym's
meta-analysis unintendedly recruited a number of participants
who were later found to have a brain injury or stroke or who
wereaready receiving CBT treatment for bipolar disorder [56].
This RCT used an attention-control (e-menta health literacy
package) and reported improvements in depression in both the
intervention and attention-controlled groups but no significant
differencesbetween groups[56]. It is unknown how many stroke
survivors participated, as they could not be differentiated from
those with brain injury or those receiving CBT for bipolar
disorder (personal communication by J. Schneider, September
2017). One of the RCTsfor e-couch included participants with
a previous doctor's diagnosis of heart disease, stroke, or
hypertension [46]. This RCT reported improvements in
depressive symptoms after completing the e-couch program
[46]. A total of 15 out of 562 participants were stroke survivors,
but there were no data regarding the inclusion of people with
aphasia (personal communication by N Glozier, September
2017). These were the only studies that included participants
with known long-term health conditions. Neither of these studies
completed subgroup analysis.
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Results From the General Program and
Aphasia-Specific Communicative Accessibility
Evaluation Tools

The overall scores and corresponding percentages from the
general evaluation and aphasi a-specific evaluations are outlined
in Table 2. General program eval uation scoresfor each criterion
within the general evaluation tool and aphasia-specific
communicative accessibility evaluation tool are available in
Multimedia Appendices 2 and 3, respectively. General program
evaluation scores ranged from 26% (5/19; getselfhelp; Carol
Vivyan) to 84% (16/19; OnTrack—AD, Moodgym, and
myCompass; mean: 71% [SD 18.1]). Aphasia-specific
communicative accessi bility evaluation scoresranged from 55%
(11/20; getselfhelp) to 85% (17/20; OnTrack—AD; mean: 72%
[SD 9.3]). AsMoodgym was the only evidence-based program
to score at least 80% on both the general evaluation and
aphasia-specific communicative accessibility evaluation tools,
it was selected to be trialed by people with poststroke aphasia
in the next stage of the study.

Results of Accessibility Test

Participant Demographics

A total of 3 participants with adiagnosis of poststroke aphasia
(2 females, 1 male) wererecruited. Participants’ demographics,
including what and how often they used a computer for pre-
and poststroke, areincluded in Table 3.

Observation Form

Thelevel of independence each participant demonstrated while
completing the first module of Moodgym, as observed by the
research assistant using the observation form, is available in
Table 4.

Satisfaction Survey

Participants’ satisfaction ratings of Moodgym, as well as their
comments about the program, are provided in Table 5.
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Table 1. Summary of highest level of published evidence for each program.
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Program and level of evi- Control group Sample size Findings Supportsuse Included
dence in genera people with
population  stroke
Moodgym (e-hub health)
| [44] (metaranalysis) /A2 11 studies Small effect sizeforimprov- b N/A
ing symptoms of depression.
Nonsignificant effect size
when adjusted for potential
publication bias.
I1[56] (RCT®—includ- ACY(online mental health 340 and 219 participants No significant difference  ye O
edinabovemeta-analy-  information package) completed the PHQ-9% ar 6 Detween Moodgym and AC
sis) and 12 weeks follow-up. in terms of psychological
outcomes or service use, a-
though improvement to sub-
threshold levels of depres-
sion seen in nearly half the
participants in both groups
at 6-week follow-up.
E-couch (e-hub health)
Il [46] (RCT) AC (online health informa- 487 participants completed  Small but robust improve- [ ad
tion package) the postintervention assesss ment in depression symp-
ment. tomsin treatment group rel-
ative to AC post interven-
tion.
11 [47] (RCT) Control website with de- 209 and 176 participants E-couch was effectiverela O X
layed access to e-couch completed the 6 and 12- tive to control at post inter-
month follow-up assess- vention but not at 6-month
ment. follow-up.
11 [48] (RCT) Moodgym 549 and 336 participants Significant reductioninde- O X
completed the postinterven-  pression symptoms at post
tion and follow-up assess-  intervention and 6-month
ments. follow-up for both e-couch’s
CBT' and IPTY modulesand
both were noninferior to
Moodgym.
myCompass (Black Dog I nstitute)
I1 [45] (RCT) AC and wLch 449 and 350 participants Reduction in depression g X
completed the postinterven-  symptoms relative to both
tion and 3-month follow-up.  control conditions post inter-
vention. Participantsin AC
group showed gradua reduc-
tionsin depression symp-
tomsduring postintervention
stage and scores did not dif-
fer from the myCompass
group at follow-up.
The Wellbeing Course (MindSpot)
I1 [49] (RCT) Mood Course 229 participants completed  Consistent reductionsin O X
the 24-month follow-up as-  p1ppl symptoms across
sessment. conditions post intervention
and 24-month follow-up.
I1 [50] (RCT) Wellbeing coursewithand 219 and 199 participants Reductionsin symptomsof [ X
without automated emails ~ completed the postinterven-  anxiety and depression rela-
compared with wLcK tion and 3-month follow-up tiveto WL C at post interven-
assessments. tion and 3-month follow-up.
I1 [51] (RCT) WLC 77 participantsintotal, 38 Reduced depression symp- [ X

of which had depression.

toms post intervention and
maintained at 3-month fol-
low-up.

https://www.jmir.org/2018/12/e291/ JMed Internet Res 2018 | vol. 20 | iss. 12 [e291 | p.71

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Clunneet d
Program and level of evi- Control group Samplesize Findings Supportsuse  Included
dence in general people with

population  stroke
I1[52] (RCT) Social Confidence Course 172 and 170 participants Consistent reductioninco- [ X
completed the postinterven- - morhid depression' symp-
tion and 24-month follow-  toms across conditions
up assessment. 87 of these  pogintervention and at 24-
participants had depression  onth follow-up.
symptoms
I1 [54] (RCT) The Panic Course 122 and 111 participants Consistent reductioninco- [ X
completed the postinterven- - morhid depression' symp-
tion and 24-month follow-  toms across conditions over
up assessment. 38 of these - 24-month follow-up.
participants met the diagnos-
tic criteriafor MDD.
I1 [53] (RCT) The Worry Course 282 and 260 ptscompleted  Consistent reductioninco- [ X
the postinterventionand 24-  yorpid depression' symp-
month follow-up 8ssess-  toms across conditions post
ment. 157 participantshad  jntervention and at 3-month
depression symptoms follow-up. Treatment
group’s depression symp-
tomsdlightly improved rela-
tiveto AC from 3- to 12-
month follow-up.
OnTrack—Alcohol and De-  N/A N/A N/A N/A N/A
pression (Queensland Uni-
versity of Technology)™
OnTrack—Depression N/A N/A N/A N/A N/A
(Queendand University of
Technology)™
Depression Center 4.0 N/A N/A N/A N/A N/A
(Evolution Health)™
Getselfhelp (Carol Vivyan)m N/A N/A N/A N/A N/A

3N/A: not applicable.

b yes.

®RCT: randomized controlled trial.
dAC: attention-control.

Cpatient Health Questionnaire-9.

X: no.

9CBT: cognitive behavioral therapy.
hpT: interpersonal therapy.

Devel oped specifically for the study.
IMDD: major depressive disorder.
KWL C: waitlist-control.

IDepr on as a secondary outcome.
"No published evidence.
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Table 2. Program evaluation scores and percentages.

Program General evaluation score (N=19), n (%)2 Aphasia-specific evaluation score (N=20), n (%)?
OnTrack—Alcohol and Depression 16 (84) 17 (85)
Moodgym 16 (84) 16 (80)
myCompass 16 (84) 13 (65)
OnTrack—Depression 15 (79) 16 (80)
Wellbeing Course (Demo version) 14 (74) 15 (75)
e-couch 13 (68) 15 (75)
Depression Center 4.0 13 (68) 13 (65)
Getselfhelp 5 (26) 11 (55)

3Percentages were rounded up/down to the nearest whole number.

Table 3. Participant demographic data.

Demographic characteristics Participant 1 Participant 2 Participant 3
Ageinyears 7 57 46

Time since stroke 3 years, 2 months 6 years, 4 months 6 years, 4 months
Severity of aphasia Mild Moderate Severe

Highest level of education University University and other University

Previous computer use/current computer use for:

Work Weekly/N/A Daily/N/A Daily/N/A
Writing letters Fortnightly/Fortnightly Weekly/Never Daily/Never
Household budgeting/financing Weekly/Weekly Weekly/Never Daily/Never
Photograph management Never/Weekly Monthly/Rarely Daily/Monthly
Home movie creation Never/ Never Never/Never Monthly/Never
PowerPoint creation Never/Never Weekly/Never Weekly/Never
Banking Weekly/Weekly Daily/Never Daily/Never
Email Daily/Daily Daily/Monthly Never/Never
Social media Never/Weekly Weekly/Fortnightly Daily/Daily
Skype Never/Never Monthly/Rarely Never/Never
General interest/web searching Never/Weekly Daily/Daily Daily/Weekly
Shopping Never/Weekly Monthly/Never Daily/Never
Entertainment Monthly/Fortnightly Weekly/Weekly Daily/Daily
Therapy—speech, language Never/Daily Never/Weekly Never/Never
Therapy—for MH difficulties Never/Never Never/Never Never/Never
Other Nil/Nil Nil/Nil Nil/Nil
Type of computer/s currently used Desktop, tablet, smartphone Tablet Tablet, smartphone
Needs help using a computer for: Setting up, getting into pro-  Setting up Setting up, getting into pro-
grams, using the computer, grams, using the computer,
turning computer off turning computer off

8N/A: not applicable.
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Table 4. Participants' levels of independence as assessed via the observation tool.

Clunneet a

Task and rating

Participant 1

Participant 2

Participant 3

L og into premade account
Enter log-in details
Click on thelog-in tab in upper right hand corner
Navigate program
Access the “Feeling Module’
Use scroll bar/arrowsto view all text on the page
Use side arrows to click onto next page
Read and under stand text
Read informative text
Read and correctly follow instructions

Completeinteractive activities

Click on the image /tab/link to access indicated infor-

mation
Complete exercises

Select yes/no answers during tasks/quizzes

Click on 'submit' to submit answers

Answer open-ended questions via text-entry field
Finish session

Log out of Moodgym

Exit out of Moodgym

Research assistant’'s comments

Minimally independent
Totally independent

Mostly independent
Mostly independent
Totally independent

Mostly independent
Minimally independent

Minimally independent

Mostly independent
Totally independent
Totally independent

Minimally independent
Minimally independent

Independently read informa-

Minimally independent
Totally independent

Mostly independent
Totally independent
Mostly independent

Not at all independent
Not at all independent

Minimally independent

Minimally independent
Minimally Independent
Not at all independent

Minimally independent
Totally independent
All text read aloud by re-

Not at all independent
Not at all independent

Not at all independent
Not at all independent
Not at all independent

Not at all independent
Not at all independent

Not at all independent

Not at all independent
Not at all independent
Not at all independent

Not at all independent
Minimally independent
All text read doud by re-

search assistant; difficulties  search assistant; mouse con-
completing yes/ no quizzes trolled by research assistant

tive text, but reading was
slow and effortful.
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Table 5. Results of satisfaction survey.
Question/statement in satisfaction survey Participant 1 Participant 2 Participant 3

1. Wasiit easy to login?

2. Did Moodgym look appealing?

3. Was the information worded in away that was easy to understand?
4. Were the instructions worded in away that was easy to understand?
5. Were the words and pictures clear on the screen?

6. Was the text style easy to read?

7. Was the text size easy to read?

8. Was there enough white space on each page?

9. Wasiit easy to find important information?

10. Did the pictures help you to understand the information?

11. Was Moodgym simple to use?

12. Could you use Moodgym without help?

13. Moodgym looked like it was devel oped for someone with aphasia
touse

14. Did you enjoy using Moodgym?
15. Overall, were you satisfied with Moodgym?
16. Overall, was Moodgym easy to use?

No—I don't think so Yes—I think so Yes—I think so

No—I don’t think so Neutral Neutral

No—I don't think so Neutral No—I don’t think so

No—I don’t think so Yes—I think so Yes—I think so

No—I don't think so Yes—I think so No—I don’t think so

Neutral Yes—I think so Yes—I think so

No—I don't think so Yes—I think so Neutral

Neutral Neutral Yes—I think so

Neutral Yes—I think so Neutral

No—I don’t think so Yes—I think so Yes—I think so

No—definitely not Neutral No—I don’t think so

No—definitely not No—definitely not No—definitely not

No—definitely not No—I don’t think so  No—I don't think so

No—I don’t think so Yes—I think so No—definitely not

No—I don’t think so Yes—I think so No—definitely not

No—I don’t think so Neutral No—definitely not

Comments made “Very complex language” “Onceit wasread out “Hard to understand”
and explained, it was
easy”
: : Consistent with previous findings in the literature, this stud
Discussion P d 4

Principal Findings

This scoping review identified 8 e-mental health programs for
depression that are freely available to Australian residents. Of
these, 4 programs (Moodgym, e-couch, myCompass, and the
Wellbeing Course) have been shown to reduce symptoms of
depression within the general population. No empirical evidence
was identified that specifically supported any programs’ use
for stroke survivors with or without aphasia. However, it was
found that e-couch and Moodgym had been evaluated using
RCT methodol ogy that included asmall number of participants
with stroke. Findings from a general and an aphasia-specific
eval uation indicated that Moodgym was the only evidence-based
program to score at least 80% (16/19 and 16/20) on both
evaluations, suggesting that it may be suitable for people with
poststroke aphasia. However, when trialing Moodgym, 2 of the
3 participants with aphasia required assistance for more than
half of the skills assessed on the observation form, and the other
participant who demonstrated higher levels of independence
still gave Moodgym low satisfaction and usability scoresonthe
posttrial satisfaction survey. Therefore, despite fulfilling
majority of the general evaluation and aphasia-specific
evaluation criteria, Moodgym was still found to be unsuitable
for people with poststroke aphasia. This also suggests that the
aphasia-specific criteriaused to initially assess communicative
accessibility may not have been sensitive enough to detect
suitability for people with poststroke aphasia and thus should
berevised if it isto be used in any future research.

https://www.jmir.org/2018/12/€291/

found that the programs' content was usually generic for all
users and that the programs themselves tended to be based on
CBT, either alone or in combination with other approaches
[28,29]. Thismay be explained by the fact that CBT isthe most
researched psychotherapy and one of the first forms of
psychotherapy to be established as evidence-based [57].
Furthermore, because of its structured protocols and ability to
bemanualized, CBT lendsitsalf well to self-help e-mental health
platforms [58]. This study also builds on the findings of the
previous scoping review on e-mental heath programs for
depression [28]. First, only afew programs were found to send
out completion reminders via email and/or text message. This
strategy has been found to increase adherence to medical
treatment [59] and may be especially useful for e-mental health
programs that tend to have high dropout rates [60]. Second, no
program was found to have a companion app able to be
purchased at an official Australian Apple or Android app store
at thetime of thisreview. Previousresearch investigating mobile
computing technology and aphasia [33] suggests that an
advantage of mobile computer appsistheir ability to be adapted
for people with disabilities. For example, buttons on touch
screens can be customized, unlike the physical mouse and
keyboard of desktop computers, and apps and touch interfaces
can be changed to suit users' vision and mobility needs, asthere
is no set button size [33]. This may be particularly relevant to
stroke survivors, who often face upper extremity motor
impairment post stroke [61]. Furthermore, mobile computer
devices such as the Apple iPad may offer more accessibility
options such as predictive text, switch control, and VoiceOver.
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While this review did not identify any new e-mental health
programs for depression released since the previous scoping
review [28], it did identify new empirical evidence for some of
the programs. Namely, this study identified a meta-analysis
supporting the efficacy of Moodgym [44] and RCTssupporting
the use of myCompass [45] and the Wellbeing Course
[49,52-54] by the general population. Unfortunately, this study
found that there is currently a lack of high-quality research
investigating the efficacy of e-mental health programsfor stroke
survivors with and without aphasia. Furthermore, the studies
that did include stroke participantsfailed to specify the presence
or absence of peoplewith poststroke aphasiawithin theincluded
stroke samples. This supports recent findings that people with
poststroke aphasia are often excluded or inadequately reported
on as a subsample within stroke populations in mental health
research [62]. As suggested by Baker and colleagues[62], it is
important that mental health studiesinclude aminimum dataset
for peoplewith poststroke aphasiaincluded in astudy (ie, report
number of people with poststroke aphasia and severity and
nature of communication difficulties) and conduct subgroup
analyses. Failureto do so will hinder the progression of research
for people with poststroke aphasia in this area. This is of
particular importance as the prevalence of psychological
conditions among people with stroke (with and without aphasia)
islikely to continue to increase alongside an aging population
[63,64] and accompanied increased incidence of stroke [65].

People with poststroke aphasia have previously been identified
asbeing victims of digital exclusion asaresult of their language
deficits, age- and stroke-related changes, and lack of premorbid
computer and internet skills often attributed to their generally
older age [33,66]. However, consistent with previous findings
[39], the results of the computer use survey indicated a high
level of computer usage by the participants with aphasia before
and after their stroke. This aligns with other research, which
suggests that tomorrow’s elders with disabilities will generally
have more access to and increased proficiency with wireless
technologies than their predecessors [67]. Thus, it can be
assumed that as technology continues to advance to meet the
growing needs of consumers, and asthe number of older adults
with digital literacy increases, it is likely that less people with
poststroke aphasia will face digital exclusion than in previous
years[67].

The communicative accessibility of the reviewed programs for
people with poststroke aphasia was initially evaluated against
an aphasia-specific evaluation tool. Aphasia-specific evaluation
scores ranged from 55% (11/20) to 85% (17/20), with only 3
programs scoring 80% or more (Moodgym, OnTrack—AD,
and OnTrack—Depression). Hence, these findings suggest that
whileall programsincorporated design features consistent with
published  aphasiafriendly  guidelines and  other
recommendations, the communicative accessibility of e-mental
health programs could potentially be improved to render these
programs more appropriate to people with poststroke aphasia.
Findings indicated that many programs might be improved by
greater use of visuographic supports. For instance, pictures,
which directly support the text, have been found to enhance
reading comprehension in people with aphasia [68,69]. For
example, it was noted that Moodgym’'s*“yes’ or “no” checkbox

https://www.jmir.org/2018/12/€291/
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quizzes, which did not contain pictorial support, were
particularly difficult for 1 participant with poststroke aphasia
to complete. Unreliable “yes’ or “no” responses is a common
symptom of aphasia [70]. Therefore, such exercises could be
made more aphasia-friendly by including pictoria supportssuch
asapicture of atick next to the “yes’ option and a picture of a
cross next to the “no” option for each item. It should also be
noted that poststroke aphasia can differentially affect one’'s
language modalities (speaking, understanding, reading, and
writing, etc) [71], resulting in people with poststroke aphasia
having different language “ profiles,” which may makeit easier
or harder for them to access e-mental health support. Therefore,
incorporating awider variety of mediatypes, including videos,
animation, graphics, and audio, would likely increase the
accessibility of the programs to meet the differing
communicative needs of people with poststroke aphasia.

Asassessed viathe aphasi a-specific communi cative accessibility
evaluation tool, this study found that none of the evaluated
programs had an average readability level of 5 or lower, which
is the level recommended for people with aphasia [38]. As
reported by the participants with aphasia, the language used in
Moodgym, which had a readability of 7.9, was complex and
hard to understand, and 2 participants required al text to be
read aloud to them. Furthermore, prior literature has found that
reliable Web-based health information is often presented at
reading levelstoo high for the general population asitis[72-76].
Therefore, reducing the text readability level of e-mental health
programs should increase their accessibility not only to people
with poststroke aphasia but also to the general population as a
whole.

While appropriate readability levels of written materials are
important, there are other formatting characteristics that can
facilitate reading comprehension in people with poststroke
aphasia. These include use of large font (ie, 14-point or larger)
[77], generous spacing between lines to maximize white space
[77], the use of headings and bolding to make important
information stand out [34], and the use of bullet points and
numbers to clearly establish key points [34]. All reviewed
programs were found to use headings, bolding, bullet points
and numbering, although to differing degrees. However, some
programs could enhancetheir accessibility by using morewhite
space between lines of text (ie, 1.5 spacing) to make content
appear more appealing and readable [77] and by using bolding
to highlight key information [34].

Limitations and Direction for Further Research

Despite the authors’ efforts to be systematic and inclusive in
their search for e-mental health programs for depression, it is
possible that some programs were missed. The dynamic nature
of Web content also means that the identified programs may
eventually be changed or discontinued, and new programs will
likely be developed in the future. Furthermore, this study
excluded paid programs (n=9) and programs for which the
authors were not granted research access (n=4). Inclusion of
these programs may have yielded different results and thus
resulted in different recommendations.

The aphasia-specific search terms used in the search strategy
were informed by suggestions from clinicians and academics
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that work with people with poststroke aphasia, rather than people
with poststroke aphasiathemsel ves. Future studiesinvestigating
how people with poststroke aphasia use the internet to find
e-mental health programs, and if their search terms are
successful in locating the same programs identified in this
review, may also be of benefit.

This small trial of people with poststroke aphasia was helpful
in determining whether the highest rated e-mental health
program was communicatively accessible to people with
poststroke aphasia, or not. However, alarger trial of peoplewith
poststroke aphasia is paramount in determining which aspects
of current e-mental health programs are most accessible, and
which aspects need improvement. The use of think-aloud
studies, whereby participants’ experiences of the program are
captured using multimodal communication, may be one way to
identify accessibility facilitators and barriers of such e-mental
health programs. Furthermore, if e-mental health programs are
to be redesigned or future programs devel oped specifically for
people with poststroke aphasia, end users (ie, people with
aphasia) should participate in the design and development
process to ensure usability within the target population. It is
acknowledged that participatory design approachesrely heavily
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on effective communication between the participants and
designers and thus may be chalenging for people with
poststroke aphasia[ 78]. However, there are numerous examples
of people with poststroke aphasia successfully partaking in
participatory design studies to enhance the usability of
aphasia-specific programs [19,78-82].

Conclusions

E-mental health services offer convenient and cost-effective
interventions that have an ability to reach a more diverse
population than traditiona faceto-face psychological
interventions[21]. Thus, the next decade will likely see mental
health services progress toward a digital medium, which will
present numerous opportunities for both clinical practice and
e-mental health research [83]. It is important that people with
poststroke aphasia, a population with an increased risk of
developing depression, are considered in future e-mental health
research. Failureto do so may mean that people with poststroke
aphasia and mild to moderate depression may not be offered
e-mental health treatment, or the options avail able to them may
remain inaccessible, and therefore potentially nonbeneficial to
them.
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Abstract

Background: The literature suggests that the product design of self-guided electronic health (eHealth) interventions impacts
user engagement. Traditional trial settings, however, do not enable the examination of these relationshipsin real-world use.

Objective: This study aimed to examine whether the qualities of product design, research evidence, and publicly available data
predict real-world user engagement with mobile and Web-based self-guided eHealth interventions.

Methods: Thisanalysisincluded self-guided mobile and Web-based eHealth interventions available to the public—with their
qualities assessed using the Enlight suite of scales. Scalesincluded Usability, Visua Design, User Engagement, Content, Therapeutic
Persuasiveness, Therapeutic Alliance, Credibility, and Research Evidence. Behavioral data on real-world usage were obtained
from a panel that provides aggregated nonpersonal information on user engagement with websites and mobile apps, based on a
time window of 18 months that was set between November 1, 2016 and April 30, 2018. Real-world user engagement variables
included average usage time (for both mobile apps and websites) and mobile app user retention 30 days after download.

Results: The anaysisincluded 52 mobile apps (downloads median 38,600; interquartile range [|QR] 116,000) and 32 websites
(monthly unique visitors median 5689; | QR 30,038). Results point to moderate correl ations between Therapeutic Persuasiveness,
Therapeutic Alliance, and the 3 user engagement variables (.31<rs<.51; Ps<.03). Visual Design, User Engagement, and Content
demonstrated similar degrees of correlation with mobile app engagement variables (.25<rs<.49; Ps<.04) but not with average
usage time of Web-based interventions. Positive correlations were also found between the number of reviews on Google Play
and average app usage time (r=.58; P<.001) and user retention after 30 days (r=.23; P=.049). Although several product quality
ratingswere positively correlated with research evidence, thelatter was not significantly correlated with real-world user engagement.
Hierarchical stepwiseregression analysisrevealed that either Therapeutic Persuasiveness or Therapeutic Alliance explained 15%
to 26% of user engagement variance. Data on Google Play (number of reviews) explained 15% of the variance of mobile app
usage time above Enlight ratings; however, publicly available data did not significantly contribute to explaining the variance of
the other 2 user-engagement variables.

Conclusions: Resultsindicate that the qualities of product design predict real-world user engagement with eHealth interventions.
The use of real-world behavioral datasetsisanovel way to learn about user behaviors, creating new avenuesfor eHealth intervention
research.

(J Med Internet Res 2018;20(12):€11491) doi:10.2196/11491
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Introduction

Background

Self-guided electronic health (eHealth) interventions have the
potential to increase access to evidence-based care, while
reducing the costs associated with service uptake [1,2]. The
impact of theseinterventions, however, islimited by the ability
to engage users in therapeutic activities and to support users
adherence to the therapeutic process [3,4]. As eHedth
interventionsrequireindividualsto engage with self-care outside
of traditional health care settings[5-7], individuals’ engagement
must compete with other events in their daily lives and
fluctuating motivation to engage in effortful behavior [8]. Asa
result, user engagement with mobile apps and websites across
the behavior change spectrum is low in the absence of human
support [9].

Thereisabody of literature examining how intervention design
may facilitate engagement and behavior change [10-14]. For
exampl e, systematic reviews have found relationships between
the incorporation of therapeutic persuasiveness (ie, persuasive
design and behavior change techniques) into the eHealth
intervention and user adherence [15] and the intervention’s
efficacy [16]. Studies have aso shown that the incorporation
of conversational agentswithin self-guided eHealth interventions
impacts user engagement [17,18], suggesting that conversational
agents enhance the relational factors within  the
program—factors that are part of the therapeutic alliance
fostered between the user and the program [19-21]. Although
these studies provide convincing evidencelinking product design
to user engagement, the understanding of theserelationshipsis
till limited by our ability to examine user engagement in the
real world, while comparing large numbers of products within
the same study.

Comparing a Large Number of Products

Certain methodol ogies enabl e the cost-effective comparison of
alarge number of interventions. The Multiphase Optimization
Strategy, for example, offers a paradigm to incorporate a
randomized experimentation in a way that directly compares
many different intervention components to identify the group
of active components leading to the best outcome [22]. When
it comes to product designs that are largely different in their
functionalities, however, to control all the active components,
the different functions would have to be available within the
utilized digital platform—a process that would be highly
expensive given the average devel opment price of asingle health

app [23].

A novel way to compare large numbers of digital productsis
to utilize datasets that record user behaviors on alarge number
of websites and mobile apps. This approach can enable the
documentation of variance in user engagement across a wide
range of product designs using the same analytical framework.
The big data commonly generated and stored by digital
platforms can be used to learn about user behaviorsin order to
refine conceptual models or theories, and to understand
processes related to eHealth interventions [24]. Additionally,
using commonly generated data enables usto record real-world
user behaviors outside of study settingsthat involveinteractions
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with research staff—interactions that might impact user
engagement [25,26].

Identifying the Different Quality Aspects of Product
Design

To utilize commonly generated data and to understand their
relationship with eHealth product design, there is also a need
to identify the different aspects of product design in areliable
way. The literature suggests several approaches to evaluating
eHealth product design (see the study by BinDhim et a [27]
for areview). These include using a predefined list of what the
app should contain, assessing the inclusion of evidence-based
content, assessing the usability of predefined app functions,
using consumer reviews and ratings, and utilizing criteria-based
rating scales. Criteria-based rating scales rest on a heuristic
eva uation approach—amethod that has been broadly researched
and used for ng eHealth and technology products[28-30].
Heuristics are broad principles of product design that can be
inspected by evaluators before empirical testing. The advantage
of heuristic evaluation is that it enables the cost-efficient
identification of design problems without the need for a
predefined list of featuresthat may excludethe users' experience
of utilizing the product [29,31,32]. Criteria-based rating scales
are based on core concepts, each comprising different heuristics,
which are used by trained raters to objectively examine and
scorethe quality of eHealth programs[12,33-35]. In the absence
of such clearly defined rating systems, scoring tends to be less
reliable [36].

Enlight is a suite of criteria-based rating scales that was used
in this study. It covers 11 different quality constructs and
checklists (eg, Usability and Credibility) that were produced
by trained raters. Enlight is the first suite of measures to
incorporate behavior change, persuasive design, and therapeutic
alliance concepts—concepts that have been found to affect a
program’stherapeutic potential [15,16]. Asthetool shows high
inter-rater reliability scores at the construct level, it enables us
to use it to examine the rel ationships between different aspects
of product design and metrics of user engagement.

Within this context, Baumel and Yom-Tov conducted a
preliminary investigation, examining the correlations between
6 quality aspects of product design and real-world user
engagement with 30 Web-based programs[37]. Real-world user
engagement was based on a proprietary dataset of anonymized
logs from consenting users of a Microsoft Internet Explorer
add-on. The quality scores were generated using Enlight [21].
Inthepreliminary study, it wasfound that product quality ratings
predicted which Web-based interventions were more engaging
and in particular that Therapeutic Persuasiveness was the most
robust predictor of user adherence (ie, duration of use, number
of unique sessions; 40<rs<.58; Ps<.005) [37].

Although these findings were novel in terms of the methods
applied, they were limited in several aspects. First, the dataset
only included Web-based interventions, whereas the literature
suggeststhat there has been amassiveincrease in mobile phone
ownership and mobile health app usage in recent years [38].
Second, as the analysis was based on a small sample of
interventions, the question arises asto whether the same pattern
of results will be found with a larger dataset, enabling
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identification of correlations with other aspects of product
design. Third, the study did not incorporate important metrics
that relate to research evidence, a product’s credibility, and
publicly available data on user acceptance (eg, user ratings on
app stores). Examining the relationship between research
evidence and real-world uptakeiskey in light of the notion that
efficacy trialslargely emphasizeinterna validity over real-world
issues, such asthetechnological environment, implementation,
and sustainability, and thus may not provide the needed
validation [26]. Furthermore, to the best of our knowledge, there
has been no study linking the credibility of the source that
developed the program or user ratings on app stores and
real-world user engagement with eHealth programs.

This Study

The aims of this study were, therefore, to fill this gap in the
literature by (1) examining whether different qualities of product
design predict real-world user engagement with both mobile-
and Web-based self-guided eHealth interventions; (2) exploring
the associations between scale items, data, and real-world user
engagement; (3) examining whether research evidence and
product credibility metrics are associated with real-world user
engagement; (4) examining the associations between publicly
available data on program acceptance (eg, star ratings on app
stores) and real-world usage and whether these data enhance
the prediction of user engagement above expert ratings; and (5)
establishing Enlight’s validity in predicting user engagement
with eHealth interventions based on a large and independent
dataset of user behaviors.

Methods

Selection of I nterventions

We screened for eligibility all eHealth programs that were
assessed based on Enlight suite of scales between September
2016 and December 201 7—during the scal e devel opment phase
and afterward as part of anonprofit project aimed at evaluating
the quality of eHealth programs [39]. The clinical aims of the
selected programs were broad, spanning the behavioral health
domain. These programs could be grouped into those targeting
mental health (eg, depression, anxiety, and well-being) and
those targeting health-related behaviors (eg, diet, physica
activity, and smoking and alcohol cessation).

The sources of the eHealth programs that were screened for
eligibility are presentedin Table 1. A total of 84 programswere
randomly sel ected and rated between September and December
2016, following a systematic identification process, conducted
as part of Enlight tool’s development [21]. In this process, we
created alist of mobile apps and Web-based programs through
keyword searches in Google Play and Google search engine
(this systematic process and a complete list of keywords is
presented in Multimedia Appendix 1). Following the tool’s
development phase, we used asimilar systematic identification
process—that now also included paid programs—to rate
additional programs between January and December 2017. All
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programs found in the top 10 Web or mobile app search results
(and that had not been rated before) were rated, reaching a
number of additional 50 eHealth programs. Finally, 8 eHealth
programs were identified based on recommendations from
eHealth researchers and product developers (eg, the Digital
Behavioral Heath Workgroup at Northwell Health). This
selection processyielded alist of 142 programs, among which,
21 programs had both mobile and Web-based versions. Asthe
behavioral data on program usage and our inclusion criteriain
this study relate separately to websites and mobile apps, we
eventually screened for eligibility 71 Web-based programs and
92 mobile apps.

Inclusion and Exclusion Criteria

To be included in this analysis, interventions had to be (1)
self-guided and (2) cost-free. Appsthat were freeto install, yet
had a trial period (ie, paid with free trial) were also included;
however, we examined their impact on results using asensitivity
analysis, aswill be further described in the dataanalysis section.
Exclusion criteriaincluded (1) programsthat were only trackers,
as their quality ratings do not rely on the full list of product
ratings covered in Enlight; (2) websites that were not focused
mostly on the intervention itself (eg, websites with many blog
articles that did not require user log-in)—as the data on the
platform are provided in an aggregated way that does not
distinguish between the website’ s different Web pages; (3) apps
that did not have an Android version, as the behavioral dataset
did not include information on iOS apps; and (4) programs
without usage data in our behavioral dataset (due to, for
example, small number of users).

M easures

Enlight Quality Ratings

Enlight is a comprehensive suite of criteria-based
measurements—completed by trained raters who review the
eHealth program—that was developed by a multidisciplinary
team through a rigorous process of content analysis, grouping,
and classification of 476 identified criteriaitems [21,40]. The
tool covers6 different product quality domains: Usability, Visual
Design, User Engagement, Content, Therapeutic Persuasiveness
(ie, persuasive design and incorporation of behavior change
techniques), and Therapeutic Alliance (see Multimedia
Appendix 2 for a detailed description of the scales used and
operational definitions of all items). Each quality domain score
rangesfrom 1to 5 and is based on averaging the criteriaratings
produced by the raters on a Likert scale (ranging from 1 to 5).
For example, Therapeutic Persuasiveness is calculated by
averaging the raters’ scores of the following criteriaitems: call
to action (eg, goal settings, prompting goals, and encouragement
to complete goals), load reduction of activities (eg, set graded
tasks), therapeutic rationale and pathway (eg, reasoned action
and provide information about behavioral health link), rewards
(eg, contingent rewards), real data-driven/adaptive content (eg,
self-monitoring of behavior), ongoing feedback, and
expectations and relevance.
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Table 1. Sources of previously rated eHealth programs that were screened for eligibility in this study.

Source

eHealth programs  Web-based program
(N=142), n (%)

Mobile app
(N=92), n (%)

Programs with 2

delivery mediums?
(N=21), n (%)

(N=71), n (%)

Systematic review: programs randomly selected and rated during 84 (59.2) 43P (62) 49P (53) 8(39)
Enlight’s development phase

Additional programs found in the top 10 mobile or Web searchre- 50 (35.2) 25(35) 38 (41) 13 (62)
sults of the systematic identification process

Additional programs that were identified based on personal recom- 8 (5.6) 34 5(.4) 0(0)

mendations

#The 2 delivery mediums are (1) Web-based programs and (2) mobile apps.

BIn the original study, we examined 42 mobile apps and 42 Web-based programs. Eventually, 7 websites and 1 mobile app had a similar version in the

other delivery medium (mobile or website).

Enlight covers 2 additional measures that were included in this
analysis. Credibility consists of a checklist calculated by
aggregating the scores received in each of its respective
categorical items (owners credibility, maintenance, strong
advisory support, third party endorsement, and evidence of
successful implementation). The checklist differs from the
product quality assessmentsin 2 ways: (1) most credibility items
cannot berated before product deployment (asthey rely on data
that are collected afterward) and (2) the criteriaincluded in the
checklist are not expected to directly impact the end users
experience of the product’s efficacy (however, they may expose
the user to acknowledged risks or benefits). We also included
an evidence-based program scale (ie, research evidence) that
assesses the quality of the empirical research supporting the
program within the current zeitgeist on a scale from 1 (very
poor) to 5 (very good) [21].

A tota of 3 individuals with clinical experience (eg, clinica
psychologists) and with at least 1 year experience working in
the eHealth domain (eg, content writing of eHealth programs
and health technology coaching) performed the ratings, with 2
of them independently rating each program. Their training
included a review of Enlight items, individual ratings of 7
eHealth programs that included group-solicited feedback on
ratings, and then testing the ratings based on 5 additional
programs (for a detailed review, see the study by Baumel et al
[21]). In this study (post-training), the Enlight quality scales
exhibited excellent inter-rater reliability scores between the 2
raters (intraclass correlations=.74 to .98, median .86).

Behavioral Data on User Engagement in the Real World

Information on user behaviors was obtained from SimilarWeb's
Pro panel data[41]. The panel provides aggregated nonpersonal
information on user engagement with websites and mobile apps
all over theworld to enable Web and mobile app traffic research
and analytics. It is based on several sources of anonymized
usage data, such as that obtained from consenting users of
mobile apps or browser add-ons (ie, products). A dedicated
product team at SimilarWeb is responsible for building and
partnering with hundreds of high-value consumer products that
make up the panel. According to SimilarWeb, the products are
used across diverse audiences, without cluttering the user with
advertisements. Although benefiting from the products, users
contribute to the panel, as they enable to document their online
or mobile apps’ usage activities seamlessly and anonymously
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[41]. The data are not used by SimilarWeb or provided to any
third parties for the purposes of marketing, advertising, or
targeting any individual subjects. The data-gathering procedures
comply with data privacy laws, including the way the data are
collected, anonymized, stored, secured, and used. These
procedures are updated regularly based on evolving data privacy
legislation and requirements, such as the European Union’s
General Data Protection Regulation [42].

The study was approved by University of Haifa Institutional
Review Board. The measures were set to include data gathered
over an 18-month period from November 1, 2016 to April 30,
2018. To examine user engagement with mobile apps, we used
2 measures retrieved from SimilarWeb Pro: (1) average app
usage time (of al users) and (2) the percentage of users who
downloaded the app and were still using it 30 dayslater. Asthis
information is provided separately per country, we examined
the country with the most app downloads. User engagement
with the Web-based interventions was calculated based on
average monthly visitsto the website multiplied by the average
visit duration.

To test thereliability of the datafor the remaining websites, we
calculated the Spearman correlation between Web usage time
obtained from the SimilarWeb platform and the usage time
calculated for websites in our previous work with Microsoft
Research [37]. A strong positive correlation (r=.69; P<.001)
was found between the 2 datasets for the 17 websites that had
data on both platforms. In light of the difference between the 2
datasets (our previous work was focused only on Explorer
browser users), we also examined the Spearman correlation
between website global popularity ranks (ie, arank that reflects
the extent to which awebsite is utilized al over the world) on
SimilarWeb platform and Alexa [43]—an independent source
of information on user traffic. A very strong Spearman
correlation was found (n=28; r=.78; P<.001). Relating to the
validity of mobile app usage data, an Oath researcher [44] (RW)
examined 30 randomly selected mobile apps with data on
SimilarWeb and Oath’s own independent records of mobile app
usage data. The researcher examined the correlation between
the average number of user sessions per day in the 2 datasets,
finding a very strong Spearman correlation (n=30; r=.77,
P<.001). These findings suggested that there was sufficient
convergent validity, which can be claimed if the correlation
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coefficient is above .50, athough a value above .70 is usually
recommended [45].

Finally, we documented publicly available data that relate to a
program’s acceptability. The reported number of installs,
average star ratings, and number of reviewswere obtained from
the Google Play store. Websites' total monthly visits were
obtained from the publicly available version of Similar\Web.

Data Analysis

Medians and interquartile ranges (IQRs) were used to present
thedistribution of the variables. Pearson correlationswere used
to examine the rel ati onships between the continuous variables.
AsPearson correlationsand linear regressions assume anormal
distribution of the variables, we examined the skewness and
kurtosis of the variables within acceptable limits of +2 and
performed a logarithmic transformation (base 10) of these
variables [46,47]. This transformation was eventually applied
to the following variables: Credibility, Research Evidence,
number of reviews on Google Play, mobile app usage time, and
website's total monthly visits.

A sensitivity analysis was conducted to examine whether the
pattern of correlations found differed depending on (1) the
clinica am of the intervention (ie, mental health or
health-related behaviors) and (2) whether paid programs with
afreetrial wereincluded or excluded. The differences between
correlations of these groups were calculated using Fisher
Z-transformation. Independent sample t tests with Bonferroni
correction were performed to examine the difference between
categorical items on the behavioral measures.

Finally, a series of hierarchical stepwise linear regressions was
applied to examine the ability to predict user engagement inthe
real world independent of empirical testing. Inthefirst step, we
examined the percentage of variance explained by Enlight
quality ratings. In the second step, we examined whether
empirical data on rea-world usage that were available at no
cost (eg, Google Play for mobile apps: number of downloads,
star reviews, and number of reviews; SimilarWeb for websites:
monthly visits) significantly increased the explained variance.
In each of these steps, a stepwise approach was applied to avoid
adding predicting variablesthat did not contribute significantly
to the overall model.

Results

The analysis included user behavior data involving 52 mobile
apps and 32 websites (see Figure 1 for the flow diagram of
program selection and Multimedia Appendix 3 for afull list of
included programs). Overal, 9 programs had usage data for
both Web- and mobile-app versions, reaching a total of 75
different programswith data. Within the 18-month time window
of the analysis, the 52 mobile apps had a median of 38,600
downloads (IQR 116,000), and the 32 Web-based interventions
had a median of 5689 monthly unique visitors (IQR 30,038).
The median monthly usage timewas 5.11 min (IQR 20.51) for
mobile apps and 9.0 min (IQR 7.37) for websites. The medians
and IQRs of Enlight product quality ratings were as follows:
Usability median 3.66 (IQR 1.66); Visual Design median 3.00
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(IQR 1.00); User Engagement median 3.20 (IQR 1.10); Content
median 3.50 (IQR 1.00); Therapeutic Persuasiveness median
2.71 (IQR 1.00); and Therapeutic Alliance median 2.66 (IQR
1.33).

Pearson correlations between Enlight product quality ratings,
Credibility, and Research Evidence are presented in Table 2.
User Engagement, Content, Therapeutic Persuasiveness, and
Therapeutic Alliance were positively correlated with Credibility
(.26srs<.51, Ps<.01) and Research Evidence (.21<rs<.39,
Ps<.04). That is, the interventions with higher scores in these
quality domains had higher Credibility and Research Evidence
ratings.

Pearson correl ations between Enlight quality ratings and items,
Credibility and Research Evidence, publicly available data on
program acceptance, and the 3 behavioral variables are presented
in Table 3. Results point to moderate positive correlations
between Therapeutic Persuasiveness, Therapeutic Alliance, and
the 3 behavioral variables (.31<rs<.51, Ps<.03). Visual Design,
User Engagement, and Content had a similar degree of
correlations with the user engagement variables of mobile apps
(.25< rs<.49, Ps<.04), but not Web-based interventions.

Altogether, a similar pattern of results was found between the
criteria items of domains with significant correlations and the
respective behavioral variables. It isworth noting that 3 criteria
items of the Therapeutic Persuasiveness domain—rewards,
data-driven/adaptive, and ongoing feedback—showed significant
correlations with mobile app user retention after 30 days;
however, theseitemsdid not correl ate significantly with mobile
app usage time. In terms of the Enlight checklists, a program’s
Credibility had positive correl ations with the usage time of apps
(r=.34; P=.006) and websites (r=.30; P=.04), but no significant
correlations were found between Research Evidence and the 3
behavioral variables. Finally, results point to positive
correlations between the number of reviews on Google Play
and average app usage time (r=.58; P<.001) and user retention
after 30 days (r=.23; P=.049). The number of installs and
average star reviews had significant positive correlations with
mobile app usage time (rs=.25 and .36, respectively; Ps=.04
and .005, respectively).

As the Credibility checklist covers different independent
categorized items, a series of independent sample t tests with
Bonferroni correction was performed to examine the difference
between Credibility items (Owners Credibility, Maintenance,
Strong Advisory Support, Evidence of Successful
Implementation) in terms of the usage time of mobile and
Web-based interventions. (Third Party Endorsement was not
included in thistest asarelevant party had endorsed only afew
programs.) A significant difference was found in the average
usagetime of mobile apps, favoring programsthat had Evidence
of Successful Implementation (ie, a high number of downloads
or positive reviews) t5,=3.88, P<.001, Cohen d=1.07, and in
maintenance, favoring programs that had been updated within
the previous 6 months, t;;=2.63, P=.28, Cohen d=0.73. Asboth
variables relied on the data documented on Google Play, we
added them in the second step of the regression analysis
described below.
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Figure 1. Flow diagram of program selection.

Exclusion reasons (n=39) Web-based interventions Mobile apps assessed for Exclusion reasons (n=40)
< assessed for eligibility eligibility >

Website not 24 (n=71) (n=92) Only tracker 12

focused on , , Behavioral data 19

intervention l l not available

Paid program 10 Paid program 9

Only tracker 3 Web-based interventions Mobile apps included

Behavugral data 2 included (n=52)

not available (n=32)

Table 2. Pearson correlations between Enlight product quality ratings, Credibility, and Research Evidence metrics (n=75).

Scale Credibility Research evidence
ré P value r P value
Usability .02 45 .00 50
Visual Design .08 24 -.13 14
User Engagement 39° <.001 21° .03
Content 51P <.001 39° <.001
Therapeutic Persuasiveness 26° .01 210 .04
Therapeutic Alliance 39° <.001 26° .01

8Using Fisher Z-transformation, no significant differences in Pearson correlation values were found between programs targeting mental health (n=51)
and those targeting health-related behaviors (n=24).

b1 ndicates significant correlations.
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Table 3. Pearson correlations between Enlight scales, publicly available data on program acceptance, and real-world user engagement with eHealth

interventions.
Scale Mobile app interventions (n=52) Web interventions (n=32)
Usage time User 30-day retention Usage time
ré P value r P value r P value
Usability 15 14 -.07 .32 .01 48
Ease of use 21 .07 .05 .36 .10 .29
Learnability .07 31 -.13 .18 -.14 22
Navigation 13 .18 -11 .22 .03 43
Visual Design 31b .01 5D 04 .09 32
Aesthetics ogh .02 ogh 02 12 26
Layout 30 .01 19 .09 14 22
Size ogb 047 18 10 -.00 49
User Engagement 49° <.001 39° .002 21 12
Captivating 51° <.001 31P .01 3gP .02
Content presentation 53° <.001 2gP .02 22 A2
Interactive A3 19 5P .04 .28 .06
Not irritating .23 .07 A7 15 -11 31
Targeted/tailored/personalized a1b .001 a3gP .003 .01 48
Content 450 <.001 33p .009 16 19
Evidence-based content 43° .001 310 .01 15 .20
Information provision quality 35b .006 34° .006 -.01 48
Complete and concise 39 .002 350 .005 27 .07
Clarity about program’s purpose 43° .001 .10 23 .09 .30
Ther apeutic Persuasiveness 360 .004 39° .002 330 .03
Call to action 34° .007 49° <.001 .29 .055
Load reduction of activities 44° .001 370 .004 370 .02
Therapeutic rational e/pathway a7° <.001 36? .004 21 12
Rewards 14 16 ogb 03 22 12
Data-driven/adaptive 11 21 oAb 046 23 10
Ongoing feedback 14 .16 33P .01 A4 .23
Expectations and relevance 31° .01 .03 41 19 A5
Therapeutic Alliance 51° <.001 310 .01 3g° .02
Basic acceptance and support 45° <.001 40° .002 400 .009
Positive therapeutic expectations 45° <.001 a3P .009 22 12
Relatability a0° .002 .09 26 b 04
Enlight postempirical measures
Credibility 3P .006 -.03 42 1P .04
Research evidence .08 .28 -.13 .18 19 15
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Scale Mobile app interventions (n=52) Web interventions (n=32)
Usagetime User 30-day retention Usagetime
ré P value r P value r P value
Google Store data
Number of installs 250 .04 10 .25 N/A® N/A
Average star reviews 362 .005 .18 A1 N/A N/A
Number of reviews 58° <.001 23° .049 N/A N/A
Web traffic data
Total monthly visits N/A N/A N/A N/A 19 A5

8Using Fisher Z-transformation, no significant differences in Pearson correlation values were found between programs targeting mental health (mobile
apps n=38 and websites n=22) and those targeting health-related behaviors (mobile apps n=14 and websites n=10) or between the full samples and the

samples after subtracting paid programs with free trials (n=7).
Bindicates significant correlations.
°N/A: not applicable.

Table 4. Hierarchical stepwise regressions for predictors of user engagement with self-guided mobile and Web-based interventions.

Variable B? SEB Beta P value R change P value
M obile app usage time (n=52)
Step 1
Therapeutic Alliance A7 A1 51 <.001 .26 <.001
Step 2
Therapeutic Alliance .29 A1 31 .02 15 .001
Number of reviews 29 08 44 .001 N/AP N/A
M obile app 30-day retention (n=52)
Step 1
Therapeutic Persuasiveness .01 .01 .39 .004 A5 .004
Step 2¢ N/A N/A N/A N/A N/A N/A
Web intervention total usage time (n=32)
Step 1
Therapeutic Alliance 287 134 .36 .04 A3 .04
N/A N/A N/A N/A N/A N/A

Step 2¢

8B: unstandardized regression coefficient.
BNI/A: not applicable.
®No new variables were entered into the equation.

Table 4 presentsthe hierarchical stepwiseregressions performed
to examine the predictors and percentages of real-world user
engagement variance that were explained by Enlight product
quality ratings and whether publicly available data on program
acceptance added to the explained variance. The analysis showed
that the variance of user engagement explained by Enlight
ratings ranged between 13% and 26%. In each of thefirst steps,
following the entrance of one Enlight quality rating—either
Therapeutic Persuasiveness or Therapeutic Alliance—no other
metric was found to significantly contribute to the model. The
analysis also showed that publicly available data (number of
reviews) explained 15% of the variance of mobile app usage
time above Enlight ratings; publicly available data did not
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significantly explain the variance of mobile app user retention
or Web-based intervention usage time.

Discussion

Principal Findings

This study presents novel findings about the relationship
between product design and user engagement with self-guided
eHealth interventions in the real world. We found that product
quality in terms of Visual Design, User Engagement, Content,
Therapeutic Persuasiveness, and Therapeutic Alliance was
positively correlated with real-world usage of mobile apps.
Therapeutic Persuasiveness and Therapeutic Alliance were also
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positively correlated with real-world usage of Web-based
programs. Similar to previous findings, Visual Design, User
Engagement, and Content were not found to have a significant
correlation with usage time of Web-based interventions [37].
Although the domains' criteria items had similar patterns of
correlation with the behavioral variables, 3 Therapeutic
Persuasiveness items—rewards, data-driven/adaptive, and
ongoing feedback —showed significant correlationswith mobile
app user retention after 30 days but no significant correlations
with mobile app usage time. It might be that these variables,
which examine the ongoing reciprocal interaction between the
software and the user, are sensitive to the time window of use
rather than to the accumulated usage time. However, future
research should first be conducted to examine whether this
pattern of resultsis replicated.

Congruent with our previous examination [37], Usability was
not associated with the behavioral variables of user engagement.
It is important to note that as our analysis was based on
between-program evaluation, it does not mean that improving
program’s usability will not enhance user engagement with the
program. Alternatively, we suggest that using the Usability
score to compare different programs might not capture which
programs are more engaging to users. Therefore, Usability
should be considered to be a barrier rather than a facilitator of
user engagement [48,49]. A future direction could be to define
ranges—in terms of Usability scores—that identify the point at
which a program is usable enough to be evaluated based on
other metrics.

Our analysis of Google Play datarevealed positive correlations
between the number of reviews, mobile app usage time, and
user retention; number of installsand average star reviewswere
also positively correlated with mobile app usage time. These
findings present alink between data available to the public on
app stores and an app’s overal tendency to engage users.
Regression results, however, suggested that these data do not
always enhance our understanding of user engagement after
accounting for the quality of product design—which could be
determined before real-world use of the program. Hence, it
could be informative to examine how expert-based rating tools
such as Enlight can be used by developers during a program’s
devel opment phase to guide the process of product design before
empirical testing.

Our analysis also showed that programs with better design
quality had better research evidence. At the sametime, research
evidence did not predict user engagement in real-world use.
This finding is congruent with Fleming et al’'s study that
examined published reports on the real-world uptake of eHealth
programs [50]. The researchers found that indications of
completion or sustained use (ie, completion of all modules or
the last assessment or continuing to use apps after 6 weeks or
more) varied from 0.5% to 28.6%, concluding that actual usage
may vary from that reported in trials. Accordingly, our analysis
impliesthat when research evidence supports a certain program,
it does not necessarily mean that users will engage with the
program in thereal world. It isimportant to note that there may
be many reasons for what could be referred to as “trial versus
real-world gap,” including the impact of the study setting on
user engagement [25] and populations being targeted for the
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study that differ from those using the program in the real world
[26]. Future research should to be conducted to empirically
examine this phenomenon and the factors influencing it.

It is also important to note that the analysis did not reveal an
association between the Credibility items—developer’'s
credibility (eg, academic institute) and strong advisory support
group—and user engagement variables. One reason that could
explain this finding is the high costs associated with app
development [23], which may create barriers for teamsthat are
more focused on answering academic research questions based
on grant funding. However, this explanation should be further
examined to draw firm conclusions.

Finally, from a methodological perspective, the notion that
stands behind the development of criteria-based rating toolsis
that in the absence of proper training, proper expertise, and
proper use of developed scales, inter-rater agreement will be
low, and therefore, the examination will not be reliable. For
example, in a study to examine inter-rater reliability of mobile
health (mHealth) app rating measures, Powell et al gathered a
panel of 6 reviewersto review the top 10 depression apps and
top 10 smoking cessation appsfrom the AppleiTunes App Store
and eval uate them based on several measures. The authorsfound
awide variation in the inter-rater reliability of measures, with
some measures being more robust across categories of apps
than others [36]. In recent years, several studies have
demonstrated that it is feasible to achieve sufficient inter-rater
reliability with criteria-based rating scales by using trained raters
[35,51]. To perform the ratings for this study and previous
evaluations using the Enlight tool, raters had to complete a
certain level of training to provide reliable ratings. This notion
has been acknowledged for decades within the psychological
assessment field ([52,53]; George et al, unpublished data, 1985)
we hope that as the eHealth evaluation field moves forward,
more attention will be paid to the proper use of methodsto train
and examine evaluators’ work.

Limitations

This study has several limitations. First, the findings are not
based on an experimental procedure that compared different
designs of the same intervention. However, it would not be
possibleto utilize an experimental procedure to compare many
aspects of product design at the same time. Consequently, if an
association is not found between aquality domain and program
usage, it does not mean that improving the program in this
domain will not influence usage. Instead, it means that when
comparing different programs, some aspects of quality are more
important than others in predicting usage time. Second, this
study examined user engagement, which is not the same as
efficacy. Data suggest that thereisa strong rel ationship between
engagement and efficacy [54-56]; however, more does not
always equal better [57]. A future research direction would be
to measure efficacy using a large sample of programs “in the
real world” and to examine the correlations between product
design and efficacy. This testing should take into account
fundamental questions related to participant consent and how
to measure intervention outcomes.
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Conclusions

Results indicate that Enlight is a valid tool for predicting
real-world user engagement with eHealth interventions, based
on expert evaluations that were conducted before empirical
testing with end users. The link between expert reviews and
user behaviors in the real world supports the importance of
rating tools that may enable trained experts to (1) guide the
design of evidence-based interventions before testing with end
users and (2) provide important details about the product’'s
potential to enable end users to make educated decisions when

Baumel & Kane

searching for self-guided interventions. Such details are
presented in MindTools.io [39], a nonprofit website that
publishes in-depth app reviews using Enlight rating scales.

Finally, the use of real-world behavioral datasets, which are
garnered from a massive number of users, is a novel way to
learn about user behaviors, creating new avenues of research
and advancing our understanding of eHealth interventions. More
studies are needed to shed light on the relationships between
real-world uptake and data that emerge from other sources of
information.
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Abstract

Background: Web-based preventive interventions can reduce risk and incidence of bulimia and binge eating disorders among
young high-risk women. However, their specific effects on core symptoms of anorexia nervosa (AN) are rather wesk.

Objective: The primary objective of this study was to eval uate the efficacy of an indicated, parent-based, Web-based preventive
program Eltern al's Therapeuten (E@T) in reducing risk factors and symptoms of AN.

Methods: Girlsaged between 11 and 17 yearswere screened by selected risk factorsand early symptoms of AN. At-risk families
were then randomized to E@T or an assessment-only control condition. Assessments took place at pre- and postintervention (6
weeks later) and at 6- and 12-month follow-up (FU).

Results: A total of 12,377 screening questionnaireswere handed out in 86 German schools, and 3941 including consent returned.
Overall, 477 (447/3941, 12.10%) girls were identified as at risk for AN and 256 of those could be contacted. In all, 66 families
(66/256, 25.8% of those contacted) were randomized to the E@T or a wait-list control condition, 43 (43/66, 65%) participated
in postassessments, and 27 (27/66, 41%) in 12-month FUs. Dueto low participation and high dropout rates of parents, recruitment
was terminated prematurely. At 12-month FU, girls' expected body weight (EBW) percentage was significantly greater for
intervention participants compared with control participants (group by time interaction beta=21.0 [Cl 5.81 to 36.13], P=.007;
group by time squared interaction beta=—15.5 [Cl —26.6 to —4.49], P=.007; estimated Cohen d=0.42]. No other significant effects
were found on risk factors and attitudes of disturbed eating.

Conclusions. Despite asignificant increasein girlS EBW percentage, parental participation and adherence to the intervention
werelow. Overall, parent-based, indicated prevention for children at risk for AN does not seem very promising, although it might
be useful for parents who engage in the intervention.

Trial Registration: International Standard Randomized Controlled Triad Number (ISRCTN): 18614564,
http://www.isrctn.com/ISRCTN18614564 (Archived by WebCite at http://www.webcitation.org/74FTV 1EpF).

(J Med Internet Res 2018;20(12):€296) doi:10.2196/jmir.9464
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Introduction

Background

Anorexianervosa (AN) isaserious condition with aprevalence
estimated between 0.3% and 0.7% among adol escent females
based on Diagnostic and Statistical Manua of Mental
Disorders-Fourth Edition (DSM-1V) criteria[1-4]. AN can be
accompanied by severe medical complications, including
significant growth retardation, pubertal delay or interruption,
and peak bone massreduction [5,6]. Furthermore, the mortality
rates associated with AN are significantly elevated when
compared with standard population norms [7]. Approximately
60% of all eating disorder patients have a lifetime affective
disorder [8], 35% of AN patients aso suffer from
obsessive-compul sive disorder, and there isamoderate overlap
of AN and avoidant personality disorder. Furthermore, physical
and psychological functioning and distress can be as severein
adolescents with AN regardless of presenting weight [9]. In
addition, AN isassociated with increased health care utilization
and health care costs [10-12]. Krauth et al [12] reported yearly
overal costs for AN of €195.4 million in Germany (€64.9
million through hospitalization, convalescence benefits, and
rehabilitation as well as €130.5 million indirect costs through
inability to work and premature death).

Given the seriousness of the disorder, the poor prognosis, and
the associated burden and costs, early preventive interventions
areof crucial importance. If these interventionstarget modifiable
and potent risk factors, this could reduce both the onset of the
disorder or mitigate core symptoms of the disorder before the
onset. A few longitudinally assessed risk factors for eating
disorders have been identified [13,14], but not all are suitable
for preventive approaches, for example, pre- and perinatal risk
factors have been confirmed in several studies but are not
modifiable, and early childhood health and eating problems
have aso been confirmed in severa studies but would not be
suitable targets of preventive interventions for older children
or young adults.

Thefactorsweight and shape concerns and dieting, on the other
hand, represent the most potent, modifiable, and confirmed risk
factors for eating disorders in general. However, these factors
are not specific for distinct eating disorder diagnoses, such as
AN. In addition to these longitudinally assessed risk factors, a
number of probable (retrospectively assessed) risk factorswere
found. At the stat of the study, perfectionism and
obsessive-compulsive symptoms seemed to be the best
candidates as they both were modifiable and showed some
specificity for AN [13-15].

Prior Work

Several previous reviews and meta-analyses suggest that
preventive interventions for eating disorders (ED) in general
reduce risk factors for, symptoms of, and—in few cases—even
onset of mostly bulimic or binge eating-type ED [16-21].
Prevention programs reviewed in these analyses include the

http://www.jmir.org/2018/12/e296/

whole range of interventions from universal to indicated
programs, school-based versus individually based, and are
directed at age ranges from younger children to young adults.
Effect sizes of the core risk factor outcomes range from low to
high depending on the selection criteria applied and included
samples, dataanalysis, and consideration of sensitivity analyses.

Although most of these meta-analyses included technology or
Web-based interventionsto some degree, 2 explicitly addressed
effects of technology- or Web-based interventions only [16,20]
with dlightly different results. Beintner et al [16] conducted a
cross-cultural comparison of 10 randomized controlled trials
using the Web-based prevention program Student Bodies and
found small to medium mean post and follow-up (FU) effects
on drivefor thinness, negative body image, and weight concerns.
Loucas et a [20] found overall small post and FU effects on
drive for thinness, weight and shape concern, and dietary
restraint in 8 of the 13 Web-based prevention trials, including
the Student Bodies intervention, and small or inconclusive
effects for interventions in the remaining studies.

However, in the absence of confirmed risk factors for specific
ED diagnoses, preventive interventions in general are usually
not specifically directed at individuals at risk for specific ED
diagnoses, such as AN but rather ED in general. This lack of
diagnostic specificity of interventions is even more evident
when only targeted interventions for individuals at risk are
considered or moderators for intervention types are analyzed
[18]. Participantsin these studies are usually selected based on
nonspecific risk factorsfor ED such asweight concerns, dieting,
or body dissatisfaction. Early symptoms of specific ED
categories (eg, subthreshold binge eating, compensatory
behaviors, and body mass index [BMI]) are rarely used for
selection. On the basis of the studiesincluded in 1 meta-analysis
[18], the mean BMI of young adult participants in these
interventions was 23.3, and selection criteria did not include
low BMI to determinerisk status. It therefore seemslikely that
individuals at higher risk for AN were not reached by these
interventions, and tailored preventive interventions for these
individuals need to be devel oped.

Current treatment approaches for adults with AN have shown
only limited effects [22], but there is considerable evidence
supporting the effectiveness of family-oriented treatments
[23-25] for adolescents. Family-based trestment (FBT [26]) has
also been recommended by the American Psychiatric
Association (APA [27]) and the National Institute for Health
and Care Excellence (NICE) guidelines [28] as first-line
treatment for adolescents with AN. A preventive approach,
targeting risk factors and early symptoms for AN combined
with elements of FBT, could therefore be beneficiad in
preventing the onset of the disorder in high-risk adolescents.

Thus, as part of a pilot study for a subsequent randomized
controlled trial, we devel oped afamily-based intervention called
Parents Act Now targeting individuals at risk for AN. The
6-week intervention was directed a parents, originally
developed in the United States, and subsequently trandated into
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German (Eltern als Therapeuten or E@T). The pilot study,
conducted in paralel in the United States and Germany,
examined the feasibility, acceptability, as well as short-term
effects of the intervention in 46 adolescent females aged 11 to
17 years [29]. Overall, 11% of girls screened at the Germany
siteand 24% of girlsscreened at the US site met therisk criteria
for AN. Parents accessed the mgjority of the Web-based ons
and rated the program favorably. At postassessment, we found
a reduction in risk status for 16 out of the 19 participants.
Participants remained stable or reported increased EBW
percentage and decreased eating disorder attitudes and
behaviors. However, the pilot study was also characterized by
parents rather low willingness to participate in and low
compliance with the intervention. To address these problems,
we made a humber of changes to the intervention itself (eg,
addressing potential denial and downplaying of eating problems
in the first session) and the assessment procedure (eg, adding
a motivational enhancement module to the first assessment
where parents received feedback on the risk status of their
daughters) before conducting the main study.

Goal of This Study

Following this pilot study, the major objective of this study was
to determine the efficacy of the parent-based, Web-based,
indicated preventive intervention E@T in comparison with a
wait-list control group. We hypothesized that children of parents
participating in the intervention would show an improvement
in core AN symptoms, that is, weight loss, overvaluation of
weight and shape, and restraint eating.

Methods

Design

We conducted a randomized controlled trial including parents
and their daughtersrecruited from school sin Saxony, Germany.
Eligible participants were randomized either to E@T or a
wait-list control group. Assessments took place before
randomization (at baseline, T1), at postintervention (6 weeks
after baseline, T2), and at 6- and 12-month FU (8 [T3] and 14
[T4] months after baseline). Baseline, postintervention, and FU
assessments  were—with few exceptions—conducted in
face-to-face settings. Both parental and child consents were
required.

Participants

To be included in the study, girls had to be aged between 11
and 17 years and fulfill criteria of being at risk for AN based
on the screening results. We defined at risk as a combination
of factors selected from the following 3 categories [15]: (1) A:
established risk factors for AN as high weight and shape
concerns and drive for thinness (defined by either scoring 242
on the Weight Concerns Scale [30,31] or =24.1 on the Eating
Disorder Inventory (EDI-2) subscale Drive for Thinness [32]),
(2) B: early symptoms of AN indicated by low weight (defined
as <90% EBW; Centers for Disease Control and Prevention,
2001) or significant weight loss (5% in the past 6 months), and
(3) C: the presence of 1 out of the 4 probable risk factors, for
example, high levels of perfectionism defined by scoring =78.0
on the Frost Multidimensional Perfectionism Scale [33],
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amenorrhea, excessive exercise, and afamily history of an eating
disorder. To be included, criterion B was mandatory and either
criterion A or C (or both) was additionally required. In a
previous study [15], the overall prevalence of the combination
of thesefactorsin asample of 1562 adolescent girlswas 10.8%
and it increased from 9.5% to 16.5% between ages 11 and 16
years.

Exclusion criteria were the presence of a full-syndrome eating
disorder in the past 6 months, current major depression, current
substance abuse or dependence, and suicidal ideation.

Procedures

We asked the authorities of the school district of Saxony,
Germany, for permission to conduct screenings in al high
schools and secondary high schools throughout Saxony.
Following their consent, 170 schools were individually invited
to participate. Recruitment was completed in 86 schools (34
high schools and 52 secondary high schools) and followed a
2-step procedure. First, high-risk girls were identified through
screensin participating schools after a short introduction of the
study in class provided by trained research assistants.
Questionnaires, including screening questions to be filled out
by the children and few questions to be filled out by parents
(daughters’ current weight, height, and weight loss in the past
6 months, family history of eating disorders, internet access,
and willingnessto participatein an internet prevention program),
were completed at home, and consent forms and questionnaires
were collected approximately 1 week later in schools. If children
screened positive, parents and children were invited for
face-to-face baseline assessments. During these assessments,
we conducted separate interviews with parents and children to
assess children’s eating and genera pathology, to exclude ED
diagnoses, and to obtain parental demographic information
(education level, occupation, marital status, daughter’s number
and age of siblings, and daughter’s type of school and current
grade). Because the results of the pilot study suggested some
problemswith parental motivation, weincluded amanual -based
motivational assessment and enhancement module (adapted
from motivational interviewing) to guideinterviewers feedback
to this first assessment. Children also filled out a number of
self-report questionnaires. Children’s height was measured to
the nearest millimeter using acalibrated stadiometer and weight
was measured to the nearest 0.1 kg using adigital scale.

Interview results were directly entered into a database
(MACRO), which aso contained agorithms to determine
probable ED and other diagnoses and conduct randomization.
Following separate interviews, 1 interviewer provided detailed
verbal feedback on the daughter's risk factor status, eating
disorder, and genera pathology to parents and the daughter
together and discussed inconsistent results from both interviews
with them. Interviewswere conducted by experienced graduate
students and by research assistants who had received intensive
training before conducting the interviews. To improve and
maintain interview quality, al interviews were recorded and
interviewers received verbal feedback on the recordings by an
experienced graduate student. In a second step, parents of
eligible children were randomly assigned to the E@T
intervention or the assessment-only control group.
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The study was approved by thelocal human subjects’ committee
(#EK 172052010). Dueto an oversight, thetrial registration was
delayed while participant recruitment had aready started,
following adaptations made to the intervention itself and the
planned procedures. Participant recruitment and post and FU
assessments took place between October 2010 and May 2014.

Intervention Eltern als Therapeuten (E@T)

The parental intervention is based on the first phase of the
family-based treatment for AN by Lock [26], the parent guide
by Lock and Le Grange[34], and an internet-based intervention
to prevent eating disordersfor adolescents[35]. Theintervention
E@T consists of a 6-session Web-based program for parents
accessible over the course of 6 weeks and moderated by eating
disorder experts (graduate-level clinical psychologistsintraining
under supervision). Theintervention also includes amoderated
Web-based discussion group for parents, weekly monitoring
journalsrelated to their daughter’s weight, eating and exercise
with feedback provided by moderators, videos, and 2 phone
cals to enable individualized feedback on the daughter's
problems with eating, weight and shape concerns, and referral
to other resources if necessary. Adolescents received a brief
handout describing the purpose of the study written for agenera
audiencein clear, lay terms, at a 6-grade reading level. A more
detailed description of the intervention is summarized in a
previous report [29].

M easures

Screening

The screening questionnaire consisted of 61 questions covering
established risk factors, possible risk factors, and early
symptoms of AN: weight and shape concerns based on the
Weight Concerns Scale (WCS), a 5-item self-report screening
guestionnaire to identify students at risk for developing an ED
[31]. Previous studies have shown that 10% of girls in the
highest quartile of the WCS subsequently devel op asubthreshold
or full-syndrome ED. The German validation of the WCS[30]
has a high test-retest reliability (r=.95).

In addition, drivefor thinnesswas based on the respective 7-item
subscale of the EDI-2 [32,36], self-reported height and weight,
weight loss, and the presence of an ED in the past 6 months;
perfectionism was based on the Frost Multidimensional
Perfectionism Scale (MPS-F) [33,37]. The EDI-2 drive for
thinness subscale has been shown to have high interna
consistency (Cronbach apha=.88). The MPS-F consists of 35
items covering 6 subscales (with 4 to 9 itemseach). Theinternal
consistency for the subscales (Cronbach alpha) varies between
.70 and .90 [33]. Questionsrel ated to the presence of secondary
amenorrhea, excessive exercise, and family history of an ED in
at least one family member were also included in the screen.
Secondary amenorrhea was assessed by asking whether girls
menses had already started and, if so, whether they had missed
menses in the past 3 months and if they took contraceptive
medication. Amenorrhea was coded yes if menses had started
but had been missed in the past 3 months or if menses had
started but the use of contraceptives was endorsed. To endorse
excessive exercise, girls had to indicate that they exercised in
the past 4 weeksto lose weight, to influence body shape or body
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fat, to burn more calories, and to receive an average score of 3
(sometimes) or lower on a1 (always) to 5 (never) scale asking
if they were afraid of becoming upset or if they were feeling
guilty when they had to skip exercise and if they exercised in
spite of being sick or injured. These 4 questions were based on
the Eating Disorder Examination (EDE) interview [38-40].
Parental history of ED was obtained from both girlsand parents
based on questions from the risk factor interview by Fairburn
et a [41].

The primary outcomes were weight normalization (defined by
change in EBW percentage, objectively measured) and other
core AN symptoms, such as daughters' self-reported weight
and shape concerns (assessed by the WCS), restraint, and
frequency of driven exercise based on the EDE twelfth Edition
[38-40]. The EDE is a semistructured interview that measures
ED psychopathology on the 4 subscales: restraint (5 items),
eating concern (5 items), weight concern (5 items), and shape
concern (8 items), which can be aggregated to atotal score and
also generates ED diagnoses based on DSM-IV (text revision)
criteria. The internal consistency (Cronbach alpha) varies
between .73 and .86 for the subscales and is .93 for the total
score. Secondary outcomes were EDE weight concern, EDE
shape concern, EDE eating concern, EDI-2 drive for thinness,
and EDI-2 body dissatisfaction. The latter EDI-2 subscale aso
has an internal consistency of .88.

Furthermore, the Schedule for Affective Disorders and
Schizophreniafor School-Age Children [42] was used to assess
present and past episodes of psychopathology based on DSM-1V
Axis| criteria[43] in girls. At baseline, parents completed the
Parent Motivation Inventory (PMI; [44]) to assess their
motivation and confidence to address their daughter’s eating
problem. The PMI is a 25-item scale with a high internal
consistency of .96 (Cronbach alpha) [44].

At postintervention and 6- and 12-month FU, only the EDE
interview was conducted with parents on the daughter, and with
daughtersthemselves; in addition, daughters’ height and weight
were measured and daughters filled out the WCS and EDI-2
subscales drive for thinness, bulimia, and body dissatisfaction
and answered questions regarding treatment utilization.
Whenever possible, subjective reasons for parents declining
participation in the study after initial contact and feedback on
daughters’ risk status were assessed qualitatively.

We assessed adherence to the intervention by mean number of
sessions opened and overal percentage of program pages
opened. These data were retrieved from the program log files.

Randomization and M asking

The randomization algorithm, which was integrated into the
database MACRO, was provided by the independent Centre for
Clinical Trials (Koordinierungszentrum fiir Klinische Studien)
at TU Dresden. Children were stratified by age and EBW
percentage and randomized in a ratio of 1:1 to E@T or the
waiting list control condition after parents had given informed
consent. Parents and psychol ogists involved in the moderation
of the E@T program could not be masked to intervention
allocation. Assessors who conducted T1 to T4 diagnostic
assessments could not be blinded to the intervention condition
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but were neither involved in the moderation of the intervention
nor in final data analyses.

Statistical Analyses

The initia study sample size estimate was based on a power
calculation for a single end-point group comparison at 12
months. Therefore, the sample size calculation was based on a
2-tailed t test for independent samples. For this calculation, the
estimated between-group effect size at 12-month FU was d=0.5
between the intervention and the control group for the primary
outcomes. EBW percentage and other core AN symptoms. Using
these parameters, the estimated sample size needed to achieve
80% power was 64 participants per group (or a total of 128
subjects). Considering a combined noncompliance and loss to
FU rate of 30%, an estimated 91 participants per group would
have been required to attain an adequate sample size for this
study. We subsequently employed a mixed-effects model
approach to assessal group differencesover time. Mixed-effects
models use al available data points when participants are lost
to FU. Thisapproachislikely to render higher statistical power
than at test used to assess group differences at a single time
point. Therefore, the apriori power analysis conducted for this
study (based on an independent samples t test) may have
overestimated the sampl e size needed for this study.

All analyseswere conducted asintention-to-treat (ITT) analyses
including all randomized participants. Differences between the
intervention and the control group on primary outcomes (EBW
percentage, weight and shape concerns, EDE restraint, and
driven exercise) as well as secondary outcomes were tested
using mixed-effects models to account for the nested data
structure of 4 observations across time within individual
participants [45]. Total observation time was set at 1.0. Each
measurement time point was set at its corresponding fraction
of 1.0. This 0 to 1 time variable was then multiplied by itself
to create avariablefor time squared, which enables specification
of quadratic regression models assessing intervention effects
on change and on rate of change in outcome variables. A group
by time interaction term was specified as to estimate the effect
of the intervention. A group by time squared interaction term
was also specified to estimate the effect of intervention on rate
of change using a quadratic regression model. Cohen d was
caculated by dividing the mixed-effects model derived
intervention effect estimate by the pooled SD of the particular
measure at baseline.

Differences on screening variables between participating and
nonparticipating parents and children were analyzed using
2-tailed t test for continuous screening variables and chi-square
test for dichotomous variables. These exploratory analyseswere
not corrected for multiple comparisons.
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All analyses were performed using the software programs SPSS
22 (Statistical Package for the Social Sciences) and HLM7
(Hierarchical Linear and Nonlinear Modeling).

Results

Recruitment

Between October 2010 and December 2012, atotal of 12,377
screening questionnaires were handed out in schools, 4416
(4416/12,337, 35.79%) returned and 3941 (3941/12,377,
31.84%) included consent. At baseline, 99 interviews were
conducted with parents and screen-positive children. In total,
33 families could not be enrolled because they did not fulfill
inclusion criteria any more during these assessments (mostly
because children’'s EBW percentage was in the normal range
when measured objectively) or refused randomization. Finally,
66 families were randomized, 32 to the E@T intervention and
34 to the control condition. At 12-month FU, the dropout rate
in the E@T condition was 65.6% and in the control condition
was 52.9%, and they were not significantly different. Figure 1
presents a Consolidated Standards of Reporting Trials flow
diagram.

Due to amuch lower response rate of parents of girls screened
for risk status and the high rate of parents of at-risk girls not
willing to participate, it would have taken at least twice aslong
to recruit the originally planned sample size. The funding of
the study was therefore stopped before the originally planned
sample size had been achieved, but FUs of al randomized
parents were till included.

Sample

Of participantswith informed consent, 12.10% (477/3941) met
predefined criteria for at risk. Overall, 47.8% of the sample
fulfilled the combination of criteria A (high WCS or EDI drive
for thinness), B (low weight or significant weight loss), and C
(high levels of perfectionism, amenorrhea, excessive exercise,
or afamily history of an ED); 28.4% fulfilled the combination
of criteria B and C; and 23.9% fulfilled the combination of
criteria A and B. Regarding criterion B, 47% of the sample
endorsed low body weight and 53% of the sample endorsed
significant weight loss in the past 6 months.

Table 1 presents baseline characteristics of the sample. Included
girlswere on average about 14 years old, and the average EBW
percentage was in the normal range. Overall, girls showed only
few ED symptoms in the 4 weeks before baseline. Current or
past comorbid major depressive disorder, separation anxiety
disorder, social phobia, and specific phobia were also low.
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Figure 1. Consolidated Standards of Reporting Trials diagram of participant flow. E@T: Eltern al's Therapeuten.
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Table 1. Sample characteristics of all randomized children at baseline.

Characteristics E@T?(N=32) Control group (N=34)
Agein years, mean (SD)® 13.8(1.5) 13.7(1.6)

Percentage of expected body weight, mean (SD) 98.8 (12.3) 99.1 (13.4)

Objective binge episodes (past month), mean (SD)? 0(9) 0(0)

Subjective binge episodes (past month), mean (SD)° 0.8(4.4) 0.1(0.3)

Fasting (days past month), mean (SD)° 01(0.3) 03(12

Vomiting (episodes past month), mean (SD)? 0(0) 03(17)

Laxative use (episodes past month), mean (SD)° 0(0) 0.1(0.5)

Excessive exercise (days past month), mean (SD)? 4.7 (8.6) 51(9.1)

Comorbidity, n (%)°

Separation anxiety disorder 0(0) 3(9)
History of major depression 2(6) 2(6)
Social phobia 0(0) 1(3)
Specific phobia 1(3) 0(0)

SE@T: Eltern als Therapeuten.
bAccordi ng to the Eating Disorder Examination [38-40].
CAccording to Schedule for Affective Disorders and Schizophrenia for School-Age Children [42].

. . S showed significantly higher levels of weight concerns (WCS;
Screening Differences Between Participating and mean= 47.9 vs mean=40.5; P=.03) compared with children of

Nonparticipating Parents and Children nonparticipating parents. This might be indicative of higher
We found no significant differences in the frequencies of levels of impairment of children of participating parents. In
endorsing screening criteria A and C between parents who  addition, when parent-reported and daughters' self-reported
participated in the study and those who refused to participate.  weight loss was compared, the discrepancy between the 2
However, children of participating parents endorsed significantly  estimateswas significantly smaller for nonparticipating parents
more of all 3 screening criteria (52.1% vs 37.2%; P=.02) and compared with participating parents (1.2 vs 2.15 kg; P=.03).
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I ntervention Adherence and Acceptance

On average, intervention group parents opened 28% of program
pages (median 16%), 2.7 of 6 sessions (median 2.0), and logged
on to the program 3.4 times (median 3.0; range 0-11). In total,
29% of randomized parents never logged on to the program at
al and only 16% opened more than 75% of program pages.
However, participating intervention group parents overall rated
the program quite favorably as good (mean=2.2; SD=0.94;
range=1-5; scalefrom 1 [very good] to 6 [very poor]), rated the
program content and group moderation on average between
good and very good (means 1.8 and 1.7, respectively), and
reported they would very much recommend the program to other
parents of at-risk children (mean=3.60; SD=0.74; range=2-4,
scale scores from 1 [not at all] to 4 [very much]).

Primary and Secondary Outcomes

Results of ITT analyses of primary and secondary outcomes
based on daughters’ self-report are summarized in Table 2. Of
the primary outcomes, only 1 significant difference between
the intervention and the control group was found: between
preintervention and 12-month FU, girls of theintervention group
gained significantly more and faster weight as indicated by
changein percentage of EBW compared with girlsin the control
group. Therewas asignificant time-squared by group interaction
indicating the effect of intervention on EBW percentage was
curvilinear. The greatest effect of intervention on EBW
percentage occurred early during the observation period. The
total effect of intervention on EBW percentage can be estimated
by adding the estimated group by time interaction effect with
the group by time squared interaction effect (21.0-15.5=5.5%),
which estimates a 5.5% greater increase in EBW percentage in
intervention group participants compared with control group
participants. The effect size (d=0.42) isin the small to medium
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range. No other significant differences were found between
groups on child- and parent-reported secondary outcomes. In
both groups, no new onset full-syndrome DSM-IV diagnoses
of AN were observed over time.

Multimedia Appendices 1 and 2 provide means and SDs for
primary and secondary outcomes for both groups (based on
daughters’ self-report and parental report) at al assessment
points.

Parent-Reported Reasons for Unwillingnessto
Participate

Whenever possible, we asked the parents who declined
participation in the study after being told that their daughters
had screened positive to give reasons for their unwillingnessto
participate (Table 3). The majority of these parents responded
that they did not perceive the identified risk factors and early
symptoms in their daughters as problematic and, accordingly,
participation in apreventive intervention as necessary or useful.
Other frequently reported reasons were lack of time and
daughter’s own unwillingness to participate. A relatively large
proportion of parents also reported all-clear given by the
pediatrician (ie, the pediatrician did not consider the daughter’s
weight loss problematic or explicitly advised parents not to
participate in the study). In a considerabl e proportion of cases,
parents also reported a change in measures included to define
risk status in the screening (eg, aweight gain after screening)
or revised the previously reported screening criteria (eg, family
history of ED). Some parents, however, al so seemed to be afraid
to worsen the current condition of their daughter (“let sleeping
dogs lie") by getting engaged in the intervention or reported
too many other current problemsto get further engaged. A small
proportion of children were reported to be already in treatment
because of eating or other mental health problems.

Table 2. Intervention effects on outcome variabl es estimated with mixed-effects models.

Effect Group*time (95% ClI) tratio P value Cohend

Percentage of expected body weight 21.0 (5.81t0 36.13) 2.76 .007 0.422

Group*time squared effect -15.5 (-26.6 to —4.49) -2.81 .007 0.428
Excessive exercise 0.82 (-3.97t0 5.62) 0.34 .73 0.09
Weight Concerns Scale 2.02 (-8.03 to 12.08) 0.40 .69 0.08
EDI-2° bulimia 2.32 (-1.95 0 6.61) 1.09 28 0.29
EDI-2 drive for thinness 1.86 (-1.05t04.77) 1.28 21 0.27
EDI-2 body dissatisfaction 2.77 (-0.36 t0 5.89) 1.76 .08 0.34
EDE total score 0.04 (-0.41 t0 0.5) 0.19 85 0.04
EDE dietary destraint -0.04 (~0.63 to 0.55) -0.13 90 -0.03
EDE eating concern 0.12 (-0.53t0 0.77) 0.38 71 0.13
EDE weight concern 0.03 (-0.72t0 0.77) 0.07 .94 0.02
EDE shape concern -0.03 (-0.73t0 0.67) -0.09 .93 -0.02

3Estimated Cohen d for percentage of expected body weight is the sum of the standardized effects for group by time plus group by time squared.

bEDI-2; Eati ng Disorder Inventory.
®EDE: Eating Disorder Examination.
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Table 3. Parent-reported reasons for declining participation (N=137 parents; multiple answers possible).

Parent-reported reasons for declining participation

Endorsements, n

Do not seerisk factors and symptoms as problematic 89
Pediatrician does not see a problem or does not recommend study participation 18
Lack of time 16
Interview canceled, not attended, no response, or no reason given 30
Daughter declines participation 13

Changein risk status since screening (weight gain, exercise, and family history of eating disorder) 15

Too many other problems
Afraid to raise awareness for eating disorder problems

Currently in treatment for eating disorder or other mental health problem

5
5
3

Discussion

Principal Findings

The objective of this study was to evaluate the efficacy of a
parent-based, targeted preventive intervention for children and
adolescents at risk for AN compared with an assessment-only
control group. The intervention was specifically developed to
target early symptoms and potentia risk factors for AN that
distinguish E@T from other preventive interventions for ED.
It also incorporated elements from the current most promising
treatment approach for adolescents with AN, that is,
family-based treatment. Thistrial was preceded by apilot study
with overall encouraging results conducted in both the United
States and Germany. We found that—over the course of the
study and at the 12-month FU and based on ITT
analyses—at-risk girls, whose parents had participated in E@T,
gained significantly more and faster weight based on changein
percentage of EBW compared with girls in the control group.
Although the effect size of thischangeisin the small to medium
range, previous Web-based prevention trials for ED in general
usually do not find differencesin BMI [17,46,47]. In addition,
low weight was one of the risk factors or early symptoms we
hoped to change through the intervention. However, theseresults
must be considered in the context that few parentswere willing
to enroll and engage in the study and no other significant effects
on primary or secondary outcomes were found in the ITT
analyses. In interpreting the results, it is also important to note
that means of outcome measures included in the screening (ie,
WCS and EDI drive for thinness) dropped between screening
and preintervention assessment. Furthermore, ED and
weight-rel ated measuresimproved in participants of both groups
who completed postintervention and FU measures, which limit
the potential to see differences. Thereasonsfor theimprovement
in the control groups are not known but might be indicative of
regression to the mean effects. Participants underwent detailed
ED interviews after initial screening over the course of more
than ayear, which in itself may have raised awareness for risk
factors and symptoms in parents and may have contributed to
improvements in both groups.

Limitations

The results of this study need to be discussed in the context of
the following limitations: (1) small sample size because of low

http://www.jmir.org/2018/12/e296/

screening completion rates possibly resulting intoo little power
to establish efficacy; (2) low rates of eligible participants
agreeing to participate; (3) low parental engagement in the
intervention; and (4) high dropout rates, which again may have
affected power, randomization and, thus, also conclusionsdrawn
from the analysis. Parents' (low) willingness to partake in a
Web-based intervention aimed at reducing their daughter’srisk
of AN was the kernel of this study and warrants further
exploration. Of screens distributed in schools, 35.7% were
returned. At the beginning of recruitment, this rate was 20%
but was increased by a number of strategies (eg, letter of
recommendation of school authorities directed at individual
schools, increasing awareness for the study by increased press
releases, and offering incentives to girls). Furthermore, even
for girls identified as being at risk, parental willingness to
participate in the study was low. Only about half of identified
families provided contact information, and of those contacted,
only about 16% could be randomized. Although parents
receiving the intervention, on average, rated the program
favorably, they accessed less than athird of all program pages
and lessthan half of the sessions. Using a standardized measure
of engagement might have provided information to explain this
discrepancy. Adherenceisawell-known problem for Web-based
interventionsin general [48]. However, compared with targeted
preventive interventions for ED, in which adherence usually
ranges between 50% and 80% [49], adherence to E@T was
clearly lower. Along with low engagement rates in the
intervention, the study was also characterized by high dropout
rates, that is, over 50% in the control group and 65.6% in the
intervention group. These rates exceed dropout rates of both
targeted intervention trials for ED in general [46,47] and of
those reported for family-based treatment trials for AN, which
average between 15% and 25% [50-52].

Comparison With Prior Work

In the absence of specific, parent-based prevention trials for
girlsat risk for AN, we can only compare our resultswith more
general, parent-based preventive studies. For example, compared
with parents referred to outpatient treatment for child conduct
problems in the validation sample of the PMI [44], parental
motivation inthis preventive trial was much lower. Asincluded
children had not aready developed a mental health problem
requiring treatment, parents may have been more reluctant to
engageintheintervention. In our pilot study [29], we also found
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apositive correl ation between daughter’srisk status and parental
engagement: at the US site, parents of children who already met
criteria for AN showed higher levels of engagement with the
intervention than those of children at risk for AN. A recent
review of interventions involving parents that aim to prevent
body dissatisfaction or eating disorders [53] identified 20
studies, 12 of which presented data on the effects of involving
parents in prevention programs. A quarter of these studies
revealed significant problems with parental recruitment and
motivation, despite daughters being screened at-risk [29,54,55].
Although Hart et a [53] concluded that preventive interventions
involving parents may have some benefit, they also expressed
concern over the finding that measuring and communicating a
child’'s at-risk status does not appear to improve parent
engagement with prevention programs.

On the other hand, even with pediatric long-term medical
conditions, such as asthma, cystic fibrosis, HIV, diabetes [56],
or life-threatening conditions requiring pediatric organ
transplantation [57], parents' and caregivers nonadherence to
prescribed treatmentsis reported to be acommon problem. Low
adherence or denial may therefore represent a more general
problem of parentswhen confronted with chronic or potentially
threatening health conditions of their child.

Given the low parental engagement, participation, and
completion rates, this sample is likely to be biased toward
parents who are more willing to respond to a perceived risk for
AN in their daughter (eg, higher motivated parents or parents
more willing to acknowledge these risks). Thus, the observed
intervention effect on percentage of EBW likely appliesto this
group of parents. Thisinterpretation is supported in part by the
reasons parents gave for unwillingness to participate that we
gathered from parents that could be contacted. The majority of
these parents did not consider the identified risk factors and
early symptoms in their daughters as severe enough to get
engaged or do so despite their daughter’srefusal to participate.
As included children were, on average, a the time of the
preintervention assessment not markedly underweight, parents
of these normal-weight children fulfilling the weight loss
criterion may have not perceived other risk factors, such as
increased weight concerns, as problematic.

The comparison of parents willing to participate and those
refusing to participate, on the other hand, shows that daughters
of participating parents had even higher levels of ED-related
impairment and parents unwilling to participate may
underestimate their daughters weight loss. Thus, athough
parents of daughters with higher levels of ED risk factors and
symptoms were more willing to participate in the study,
symptomsof AN may have needed to be even more pronounced
for most parentsto engage at al or to engage more consi stently

Jacobi et al

in a preventive intervention. Alternatively, given the insidious
course AN onset can take, parents may have needed more time
and further evidence to realize and accept theserisk factorsand
symptoms to motivate their engagement.

A recent systematic review [58] suggested 6 categories of
reasonsfor parents and caregivers nonadherenceto prescribed
treatmentsin pediatric long-term medical conditions, including
concerns or fears of the condition or the recommended
treatment, difficulty following the treatment regimen, children’s
resistance to treatment, perceived threats and strains to family
relationships, parental priorities to preserve normal life, and
(negative) input from and rel ationship with health professionals.
Some of these reasons may explain parents' low engagement
and adherence in this study. Future studies, therefore, should
addressthese potential barriersto engagement and parental level
of readiness to engage more explicitly.

Conclusions

In conclusion, the intervention showed small effects on only 1
outcome, and given the few parents who were willing to enroll
and engage in the study, the intervention does not have the
potential for wide-scale acceptance as we hoped for. It may be
more beneficial for parentswilling to face their daughter’sinitial
problems, when these have become more pronounced or asthe
first step for parents of children with full syndrome AN before
getting engaged in outpatient or inpatient treatment. However,
this will need to be demonstrated in subsequent studies. The
parent-based intervention did show some promise for the
subsample of children of parents willing to engage in the
assessments and in the intervention, even when only
administered in arelatively small dose. Together with detailed
interviews and feedback on ED risk factors and symptoms,
children at risk may benefit from the intervention. Next steps
in devel oping a popul ation-based intervention targeting parents
with children at risk for AN would be to (1) consider reasons
why parents did not find the identified risk factors compelling,
(2) develop better and more effective ways to convey
information about risk factors, and (3) identify strategies to
resolve parents concerns with engagement. Preventive
interventions for ED may generally need to educate parents
more explicitly about the potential dangers of early signs of
disordered eating, such as dieting or weight loss in a child.
Finaly, a strategy for making the intervention more readily
accessibleis needed; although we had hoped to offer the original
intervention as part of the curriculum in the participating
schools, we were ultimately not allowed to do so. By offering
the program in a systematic normative manner to parentsin the
school setting, potential avoidance and stigma, which likely
interfered with engagement in the intervention, might be
reduced.
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Abstract

Background: Cognitive behavioral therapy (CBT) is the first-line treatment for adults with obsessive-compulsive disorder
(OCD), panic disorder (PD), and socia anxiety disorder (SAD). Patients in rural areas can access CBT via the internet. The
effectiveness of internet-delivered cognitive behavioral therapy (ICBT) has been consistently shown, but no clinical studies have
demonstrated the feasibility of ICBT with real-time therapist support via videoconference for OCD, PD, and SAD at the same
time.

Objectives. Thisstudy aimed to evaluate the feasibility of videoconference-delivered CBT for patients with OCD, PD, or SAD.

Methods: A total of 30 Japanese participants (mean age 35.4 years, SD 9.2) with OCD, SAD, or PD received 16 sessions of
individualized videoconference-delivered CBT with real-time support of atherapist, using tablet personal computer (Apple iPad
Mini 2). Treatment involved individualized CBT formulations specific to the presenting diagnosis; all sessions were provided
by the same therapist. The primary outcomes were reduction in symptomatology, using the Yale-Brown obsessive-compulsive
scale (Y-BOCYS) for OCD, Panic Disorder Severity Scale (PDSS) for PD, and Liebowitz Social Anxiety Scale (LSAS) for SAD.
The secondary outcomes included the EuroQol-5 Dimension (EQ-5D) for Quality of Life, the Patient Health Questionnaire
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(PHQ-9) for depression, the Generalized Anxiety Disorder (GAD-7) questionnaire for anxiety, and Working Alliance
Inventory-Short Form (WAI-SF). All primary outcomes were assessed at baseline and at weeks 1 (baseline), 8 (midintervention),
and 16 (postintervention) face-to-face during therapy. The occurrence of adverse events was observed after each session. For the
primary analysis comparing between pre- and posttreatments, the participants' points and 95% Cls were estimated by the paired
t tests with the change between pre- and posttreatment.

Results: A significant reduction in symptom of obsession-compulsion (Y-BOCS=-6.2; Cohen d=0.74; 95% Cl —-9.4 to -3.0,
P=.002), panic (PDSS=-5.6; Cohen d=0.89; 95% CI -9.83 to —1.37; P=.02), social anxiety (LSAS=-33.6; Cohen d=1.10; 95%
Cl -59.62t0 -7.49, P=.02) were observed. In addition, depression (PHQ-9=-1.72; Cohen d=0.27; 95% CI -3.26 t0 —0.19; P=.03)
and general anxiety (GAD-7=-3.03; Cohen d=0.61; 95% Cl -4.57 to —1.49, P<.001) were significantly improved. Although
there were no significant changes at 16 weeks from baseline in EQ-5D (0.0336; Cohen d=-0.202; 95% CI —0.0198 to 0.00869;
P=.21), there were high therapeutic alliance (ie, WAI-SF) scores (from 68.0 to 73.7) throughout treatment, which significantly
increased (4.14; 95% CI 1.24 to 7.04; P=.007). Of the participants, 86% (25/29) were satisfied with videoconference-delivered
CBT, and 83% (24/29) preferred videoconference-delivered CBT to face-to-face CBT. An adverse event occurred to a patient

with SAD; the incidence was 3% (1/30).

Conclusions: Videoconference-delivered CBT for patients with OCD, SAD, and SAD may be feasible and acceptable.

(J Med Internet Res 2018;20(12):€12091) doi:10.2196/12091

KEYWORDS

clinical tria; cognitive behavioral therapy; feasibility study; obsessive-compulsive disorder; panic disorder; socia anxiety disorder;

videoconference

Introduction

Background

Obsessive-compulsive disorder (OCD), panic disorder (PD),
and social anxiety disorder (SAD) arethe most common mental
disorders and incur a huge burden throughout the lifespan [ 1-4].
Cognitive behavioral therapy (CBT) has been found to be
effectiveintreating al of the 3 disorders[5-16]. Although CBT
isan effective treatment, it is difficult for all patientsto receive
CBT because of problems of access to treatment such as
expensive specialized medical treatment, lack of therapists, and
uneven urban distribution. Known as telemental health, a new
therapeutic approach, born out of technological innovation after
the internet revolution, has solved these problems. A patient
can now receive treatment from remote distance viathe internet,
regardless of physical or psychologica barriers such as time,
distance, and stigma from remote distance by the internet
[17,18]. For example, in internet-delivered CBT (ICBT), users
can receive their programmed treatment at any time, 24 hours
aday. In addition, the therapist’s involvement with the patient
can be reduced, optimizing treatment costs. Furthermore, a
therapist guide can be employed viaremote treatment, by using
videoconference in real time, without compromising linguistic
and nonverbal communication with the patient as much as
possible.

ICBT has been shown to be effective for OCD, PD, and SAD
from severa randomized controlled trials [19-35]. A recent
systematic review and meta-analyses using 20 studies comparing
ICBTs and face-to-face CBTs showed that ICBT and
face-to-face treatment produced equivalent overall effects[36].
Target diseases in this meta-analysis included SAD, PD, and
depression. In the other meta-analyses, comparing the
effectiveness of ICBT and face-to-face CBT with anxiety
disordersincluding OCD (defined according to the Diagnostic
and Statistical Manual of Mental Disorder I11 [37], I1I-R [38],
IV [39], and IV-TR or the International Classification of

http://www.jmir.org/2018/12/€12091/

Diseases 9 or 10 [40-42]), there were no clear differences
between them [43]. ICBT can be roughly divided into the 3
categories depending on how the therapist participates in the
program [44]: programs with no therapist assistance [45];
programs with assistance, where the therapists assistance is
minimal [46]; and live conversations on the internet, where the
therapist is fully involved using videoconference [47,48].
Although the effectiveness of ICBT has been suggested, there
is little knowledge about ICBT including videoconference. In
telemental health, which isanimportant themewhen considering
the optimization of social resources, the effectiveness of ICBT
should be examined based on the therapist's degree of
involvement. In this study, we examined thefeasibility of ICBT
with real-time videoconference, where the therapistswere fully
involved in treatment.

Videoconference-Delivered Cognitive Behavioral
Therapy

In videoconference-delivered CBT, the therapist and patient
use video and audio links to have a therapeutic conversation,
as in face-to-face CBT, which includes nonverbal information
such as expressions, body language, voice volume, and tone.
Therefore, among the ICBT options, thisallowsthe patient and
the therapist to have the strongest therapeutic relevance. In a
situation where real-time communication with the patient is
important, it is considered to be a powerful approach; for
example, when the therapist can enhance motivation through
role playing by performing internal sensory exposure in front
of apatient with serious panic PD.

Mental health services for remote populations via
videoconferences have yielded high satisfaction [17,49-52]. A
systematic review of videoconference-delivered CBT trials,
using 20 controlled studies, uncontrolled studies, case series,
and case studies for anxiety disorders including posttraumatic
stress disorder (PTSD) using the criteria of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-1V-TR), suggested
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amediumto large effect size [53]. At the sametime, there were
no clinical studies about videoconference-delivered CBT for
al of OCD, PD, and SAD. Comorbidity has often been seen
between OCD, PD, and SAD [54]; clinical trials of CBT with
additional remote systems to determine
videoconference-delivered CBT adaptation to normal clinical
scenes are thus meaningful. A randomized controlled trial
compared OCD using professional videoconferencing equipment
(n=10) with self-help (n=10) and wait-list (n=10) controls[51].
The results indicated large effect sizes (Cohen d=2.1-2.5); in
addition, 60% (6/10) of participants in the videoconference
condition achieved clinically significant changes at
posttreatment and 50% (5/10) did so at a 3-month follow-up.
Another controlled trial compared manualized CBT for PD and
agoraphobia by videoconference (n=11) with in-person CBT
(n=10) [52]. The results indicated no significant difference
between the conditions, but 81% (9/11) of participants in the
videoconferencing condition were panic-free at posttreatment
and 91% (10/11) at a 9-month follow-up; this indicated a very
large effect size for all panic and agoraphobia symptoms. An
uncontrolled trial, using 24 participants with SAD, applied
acceptance-based behavioral therapy via videoconference [50]
and found that 54% (13/24) of participants did not meet
DSM-IV-TR criteria for SAD at posttreatment. Large effect
sizesfor all social anxiety symptoms (Cohen d=1.23-1.91) were
obtained at post-therapy and at a 3-month follow-up. In addition,
it isknown that videoconference-delivered therapy can develop
asimilarly strong therapeutic aliance with psychotherapy clients
asin-person therapy [49,55].

Nevertheless, during this trial, the only national university
hospital with a CBT specialized outpatient in Japan was at our
facility alone, the Chiba University; most patients do not have
access to this treatment. For patients in Japan to receive CBT
viathe internet, it was necessary to examine the feasibility of
videoconference-delivered CBT.

Objective of This Study

Previous studies have consistently demonstrated the
effectiveness of videoconference-delivered CBT, but they have
small samples sizes and were conducted in Western countries.
Therefore, this pilot study utilized an open trial to examine the
feasibility and preliminary effectiveness of in-home CBT via
videoconference for Japanese adults with OCD [49], PD, and
SAD. It was hypothesized that videoconference-delivered CBT
would be effective to reduce the symptomatology for each
disorder from pre- to posttreatment and acceptabl e to Japanese
participants.

Methods

Study Design

This study was conducted as a single-arm, open trial at the
academic outpatient clinic of the Cognitive Behavioral Therapy
Center of Chiba University Hospital between March 2017 and
March 2018. Sincethistrial wasthefirst to employ anindividual
videoconference-delivered CBT intervention design against
OCD, PD and SAD in Japan, a single-arm trial examining
baseline predictors rather than effectiveness was considered to
be an appropriate design [56].

http://www.jmir.org/2018/12/€12091/
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Ethics and Dissemination

This trial was approved by the Institutional Review Board of
Chiba University Hospital (reference number: G28038). The
clinical trial registration number was UMIN000026609.

If an individual wished to participate in the trial, they had to
contact the study tria office, where they were informed about
the study objectives and asked to confirm whether they were
willing to participate. Furthermore, they were assured absolute
anonymity. They had to fill out an informed consent form for
participation in this study. All participants were informed that
they could continue receiving conventional drug treatments
from their primary doctors. We practiced videoconferencing
twice with participants.

Participants and Eligibility Criteria

The study participants were recruited through posters and
leaflets placed at medical ingtitutions in Chiba Prefecture,
through the official Web-based advertisements at the Cognitive
Behavioral Therapy Center of Chiba University Hospital and
by referrals from their primary care doctors or psychiatrists.
After email or tel ephone screening through Web-based app, the
participants visited our center and were diagnosed with OCD,
SAD, or PD using the Mini-International Neuropsychiatric
Interview [57,58].

Inclusion criteria for this study included informed consent to
participate in the study; having a primary diagnosis of OCD,
PD, or SAD; aged between 19 and 65 years, and having access
to theinternet at home. Comorbid mental disorders—including
major depressive disorder, other anxiety disorders, and eating
disorders—were permitted if they were clearly secondary,
considering that thistrial should reflect routine clinical practice.
The exclusion criteria were organic brain damage, dementia,
psychotic disorders, serious drug dependence, recurrent suicidal
and antisocial behaviors, and severe somatic conditions.
Participants, who used psychotropic drugs, including selective
serotonin reuptake inhibitors and benzodiazepines, were asked
to report al of changes regarding pharmacotherapy during the
study period.

Intervention

The participants entered a Web conference room by clicking a
URL in an email sent from their therapists. The intervention
was conducted at a 50-min session once a week for 16 weeks.
The modules were derived from previous studies on in-person
CBT for OCD [59], PD [60Q], and SAD [61] in Japan and
included psychoeducation, exposure exercises, behavioral
experiments, and homework assignments.

Therapists and Therapy Quality Control

Videoconference-delivered CBT was delivered by 12 therapists,
who were experienced in face-to-face CBT for patients with
OCD, PD, and/or SAD (including 7 clinical psychologists, 2
psychiatric social workers, 1 nurse, 1 psychiatric pharmacist,
and 1 psychiatrist). Therapists were trained in CBT programs
for patients with OCD, PD, and SAD and attended weekly
group-supervision sessions with other therapists as well as
undergoing individual supervision by a senior supervisor. All
therapists had completed a CBT training course (Chiba
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Improving Access to Psychological Therapies project:
Chiba-1APT) [62]. Of the therapists, 6 were female, with an
average age of 43.5 years (SD 7.5) and an average of 2.2 years
of clinical experience (SD 6.4) at the beginning of the study.
Senior  supervisors assessed the quality of the
videoconference-delivered CBT sessions using the Cognitive
Therapy Scale-Revised [63,64], a revision of the Cognitive
Therapy Scale designed by Young and Beck (unpublished data
[65,66]).

Visual Aids

The use of visua aids facilitates the learning process by
enhancing motivation and understanding of complex matters
[67]. Therefore, visual aids were used in each program to
enhance the participants understanding. The visua aids
consisted of several didesincluding key concepts of CBT. The
therapists conducted CBT sessionswith thevisual aidsby using
the screen-sharing function of the videoconference software,
sending them to the participants as password-protected
homework dides by email after each session.

Hardware

The therapists used 2 Surface Pro 2 computers—2-in-1
detachable produced by Microsoft , running Windows 10 Pro
(Microsoft Corporation, US). The display size was 10.6 inches
and aresolution of 1920x1080 pixels. Each participant waslent
an iPad Mini 2 (Apple Inc, US) with a 7.9-inch display and a
2048%1536-pixel resolution.

Software for Videoconference

A total of 3 licenses for videoconference software (Cisco
WebEX, Milpitas, CA, USA) wereused inthistrial. Thissystem
has been awarded 1SO27001 certification (regarding handling
of information security) and SSAE16 (Statement of Standards
for Attestation Engagements No. 16: former SAS 70)
compliance certification (issued by a third party). It aso
complies with the United States Health Insurance Portability
and Accountability Act. WebEX's use of a switching network
along with a128-hit Secure Sockets Layer encryption and public
key infrastructure is regarded by the Japan Ministry of Health,
Labor and Welfare to have solved the problem of safety, as
reported in their “ Guidelines on Safety Management of Medical
Information System Version 4.3" in March 2016 [68]. Since
the stability and safety of the software are excellent and it
sufficiently protects personal information, we judged WebEx
to be sufficiently reliable for this study.

M easures of Primary Outcomes

The most commonly used scales to measure symptoms of each
disorder were used as follows: the Yae-Brown
Obsessive-Compulsive Scale (Y-BOCS) for OCD symptoms
[69,70], the Panic Disorder Severity Scale (PDSS) for PD
symptoms [71,72], and the Liebowitz Social Anxiety Scale
(LSAS) for SAD symptoms [73,74].

To calculate responsiveness to treatment and the remission rate
after the intervention, the criteria of the previous studies
regarding the severity rating scale of each disorder was used
[62,64,65]. For OCD, treatment response was defined as a 35%
or greater reduction in the total Y-BOCS score, and remission

http://www.jmir.org/2018/12/€12091/

Matsumoto €t a

was defined as a final Y-BOCS score of <14 [75]. For PD,
treatment response was defined as a 40% or greater reduction
intotal PDSS score, and remission was defined asafinal PDSS
score of <5 [76]. For SAD, treatment response was defined as
a 31% or greater reduction in total LSAS score, and remission
was defined as afinal LSAS score of <36 [73].

M easures of Secondary Outcomes

We used the EuroQol-5 Dimension (EQ-5D) to measure
health-related quality of life [77,78]. This trial measured the
psychological bond between therapist and participant using the
Working Alliance Inventory-Short Form (WAI-SF) [79],
depressive symptoms using the Patient Health Questionnaire-9
(PHQ-9) [80,81], and generalized anxiety symptoms using the
Generalized Anxiety Disorder-7 (GAD-7) [82,83]. The
definition of the response in PHQ-9 and GAD-7 was defined
as a50% reduction in total score. We used 7-point Likert scale
format to measure participants satisfaction about
videoconference-delivered CBT asfollows. “ Very dissatisfied,”
“Dissatisfied,” “Slightly dissatisfied,” “Neutral,” “Slightly
satisfied,” “Satisfied,” and “Very satisfied.” In addition, the
participants were  asked about preference  of
videoconference-delivered CBT or face-to-face CBT asfollows:
“1f you could choose in the future, would you wish to receive
treatment with either face-to-face or videoconference CBT?’
Participants answered using a 7-point Likert scale as follows:
“Clearly prefer face-to-face” “Prefer face-to-face,” “Slightly

prefer  face-to-face” “Neutral,” “Slightly  prefer
videoconference-delivered CBT/ “Prefer
videoconference-delivered CBT,” and “Clearly prefer

videoconference-delivered CBT.”

Data Setting and L ocations

Participant and therapists used the Numbers app for iOSto run
the digital questionnaires, and the therapist asked each
participant to answer them by themselves on the tablet PC at
weeks 1, 8, and 16. Each participant sent an email with the
completed questionnaires of all primary outcomes (Y-BOCS,
PDSS, and LSAS) and part of secondary outcomes (EQ-5D,
PHQ-9, and GAD-7) to their therapist before each session and
sent an email with the completed questionnaires of the secondary
outcomes (WAI-SF and satisfaction/preference) attached after
session. The therapist checked outcomes and evaluated the
symptoms during the session, collaborating with the participant.
The collected datawere registered to the server of DATATRAK
ONE (DATATRAK International Inc, US) as Web case
registration system by the lead author and managed by the data
management office of Chiba University. This study adhered to
the CONSORT-EHEALTH guidelines for improving and
standardizing the report of Web-based and mabile health
interventions [84].

Adver se Events

To confirm the occurrence of adverse events after intervention,
the therapist asked the patient about their physical and mental
condition at the end of each session and instructed all
participants to report all adverse events by email.
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Statistical Analysis

Statistical analysisand reporting of thistrial were conducted in
accordance with the CONSORT-EHEALTH guidelines [84].
All statistical analyseswere described in the statistical analysis
plan, which was fixed before the database lock. All efficacy
analyses were primarily based on the full analysis set, which
included al patients who had received at least one session of
the videoconference-delivered CBT treatment. For baseline
variables, summary statistics were constructed, employing
frequencies and proportionsfor categorical dataand meansand
SDsfor continuous variables. Baseline variableswere compared
using the Fisher exact test for categorical outcomes and the
unpaired t test for continuous variables. For the primary analysis
comparing between pre- and posttreatments, the pointsand their
95% Cls were estimated by the paired t tests with the change
at week 16 from baseline in EQ-5D index scores for al of the
patientsin Y-BOCS for OCD, PDSS for PD, and in LSAS for
SAD. For comparison among the 3 disorders, aone-way analysis
of variance was used. Analyses of secondary outcomes were
performed in the same manner as the primary analysis.

In addition, we calculated Cohen d pre-post effect sizes by
caculating the mean differences between pre- and
posttreatments, dividing by the pooled SDs. We aso adopted
the criteria that a Cohen d of >0.20 was a small effect, that of
>0.50 was amedium effect, and that of >0.80 was alarge effect
[85]. All P values were two-sided; a value of P<.05 was
considered statistically significant. Statistical analyses were
performed using SAS softwareversion 9.4 (SAS | nstitute, Cary,
North Carolina, USA) and the R statistical program version
2.13 (The R Foundation, Vienna, Austria).

Results

Recruitment

Figure 1 shows the participant flow. A total of 37 patients
applied to participate through our website. After email or
telephone screening, 6 patients were excluded; 1 did not meet
one of the inclusion criteria due to epilepsy and 5 declined to
participate because of long distance to our hospital. After the
screening, 31 attended the face-to-face baseline assessment, and
one did not meet one of the inclusion criteria due to high risk
of suicide. Finally, 30 patients were enrolled to the study.

Attrition

Of the participants eligible to take part in the study, 1 SAD
participant with major depressive disorder dropped out after 9
sessions because of worsening of his depressive state. The
remaining 97% (29/30) completed the full course of
videoconference-delivered CBT. All data at point each
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assessment (screening, session 1, session 8, and session 16)
were statistically analyzed.

Clinical and Demographic Characteristics

The sample included 30 participants (6 males and 24 females),
aged 20 to 54 years (mean 35.4 years, SD 9.2), education 10to
19 years (mean 14.8 years, SD 2.1). Apart from primary
diagnoses, a summary of the participants demographic and
diagnostic information is presented in Table 1. Moreover, 15
participants continued to receive pharmacotherapy during the
trial (4 fluvoxamine, 2 escitalopram, 1 sertraline, 1 paroxetine
hydrochloride, 1 duloxetine, 1 mirtazapine, 1 trazodone, 1 ethyl
loflazepate, 1 aprazolam, and 1 clotiazepam).

Primary Outcomes

There were significant reductions for each symptoms of
obsession-compulsion (Y-BOCS=-6.2; Cohen d=0.74; 95% ClI
-9.4t0 -3.0; P=.002), panic (PDSS=-5.6; Cohen d=0.89; 95%
Cl -9.83 to -1.37; P=.02), and socia anxiety (LSAS=-33.3;
Cohen d=1.10; 95% CI -59.62 to -7.49; P=.02). Of the
participantswith OCD, 20% (2/10) showed atreatment response,
whereas 40% (4/10) went into remission [ 75]. Of the participants
with PD, 60% (6/10) showed a treatment response and 50%
(5/10) went into remission [76]. Of the participants with SAD,
44% (4/9) showed a treatment response and 22% (2/9) went
into remission [73].

Secondary Outcomes

Figure 2 shows the change in the primary outcomes. Table 2
shows the mean change in the EQ-5D scores, at 16 sessions
from baseline. The adjusted mean changes of the EQ-5D for all
of the 3 disorders was 0.0336 (95% Cl —0.0198 to 0.0869;
P=.21), which showed that it was not significant and showed a
small effect size (Cohen d=- 0.202).

Figure 3 also showsthe change in the secondary outcomes. The
mean changes in the PHQ-9 and GAD-7 scores reflected
significant decreases in total participants for the 3 disorders
(Table 3). The mean change in the WAI-SF reflected a
significant increase for the total sample. Table 4 shows
participants  satisfaction with and preferences for
videoconference-delivered CBT. Astheratings“ very satisfied”
and “satisfied” were combined, the mgjority of participants
(86%, 25/29) reported being satisfied  with
videoconference-delivered CBT. In that case, the ratings
“dightly prefer videoconference-delivered CBT,” “prefer
videoconference-delivered CBT,” and “clearly prefer
videoconference-delivered CBT” were combined; 83% (24/29)
of the participants preferred videoconference-delivered CBT to
face-to-face CBT. Conversely, 7% (2/29) of them preferred
face-to-face CBT to videoconference-delivered CBT.
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Figure 1. Participant flow.
Enrollment Ermail or telephone screening
(n=37)
Exclude (n=8)
- Mot meeting inclusion criteria (n=1}
: Declined to participante (n=5)
Assessed for eligibility
n=31)
Exclude (n=1)
» Mot meeting inclusion criteria (n=1)
Allocation Allocated to intervention (n=30)
Received allocated intervention (n=30)
Follow-Up n=29
Discontinued intervention
{n=1. due to a relapse depression)
[ A‘"aws ] Analysed n=20
Table 1. Clinical and demographic characteristics of participants (N=30).
Characteristics Al ocp? PDP SAD®
Age (years), mean (SD) 35.4(9.2) 37.7 (6.9) 38.8 (9.8) 29.7 (8.6)
Sex, n (%)
Male 6 (20) 2 (6) 0(0) 4(13)
Female 24 (80) 8(27) 10 (33) 6 (20)
Employment, n (%) 11 (36) 5(17) 2 (6) 4(13)
Combined pharmacotherapy, n (%) 15 (50) 6 (20) 5(17) 4(13)
Videophone use experience, n (%) 15 (50) 4(13) 6 (20) 5(17)
Comorbid disorders, n (%)
Depression 5(17) 1(3) 1(3) 3(10)
Panic/agoraphobia 2(6) 2(6) N/AY N/A
PTSD® 1(3) N/A 1(3) N/A
Alcohol dependence 1(3) N/A N/A 1(3)
Bulimia nervosa 1(3) N/A N/A 1(3)
GAD' 3(10) 2(6) N/A 1(3)

30CD: obsessive-compulsive disorder.
bpD: panic disorder.

CSAD: socia anxiety disorder.

dN/A: not applicable.

€PTSD: posttraumatic stress disorder.
fGAD: generalized anxiety disorder.
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Figure 2. Change of primary outcomes. LSAS: Liebowitz Social Anxiety Scale; PDSS: Panic Disorder Severity Scale; Y-BCOS: Yale-Brown

Obsessive-Compulsive Scale.
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Table 2. Mean change in EuroQol-5 Dimension score.

Session 8 S

ession 16

Disorder Mean change (95% ClI) P value (paired t test) P value (F test)
All (n=29) 0.0336 (~0.0198 to 0.0869) 21 N/A2

ocDP (n=10) 0.0488 (~0.0577 to 0.1553) 33 01

PD® (n=10) 0.0305 (—0.0393 to 0.1003) .35 91

saDd (n=9) 0.0201 (-0.1188 to 0.1591) 75 91

8N/A: not applicable.

POCD: obsessi ve-compulsive disorder.
PD: panic disorder.

dsAD: social anxiety disorder.
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Figure 3. Change of secondary outcomes. EQ-5D-5L: EuroQol-5 Dimension; GAD-7: Generalized Anxiety Disorder-7; PHQ-9: Patient Health

Questionnaire-9; WAI-SF: Working Alliance Inventory-Short Form.
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Table 3. Mean changesin secondary outcomes.
Measures and Disorder Mean change, t value (95% Cl) P value (paired t test) P value (F test)
PHQ-9%
All (n=29) -1.72 (-3.26 to -0.19) .03 N/AP
OCD¢ (n=10) -1.70 (-4.52 t0 1.12) 21 27
PDY (n=10) -0.30 (-1.65 to 1.05) .63 27
SADE (n=9) -3.33(-7.56 10 0.89) A1 27
GAD-7'
All (n=29) -3.03 (-4.57 to -1.49) <.001 N/A
OCD (n=10) -50 (-6.37 to -0.63) .002 68
PD (n=10) -2.10 (-3.4310 0.77) .006 68
SAD (n=9) -3.56 (—8.02 to 0.91) 10 68
WAI-SF9
All (n=29) 4.14 (1.24 10 7.04) .007 N/A
OCD (n=10) 3.00 (-1.77 0 7.77) 19 85
PD (n=10) 4.80 (-0.42 t0 10.02) .07 85
SAD (n=9) 4.67 (-2.66 t0 11.99) 18 85
3PHQ-9: Patient Health Questionnaire-9.
BNI/A: not applicable.
®OCD: obsessive-compulsive disorder.
9pD: panic disorder.
®SAD: socia anxiety disorder.
fGAD-7: Generalized Anxiety Disorder-7.
YWAI-SF: Working Alliance Inventory-Short Form.
Table 4. Satisfaction and preference.
Answer options n (%)
Satisfaction
Very dissatisfied 0(0)
Dissatisfied 0(0)
Slightly dissatisfied 103
Neutral 0(0)
Slightly satisfied 3(10)
Satisfied 9(31)
Very satisfied 16 (55)
Preference
Clearly prefer face-to-face 0(0)
Prefer face-to-face 1(3)
Slightly prefer face-to-face 1(3)
Neutral 3(10)
Slightly prefer videoconference-delivered CBT? 10 (34)
Prefer videoconference-delivered CBT 6 (21)
Clearly prefer videoconference-delivered CBT 8(28)

8CBT: cognitive behavioral therapy.
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Adver se Events

A total of 3 patients reported adverse events, including
depression relapse, headache, and feeling of exhaustion. The
depressive symptoms of 1 SAD patient with depressive disorder
worsened between the ninth and tenth sessions, when he was
travelling with hisfriend. Weidentified this as a serious adverse
event at the tenth session. He wanted to decline continuing with
videoconference-delivered CBT and dropped out of thetria at
that time. At 6 months after he received pharmacotherapy from
hispsychiatrist, he recovered the depressive episode. In addition,
1 PD participant reported a headache at the fourth session but
recovered in the same day. Furthermore, 1 OCD patient reported
a feeling of exhaustion after the 4th session but recovered in
the same day.

Discussion

Principal Findings

Thisstudy examined thefeasibility of videoconference-delivered
CBT in adult patients with mild to severe OCD, PD, and SAD.
Interventions based on CBT were conducted for each group
divided by primary diagnosis, and examination of symptom
improvement and acceptance of patients was conducted before
and after the intervention. We use different criteria for each
disease looking at the rate of responders to treatment (defined
as a 35% reduction in Y-BOCS obsessive-compulsive
symptoms, a 40% reduction in PDSS panic symptoms, and a
31% reduction in LSAS social anxiety symptoms); patients
satisfaction were also confirmed by using therapeutic alliance
and patients treatment acceptance. Improvement of the
symptoms was confirmed in 3 disorders; it was found that the
therapeutic alliance was achieved at a high level, and patients
satisfaction was extremely high. Therefore, this study showed
the feasibility of ICBT with real-time support of therapists to
Japanese patients except for depression [86].

Feasibility of Videoconference-Delivered Cognitive
Behavioral Therapy

Regarding the other primary outcomes, the calculated Cohend
for pre- to posttreatment were 0.74 for the Y-BOCS, 0.89 for
the PDSS, and 1.10 for the LSAS. The Cohen d scores were
classified asmedium and large. Though it is difficult to compare
these studies because the characteristics of the patients and/or
the methods were different, these results seem similar to those
of our face-to-face CBT studies [59-61]. These medium and
large effect sizes were aso found in the previous studies of
videoconference-delivered CBT (Cohen d=1.4-2.5) [50-52]. A
previous videoconference-delivered CBT study for OCD
reported that the treatment response rate was 60% (6/10).
According to asystematic review about face-to-face CBT studies
conducted between 2000 and 2014, the response rates were
43.3% for OCD, 53.2% for PD, and 45.3% for SAD [87]. The
response rates in this study were 20% (2/10) for OCD, 60%
(6/10) for PD, and 44% (4/9) for SAD. Previous
videoconference-delivered CBT studies reported that the
remission rate for PD was 81% (9/11) [52] and that for SAD
was 54% (13/24) [50]. The remission rates in our studies were
40% (4/10) for OCD, 50% (5/10) for PD, and 22% (2/9) for
SAD. Although comparisons of these results must be donewith
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caution, the response and remission rates of this study were
comparable with thosein the previous studies of in-person CBT
and videoconference-delivered CBT. In the future, it will be
necessary to verify the effectiveness of our
videoconference-delivered CBT through a randomized
controlled trial or noninferiority trial in comparison with
face-to-face CBT or videoconference-delivered CBT with
different methodol ogy.

There was no significant change (P=.21) in the EQ-5D scores
for all of the 3 disorders, the calculated Cohen d from pre- to
posttreatment was —0.202 and classified as small. In addition,
there were no significant differences in changes of the EQ-5D
score among the 3 disorder groups (P=.91). As described by
the previous reports[88], our findings suggested that the EQ-5D
was responsive in videoconference-delivered CBT for OCD,
PD, and SAD.

For the PHQ-9, a significant reduction between pre- and
posttreatment was observed for the entire sample (P=.03) There
were no significant differences in the PHQ-9 changes among
the 3 disorders (P=.27). The effect size for the 3 disorders was
small (Cohen d=0.27). After dividing each disorder, the effect
sizesranged from small to medium (OCD: Cohen d=0.23; PD:
Cohen d=0.07; SAD: Cohen d=0.64). As for the GAD-7, a
significant reduction pre- and posttreatment was observed for
the entire sample (P<.001). Although the change reflected a
medium effect size for the entire sample (Cohen d= 0.61), all
were medium for each disorder (OCD: Cohen d=0.75; PD:
Cohen d=0.79; SAD: Cohen d=0.67). There were significant
differencesin changes between the OCD and PD groups (OCD:
P=.002; PD: P=.006; SAD: P=.10) at week 16. A previous study
reported a response rate in GAD-7 of 50.9% following a
computerized CBT program, for 1062 adults who had GAD-7
scores of 10 or more at baseline[89] including 75 patients with
GAD, 47 with PD, 40 with SAD, and 18 with PTSD. In this
study, the treatment response rate for the GAD-7 was 45%
(13/29). The response rates of PHQ-9 and GAD-7 in this study
were similar to thosein a prior study [89]. Taken together, our
results suggest that videoconference-delivered CBT for OCD,
PD, and SAD might secondarily ameliorate symptoms for
generalized anxiety and depression.

Morethan half of the participants (55%, 16/29) who completed
the videoconference-delivered CBT reported the highest level
of sdtisfaction (“very satisfied”) with treatment via
videoconferencing, whereas 31% (9/29) reported that they were
“satisfied” (the second highest level). In other words, 86%
(25/29) of participants reported being satisfied with
videoconference-delivered CBT. These results are consistent
with those of previous studies[50,90]. Furthermore, 83% (24/29)
of the participants preferred videoconference-delivered CBT to
face-to-face CBT. Conversely, 7% (2/29) preferred face to face
CBT to videoconference-delivered CBT. Taken together, these
results indicated that videoconference-delivered CBT was
generally accepted by Japanese participants with OCD and
anxiety disorders.

Thetherapeutic alliance indicated by thetotal scores of WAI-SF
significantly improved throughout the treatment, from 68.9 (SD
12.3) at week 1t0 77.9 (SD 7.7) at week 16 (P=.007). Themean
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scores of the WAI-SF itemswere 5.7 (SD 0.97) at pretreatment,
6.1 (SD 0.95) a midtreatment, and 6.5 (SD 0.63) at
posttreatment. These results were comparable with those of a
previous study on videoconference-delivered CBT, where the
WAI-SF scoresincreased from 5.22 (SD 0.42) to 5.60 (SD 0.90)
in patients with SAD [50] and were 5.80 (SD 0.90) in patients
with OCD [51]. Furthermore, these therapeutic alliance scores
were comparable with those in a previous study on in-person
CBT, where the WAI-SF scores increased from 5.78 (SD 0.94)
t0 5.93 (SD 0.90) in patients with PD and from 5.32 (SD 0.87)
to 5.57 (SD 0.85) in patients with SAD [90]. Considering that
lower aliance is known to be associated with dropout [90], the
high aliance scores in this study can explain low dropout rate
(3%, 1/30).

The dropout rate of this study was 3% (1/30), as 97% (29/30)
completed the videoconference-delivered CBT treatment.
Dividing the 3 disorders, the dropout rate of 10% (1/10) of
participants with SAD was comparable with that of a previous
study of videoconference-delivered CBT (17%, 4/24) [50] as
well as a previous meta-analysis of 587 studies of in-person
CBT between 1990 and 2010 (18%) [91]. The dropout rate of
0% for OCD was comparable with that of a previous study of
videoconference-delivered CBT (0%, 0/10) [51] aswell asthe
results of ameta-analysisof studieson in-person CBT published
between 1993 and 2014 (15%) [92]. The dropout rate of 0% for
PD was similarly comparable with a previous study on
videoconference-delivered CBT (0%, 0/11) [52] as well as a
meta-analysisof in-person CBT studies published between 1993
and 2002 (12.7%) [93].

Limitations

Thisstudy has somelimitations, including its small samplesize,
lack of a control group, unstandardized outcomes
(satisfaction/preference of videoconference-delivered CBT),
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and long-term follow-up. Without a placebo control group and
pharmacotherapy group, it remains unknown whether the
observed improvements in symptom severity were merely the
natural course, a result of the drug, or the effect of the
intervention. Future studies should employ psychological
placebo conditions and pharmacotherapy conditions. Thus, a
3-armed randomized controlled trial comparing pill placebo as
the control group, videoconference-delivered CBT patients on
antidepressants, and videoconference-delivered CBT patients
who are drug-free should be designed and performed. We have
been conducting arandomized controlled trial that includesthe
pharmacotherapy condition to provide greater insight into this
CBT for PD since December 2016. In addition, we intend to
conduct similar trials for OCD and SAD in the near future.

Conclusions

This study demonstrated the feasibility of CBT with real-time
support by the therapist to remotely treat adult patients with
symptoms of obsessive-compulsion or anxiety, examining the
reduction in symptoms before and after the intervention, and
patient acceptance. Asit wasfound that the mutual relationship
between therapists and patients can be built on a high level by
patients and that patientsfelt satisfaction about remote treatment
with real-timetherapist support viavideoconference, we believe
that videoconference-delivered CBT can be easily implemented
on a larger scale in present Japan where the internet is easily
accessible. Future research should aim at increasing the reach
of intervention and determining whether the intervention is
indeed more approachable to people who are young patients or
those with alow socioeconomic status. Related to this matter,
because a patient’s understanding level and information
communication skills probably influence the effectiveness of
remote treatment, future studies should be made on designsthat
consider the contents of support of the therapist beyond the
absence or presence of guides.
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Abstract

Background: Web-based interventions that provide personalized physical activity advice have demonstrated good effectiveness
but rely on self-reported measures of physical activity, which are prone to overreporting, potentially reducing the accuracy and
effectiveness of the advice provided.

Objective: This study aimed to examine whether the effectiveness of a Web-based computer-tailored intervention could be
improved by integrating Fitbit activity trackers.

Methods: Participants received the 3-month Taylor Active intervention, which included 8 modules of theory-based, personally
tailored physical activity advice and action planning. Participants were randomized to receive the same intervention either with
or without Fitbit tracker integration. All intervention materials were delivered on the Web, and there was no face-to-face contact
at any time point. Changes in physical activity (Active Australia Survey), sitting time (Workforce Sitting Questionnaire), and
body massindex (BMI) were assessed 1 and 3 months post basdline. Advice acceptability, website usability, and module completion
were also assessed.

Results: A total of 243 Australian adults participated. Linear mixed model analyses showed asignificant increasein total weekly
physical activity (adjusted mean increase=163.2; 95% CI 52.0-274.5; P=.004) and moderate-to-vigorous physical activity (adjusted
mean increase=78.6; 95% Cl 24.4-131.9; P=.004) in the Fitbit group compared with the non-Fitbit group at the 3-month follow-up.
The sitting time and BM| decreased morein the Fitbit group, but no significant group x time interaction effects were found. The
physical activity advice acceptability and the website usability were consistently rated higher by participants in the Fitbit group.
Non-Fitbit group participants completed 2.9 (SD 2.5) modules, and Fithit group participants completed 4.4 (SD 3.1) modules.
Conclusions: Integrating physical activity trackers into a Web-based computer-tailored intervention significantly increased
intervention effectiveness.

Trial  Registration: Australian New  Zedland Clinical  Trids Registry = ACTRN12616001555448;
https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx71d=371793 (Archived by WebCite at
http://www.webcitation.org/73i0TxQX2)
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Introduction

Background

Regular physical activity is recommended to reduce the risk of
devel oping chronic disease (eg, diabetes, cardiovascular disease,
and cancer), mental health problems, mortality, and morbidity
[1,2]. Unfortunately, in Australia, and in most other developed
and developing nations, the majority of the population is not
meeting the physical activity recommendations [1,3]. This
causes a large burden of disease, reduced quality of life, and
high health care costs[2,4]. As such, the search for cost-effective
interventionsthat can effectively increase physical activity levels
in large populations is ongoing [5].

In thisregard, Web-based computer-tail ored interventions have
demonstrated  promising outcomes. Computer-tailored
interventionsaim to mimic face-to-face interactionswith health
professionalsand provide highly detailed and personally relevant
behavior changeinformation [6,7]. However, unlike face-to-face
experience, they have a wide reach with access to unlimited
numbers of Web users at low cost [6,7]. Personalized physical
activity adviceis provided after participants complete 1 or more
Web-based surveys. On the basis of participant responses and
using IF-THEN agorithms (eg, IF not meeting activity
guideline, THEN provide advice to increase activity levels),
relevant feedback is selected from a large database with all
possible response options [8]. Although a systematic review
found that 80% of studiesthat provided Web-based personalized
physical activity advice reported positive results at 3 months,
the effect sizes were relatively small and less than half of the
studies (47%) found significant effects 6 months after starting
the study, meaning that intervention effects are not maintained

[6].

As such, there is scope to improve the effectiveness of
computer-tailored interventions. Animportant limitation isthat
they depend on Web-based salf-report physical activity measures
to generate personalized advice. It is well known that many
people overestimate their self-reported activity levelsby alarge
margin [9]. For example, an Australian study showed that 24%
of the general population (and up to 58% in certain subgroups)
overreported their activity levels [9]. Inaccurate self-reported
physical activity can lead to participants being provided with
incorrect advice [10]. For example, because of overreporting,
someone might receive the message that they are meeting the
activity guidelines and do not need to become more active, when
thisisactualy not the case. When this happens, the intervention
isnot providing accurate and credible adviceto participantsand
will, therefore, not be as effective as it could be [10,11].
Therefore, new techniques to increase the effectiveness of
computer-tailored interventions are needed.

The proliferation of sophisticated activity trackers (eg, Fitbit)
provides a unique opportunity to improve the effectiveness of
computer-tailored interventions. These advanced activity

http://www.jmir.org/2018/12/€11321/

trackers can measure steps, heart rate, energy expenditure, sleep,
sedentary behavior, and physical activity intensity (ie, light,
moderate, or vigorous intensity) [12]. Furthermore, they allow
for automated data uploads to websites or apps via a wireless
connection. Assuch, these activity trackers can objectively and
accurately assess physical activity through continuous
monitoring [13]. The data generated by these activity trackers
can then conveniently and seamlessly be integrated into
computer-tailored advice without the burden of repeated
Web-based surveys, thus increasing the potential for providing
computer-tailored advice that is more credible and effective
when compared with using less reliable self-reports [11].
Moreover, replacing the Web-based surveys by activity trackers
may lead to greater intervention adherence, as participants in
previous computer-tailored studies have systematically reported
that there are too many questions that need to be answered
before they receive their personalized advice [14,15].

Objectives

Therefore, the objective of this 2-group randomized trial was
to examine whether aWeb-based computer-tail ored intervention
using Fithit activity trackers to generate personalized feedback
is more effective in increasing physical activity and engaging
participants compared with a computer-tailored intervention
using traditional self-reports.

Methods

Procedures and Participants

Participants were recruited across Australia using random digit
dialing (conducted by the Population Research Lab at Central
Queendand  University  [CQUniversity]), Facebook
advertisements, flyers, posters, word-of-mouth, and email lists
(ie, people who signed up to the Web-based 10,000 Steps
program [only those who had not used the program for at least
12 months were invited], CQUniversity alumni). Those
interested were directed to a landing page on the intervention
websiteto complete ascreening tool that determined eligibility.
Eligible participants were aged 18 years or above, living in
Australia, had asmartphone and computer with internet access,
scored 2 or more out of 5 on the Internet Self-Confidence Scale
[16], able to speak and read English, had a body mass index
(BM1) between 25 and 40, engaged in less than 150 min per
week of moderate-to-vigorous physical activity [17,18], had no
prior experiencein using an activity tracker, had not participated
in a physical activity intervention within the last 12 months,
and were able to safely increase physical activity assessed
through the physical activity readiness questionnaire (PAR-Q)
[19]. Those not meeting PAR-Q standards were instructed to
obtain medical clearance before participation was allowed.

After completing the Web-based screening tool, eligible
participants completed Web-based baseline surveys (see
Measures section below). After completing baseline
assessments, participantswere randomized into 1 of the 2 groups
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inaratio of 1:1 using arandom list generator and provided with
accessto the Taylor Active intervention (see Intervention section
below). All participants received access to the TaylorActive
intervention; however, only 1 group (the Fitbit group) received
aFitbit activity tracker to monitor physical activity objectively,
and the other group (the Non-Fitbit group) did not. In the Fitbit
group, participants were posted a Fitbit Flex, aong with
instructions on how to use it and sync data from the Fitbit to
the TaylorActive website. They only received access to the
TaylorActiveintervention 7 daysfollowing receipt of the Fithit,
so that it could collect physical activity data that could then be
immediately synced with the TaylorActive website upon first
use. Access was not delayed in the non-Fitbit group, as
participants were able to self-report the last week of activity
immediately. Follow-up measureswere assessed 1 and 3 months
post baseline. Participants in both groups received up to 3
reminder emailsand 2 phone call s'text messages when they did
not complete the surveys within the desired time frame. There
was no face-to-face contact with participants throughout the
entire duration of this study; all procedures were Web-based,
via phone or postal mail. Participants who complied with all
study procedures received an Aus $50 incentive for their
participation; those in the Fitbit group were able to decline the
incentive in exchange for keeping the Fitbit they received (they
were only informed about this option at the end of the study).

All participants provided informed consent, ethical approval
was obtained from the CQUniversity Human Ethics Committee
(H1608-227), and thetrial wasregistered at the Australian New
Zedland Clinical Trails Registry (ACTRN12616001555448).
All data were collected and analyzed in 2016 and 2017.

Intervention

Participants in both groups received access to a computer-
tailored physical activity intervention named Taylor Active [20].
The behavior change content of thisintervention was developed
in line with the theory of planned behavior [21],
self-determination theory [22], and social cognitivetheory [23].
Specifically, content was focused on enhancing intrinsic
motivation, self-efficacy, and intentions for increasing activity
levels. In addition, training was provided on self-regulatory
strategies to enhance the enactment of intentions into behavior
through effective goal-setting, action planning, use of socia
support, overcoming barriers, problem solving, decision making,
relapse prevention, and self-monitoring [21-23].

On the basis of short Web-based surveys, participants in both
groups were provided with behavior change content across 8
modules of personal physical activity advice delivered over a
3-month period. The first 4 modules were delivered weekly;
the next 4 moduleswere delivered every 14 days. The 8 modules
were organized in a set order and the next module could only
be accessed when the previous module was completed. All
moduleswere rel eased at a set time point based on parti cipants’
study start date. If participants did not access newly available
modules, they received up to 3 reminder emails. To generate
the personalized module content in the non-Fitbit group,
participants were asked questions about how active they have
been the previous week in conjunction with questions relating
toindividual, socid, environmental, and theory-based correlates
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of physical activity behavior. On the basis of the answers of
participants, and through applying IF-THEN algorithms,
personally relevant physical activity content was automatically
selected from a database. In the first session, participants were
asked to select their preference of 1 of 5 motivations to be
physically active: (1) to improve or maintain good health, (2)
to increase fitness, (3) to increase strength, (4) to lose weight,
or (5) to fedl better (improve mood and/or reduce stress). The
feedback and physical activity goals weretailored according to
participants’ preferred motivation.

The only difference between groups was the way in which
physical activity was assessed to provide personalized advice
for the 8 modules. In the non-Fitbit group, participants
completed an adapted version of the Godin-Shephard
Leisure-time Exercise Questionnaire at the start of each module
[24]. In the Fitbit group, physical activity was assessed using
a Fithit Flex (this device does not have a display other than 5
tiny LEDs; 1 LED illuminates for every 2000 steps taken; this
device does not nudge or buzz or beep when participants have
not been active for a while). Participants only needed to click
1 button on the Taylor Active website at the start of each module
to import physical activity data collected using the Fitbit. The
physical activity advice was structured in the sameway for both
groups, as equivalent variables were extracted from both
assessment methods (light, moderate, vigorous, and total
physical activity).

Participants in both groups also had access to a Library with
generic educational information about physical activity; atotal
of 19 brief articles were available about different aspects of
physical activity and what to do to increase physical activity
levels (eg, “Are you physically fit?" “Getting motivated,” and
“Making timeto beactive”). Finally, participantsin both groups
were encouraged to complete an action plan at the end of each
module [20]. Action plans are self-regulation strategies in the
form of setting up a detailed plan that can lead to better goal
attainment and help in behavior modification [25]. Practically,
it meant that participants were asked very specific questionson
how they would meet their activity goals. what activity they
would do, where they would do it, when they would do it, how
often they would do it, how long will each activity session be,
and with whom they would do it. At the start of creating an
action plan, participants were asked to set long-, medium-, and
short-term goals to reach their physical activity objectives.

More in-depth details about this intervention can be found in
the protocol paper for a different trial, only the “Intervention”
section (starting on page 3) from that paper is relevant for the
study described here [20]. As outlined in this protocol paper,
there are in fact 2 versions of the TaylorActive intervention, 1
version in which all personalized feedback is provided as text
on awebpage and the other version where feedback isdelivered
through personalized videos. Asthe main TaylorActive tria is
still ongoing, it was unknown at the time of this study which
version was more effective. As such, participants in this study
were equally randomized to text and video versions. Any effects
caused from these different versions were controlled for in the
statistical analysis. Discussing the impact of the different
versions of the TaylorActive intervention is outside the scope
of this paper.
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M easures

Basic demographic factors were assessed: sex, age, years of
education, income (<Aus $51,999; Aus $52,000-Aus $99,999;
>Aus $100,000; don’t know or no response), employment status
(full-time, part-time or casua, unemployed), height
(centimeters), and weight (kilograms). Height and weight
measures were used to calculate BMI of participants.

The 8-item Active Australia Qurvey was used to measure changes
in physical activity (please note: the Godin-Shephard
L eisure-time Exercise Questionnaire was only used to provide
participants in the non-Fithit group with personalized activity
advice; it was not used to assess study outcomes). This survey
assesses frequency and duration of walking for transport,
walking for recreation, moderate intensity physical activity, and
vigorousintensity physical activity [26]. Tota physical activity
was cal culated by summing the time spent in walking, moderate
activity, and vigorous activity (weighted by 2) according to
specified scoring guidelines[26]. M oderate-to-vigorous physical
activity was also calculated and did not include the time spent
walking. The Active Australia Survey has acceptabl e test-retest
reliability (intraclass coefficient=.64) and validity (r=.61) in
the Australian adult population and has been documented as a
useful evaluative tool for detecting intervention-related change
in physical activity [27,28].

Sitting time was measured using the 10-item Workforce Sitting
Questionnaire[29]. Participants reported time (hours or minutes)
spent sitting on usual working and nonworking daysin relation
towork, transport, television use, computer use, and other leisure
time sitting. One question also assessed the number of days
participants usually work in a week. Total sitting time was
defined as the sum of sitting time in all domains for all days.
This questionnaire has demonstrated adequate test-retest
reliability and validity [29].

The acceptability of the physical activity advice, website
usability, and Fitbit use were also assessed [ 14]. These questions
were based on previously published work where advice
acceptability of similar interventionswas assessed [14]. Finally,
module completion was tracked objectively through the
intervention website.

Statistics

Analyses were conducted using SPSS version 24. Descriptive
statistics of participants' demographics, total physical activity,
moderate-to-vigorous physical activity, total sitting time, and
BMI at baseline are presented. Group (Fitbit and non-Fitbit)
comparisons were conducted using t tests for continuous
variables and chi-square analyses for categorical variables. To
test for agroup (Fitbit or non-Fitbit) by time (baseline, 1 month,
and 3 months) interaction on total weekly physical activity, a
linear mixed model analysis was conducted. In total, 3 more
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separate linear mixed model analyses were conducted to test a
group by time interaction effects on moderate-to-vigorous
physical activity, sitting time, and BMI. All linear mixed model
analyses applied restricted maximum likelihood estimation to
reduce risk of bias from missing data [30]. All linear mixed
model analyses were adjusted for age, sex, education,
employment, income, version of the TaylorActive intervention
(video or text), and BMI (with exception of the model what was
examining BMI itself). The non-Fitbit group was the reference
variable for group, and baseline was the reference variable for
time.

Results

A total of 243 participants were randomized (see Figure 1 for
participant flow). The majority of participants were female
(182/243, 74.9%), employed full-time (129/243, 53.1%), and
earned a yearly income over Aus $51,000 (179/243, 61.0%).
The average age, BMI, and years of education were 51.5, 31.2,
and 14.8, respectively. At baseline, participants engaged in
106.8 min per week of total physical activity and 36.6 min per
week of moderate-to-vigorous physical activity; average daily
sitting time was 10 hours a day. There were no between-group
differences at baseline. Significantly more participants in the
non-Fitbit group did not compl ete assessmentsat 1 month (57%

vs 35%; x%=12.5; P<.001) and at 3 months (63% vs 36%;

x%=17.4; P<.001) compared with the Fitbit group. Participant
characteristics are reported in Table 1.

There were significant time effects at 1 and 3 months for both
groups for total physical activity and also a significant time by
group interaction at 3 months (adjusted mean difference=163.2
min; 95% Cl 52.0-274.5; P=.004) though not at 1 month (see
Table 2 and Figure 2). Total physical activity increased 119.3
min per week in the non-Fitbit group and 284.9 min per week
inthe Fitbit group at 3 months. Similarly, significant time effects
were observed at 1 and 3 months for moderate-to-vigorous
physical activity as well as a significant time by group
interaction at 3 months (adjusted mean difference=78.6 min;
95% CI 24.4-131.9; P=.004) but again not at 1 month. Total
moderate-to-vigorous physical activity increased 38.3 min per
week in the non-Fithit group and 117.2 min per week in the
Fitbit group at 3 months. Although there was a significant time
effect for sitting time in the Fitbit group at 3 months, no other
statistically significant time effects or interaction effects were
found. Sitting was, on average, reduced by 56 min per day in
the non-Fitbit group and 101 min per day in the Fitbit group at
3 months. For BMI, significant time effects were found at both
time points for the non-Fitbit group but only at 3 months for
the Fitbit group; no interaction effects were observed. BM| was
reduced by 1.07 in the non-Fitbit group and 1.54 in the Fitbit

group.
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Figure 1. Participant flowchart. CQUniversity: Central Queensland University, PAR-Q: physical activity readiness questionnaire, BMI: body mass

index.

Targeted for recruitment -

Recruitment source:
- Random Digit Dialling (n=1264)

(n=11,992) - E-mail: 10,000 Steps members (n=5728)
- E-mail: CQUni Alumni (n=5000)
4
Not eligible (n=654):
- Failed PAR-Q (n=84)
- Low internet self-confidence (n=46)
(n=966) = | - BMI too high (n=78)
- Too active (179)
- Prior tracker use (n=81)
- No suitable computer (n=115)
- Participated in prior program (n=22)
4
T e Lost prior to baseline completion (n=69):
Ellglblt?r::;lazr;mpate = | - Provided no contact details (n=13)
- Did not complete baseline assessment (n=56)
. 4
Baseline complete and
randomized
(n=243)
4 d
Non-Fitibit group Fitibit group
(n=122) (n=121)
4 \ 4
Completed 1-month Completed 1-month
assessment assessment
(n=52) (n=79)
4 4
Completed 3-month Completed 3-month
assessment assessment
(n=48) (n=78)
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Table 1. Baseline participant characteristics as well as physical activity, moderate-to-vigorous physical activity, sitting time, and body mass index at

Vandel anotte et al

all time points.
Baseline characteristics All participants (N=243) Non-Fitbit (n=122)  Fitbit (n=121)  Pvalue®
Sex, n (%)
Male 61 (25.1) 29 (23.8) 32(26.4) 63
Female 182 (74.9) 93(76.2) 89 (73.6) b
Agein years, mean (SD) 51.5(11.1) 51.5 (10.6) 51.6 (11.6) .94
Education in years, mean (SD) 14.8 (3.4) 14.4 (3.0) 15.1(3.7) .09
Employment, n (%)
Full time 129 (53.1) 67 (54.9) 62 (51.2) 33
Part-time or casual 54 (22.2) 30 (24.6) 24 (19.8) —
Other 60 (24.7) 25 (20.5) 35(29.0) —
Income, n (%)
<Aus $51,999 64 (26.3) 33(27.0) 31 (25.6) 14
Aus $52,000-Aus $99,999 81(33.3) 46 (37.7) 35(28.9) —
>Aus $100,000 67 (27.6) 33(27.0) 34(28.1) —
Don't know or no response 31(12.8) 10(8.2) 21 (17.9) —
Recruitment source, n (%)
10,000 steps database 79 (32.5) 41 (33.6) 38(31.4) 54
Population research lab 79 (32.5) 41 (33.6) 38(31.4) —
Facebook ads 28 (11.5) 16 (13.1) 12 (9.9 —
Central Qqueensland University alumni database 17 (7.0) 6(4.9) 11(9.3) —
Other 40 (16.4) 18 (14.8) 22(18.1) —
Body massindex, mean (SD)
At basdline 31.2 (4.5) 31.1(47) 31.4 (4.4) 63
At 1 month 30.6 (4.3) 30.4 (4.5) 30.7 (4.2) —
At 3 months 30.0 (4.5) 30.1 (4.6) 29.9 (4.4) —
Total physical activity in minutes per week, mean (SD)
At basdline 106.8 (147.4) 110.7 (150.7) 102.8 (144.4) .67
At 1 month 300.1 (306.4) 250.2 (293.4) 3330(3121) —
At 3 months 329.2 (324.0) 230.0 (164.1) 387.7(377.7) —
M oder ate-to-vigor ous physical activity in minutes per week, mean (SD)
At basdline 36.6 (76.5) 415 (80.4) 31.6 (72.4) 31
At 1 month 109.3 (164.8) 87.3 (146.5) 1238(175.2) —
At 3months 123.2 (154.3) 79.8 (77.1) 1488 (181.1) —
Total sitting timein hours per day, mean (SD)
At baseline 10.0 (3.6) 10.1(3.3) 9.9(3.8) 59
At 1 month 9.3(3.7) 9.2(3.5) 9.3(3.9) —
At 3 months 8.6 (4.2) 9.2(3.6) 8.2 (4.5) —

#The P values reported are the outcomes of t tests (continuous variables) or chi-square tests (categorical variables) and only relate to comparing Fitbit
and non-Fitbit groups at baseline (hence, no P values are reported for 1- and 3-month outcomes).

BNot applicable.
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Table2. Linear mixed models analysis comparing changein total physical activity, moderate-to-vigorous physical activity, sitting time, and body mass
index between Fitbit and non-Fitbit groups at 1 and 3 months adjusted for baseline levels.

Characteristics® Time-effects Time by group interaction-effects (ref-
erence=non-Fitbit group)
Fitbit group Non-Fitbit group Adjusted mean difference P value
from baseline (95% CI)
Adjusted mean difference Pvalue Adjusted mean difference P value
from baseline (95% CI) from baseline (95% CI)
Total physical activity (weekly minutes)
1 month 222.93 (154.98 t0 290.87) <.001  152.00 (80.04 to 223.96) <001  77.89(-23.30t0179.07) 13
3 months 270.12 (188.86 to 351.36) <.001 110.24 (56.39 to 164.10) <.001 163.26 (52.03 to 274.50) .004
M oder ate-to-vigorous physical activity (weekly minutes)
1 month 89.59 (50.64 to 128.53) <.001 50.90 (19.21 to 82.60) .002 38.37 (-16.02t0 92.77) 17
3 months 110.46 (72.38 to 148.54) <001 31.13(5.02t057.24) .002 78.65 (25.40 to 131.89) .004
Sitting (daily minutes)
1 month -34.33(-88.61 t0 19.94) 21 -40.20 (-99.38 to 18.98) .18 8.58 (-71.8 t0 88.98) .83
3 months -103.72 (—156.68 to -50.75) <.001 -31.90 (—-83.32 to 19.51) 22 -70.10 (—147.74 t0 7.53) .08

Body massindex
1 month -0.20 (-0.41 to 0.01) .06

3 months -0.72 (-1.04 to 0.40) <.001

-0.44 (-0.72 t0 -0.16)
-0.62 (-1.03 10 0.21)

.002
.004

0.23 (-0.12 t0 0.57) 18
-0.12 (-0.63t0 0.40) 66

3_inear mixed models included all participants at all time points, as such N=243 for all analyses. Analyses were adjusted for age, gender, education,
employment status, income, body mass index (BMI; the BMI model was not adjusted for BMI), and video or text advice. The reference variable for
time was the baseline measure, and the reference variable for group was the non-Fitbit group.

Figure 2. Total physical activity and moderate-to-vigorous physical activity at baseline, 1 month and 3 months.
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Table 3 presents outcomes on user acceptability of the advice,
intervention website, and Fitbit. Both the physical activity advice
acceptability and the website usability were consistently rated
higher (though not always significantly higher) by participants
in the Fitbit group. In terms of advice acceptability, significant
differences were found for the questions there were too many
guestions to access the advice,the advice taught me something
new about my physical activity, and | shared the advice with
others. In terms of website usability, significant differences
were found for the questions | want to continue to use the
website, the website is easy to use, and | used the website once
per week or more. The Fitbit group also indicated the use of the
Fitbit itself was favorable and augmented the persona advice
delivered through the website. For example, participants
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indicated (agreed or strongly agreed) that the value of the
tailored advice wasincreased (74.4%), that the advice was more
credible (67.9%), and more personally relevant (76.9%). The
majority of participants (85.9%) thought it was easy to sync
Fitbit data with the TaylorActive website.

Figure 3 demonstrates how much exposure participants had to
the intervention content. A higher percentage of participantsin
the Fithit group completed each module except the first one.
Doublethe proportion of participants completed the final module
in the Fitbit group compared with the non-Fithit group (27.3%
vs 13.9%). On average, non-Fitbit group participants completed
2.9 (SD 2.5) modules and Fithit group participants completed
4.4 (SD 3.1) modules.
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Table 3. Physical activity intervention acceptability, website use, and Fitbit use.

Acceptability and usability questions Non-Fithit (n=46) Fitbit (n=78) P value?

Advice acceptability (% agreed or agreed strongly)b

Did you view al the advice 45,7 70.5 .16
There were too many questions to access the advice 30.5 16.7 .02
| changed my opinion about being active 28.3 46.1 15
The tailored advice was credible 80.7 87.0 .36
The advice taught me something new about my physical activity 41.3 65.4 .03
Too much advice was provided per module 15.2 12.8 44
The tailored advice helped me reach my goals 41.3 51.3 74
| shared the advice with others 22 19.2 .006

Website usability (% agreed or agreed strongly)

| want to continue to use the website 48.1 81.0 .003
The websiteis easy to use 67.3 82.3 .02

| like the presentation of the website (layout, colors) 57.7 68.3 48

| used the website once per week or more 50.0 71.0 <.001

Fitbit usability® (% agreed or agreed strongly)

The Fitbit improves the value of the tailored advice _d 74.4 —
The Fitbit improves the credibility of the tailored advice — 67.9 —
The Fitbit improves the personal relevance of the tailored advice — 76.9 —
The Fitbit improves the user-friendliness of the tailored advice — 69.3 —
It was easy to sync data between Fitbit and the intervention website — 85.9 —
| wore the Fithit every day during the study — 731 —
The Fitbit helps me to increase my physical activity — 835 —
| would like to continue using the Fitbit — 91.2 —
The Fitbit is easy to use — 96.2 —
The Fitbit is comfortable to wear — 83.5 —

#The P values reported are the outcomes of t tests.

ball guestions were scored on a 5-point Likert scale, only the sum of participants who Agreed or Srongly Agreed with each statement is presented in
the table.

®Only participantsin the Fithit group were asked questions about Fitbit use.
dNot applicable.
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Figure 3. Average module completion for the Fitbit and non-Fitbit group for each of the 8 available modules.
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Discussion

Main Outcomes

The main aim of this study was to examine whether integrating
aFitbit activity tracker into acomputer-tailored physical activity
intervention increased the effectiveness of theintervention. The
study findings clearly support the integration of activity trackers
into a Web-based physical activity intervention that provides
participants with personalized advice. Total physical activity
increased morethan twice asmuch in the Fitbit group, compared
with the non-Fitbit group, and moderate-to-vigorous physical
activity increased nearly 3 timesas much at 3 months. Thelack
of significant interaction effects at 1 month may be explained
by participants not having received all intervention content at
this stage. These findings indicate that it takes some time to
change behavior, and physical activity levels were ill
increasing at that point in time (see Figure 2).

To date, only a few other studies have examined the use of
activity trackers (ie, mostly traditional pedometers) in
combination with computer-tailored advice[10,11,31]. However,
none of these trials directly compared the effectiveness of a
computer-tailored intervention with and without activity
trackers. For example, Compernolle et al [11] demonstrated the
effectiveness of step-based computer-tailored advice that used
pedometers but compared this with a no intervention control
group. Another study by De Cocker et a [10] compared
pedometer-based computer-tailored advice with a pedometer-
only group; although the group that also received the tailored
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adviceintervention increased their activity somewhat morethan
the pedometer-only group, the difference was not significant.
Finaly, Slootmaker et a [31,32] compared activity
tracker—based physical activity advice with ausual care control
group and did not seeimprovementsin physical activity in either
groups. Although innovative at the time (before the proliferation
of smartphone), this study may have been ahead of itstime, and
the acceptability and user-friendliness of the technology may
have been low. The use of smartphones and advanced activity
trackersis now commonplace, and the technology is generally
well designed and accepted, which may explain the better results
in our study. This is confirmed by the strong acceptability
outcomes observed in this study. All components of the
intervention (advice acceptability, website usability, and Fitbit
usability) were rated more highly in the Fitbit group compared
with the non-Fitbit group. Remarkably, even the design of the
intervention was rated higher in the Fitbit group, despite being
identical acrossgroups. The syncing of Fitbit data also received
high ratings, despite first having to sync data with the Fitbit
platform (this can happen automatically depending on app and
phone settings) before being able to sync with the
computer-tailored intervention. The impact of the Fitbit
integration is also demonstrated in terms of module completion,
with twice asmany partici pants completing all computer-tailored
modulesin the Fitbit group.

Although theintervention did not focus on reducing sitting time
(nor did the Fitbit buzz as a prompt for prolonged sitting),
substantial reductionsin sitting time were observed; asignificant
time effect at 3 months was found for the Fitbit group, which
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reduced sitting by almost 12 hours per week. Many other
physical activity interventions have also examined the impact
on sitting time[11,33,34], and most of these studies show little
to no effects on sitting time. Similarly, although the overall
intervention did not focus on reducing weight nor included a
diet component, substantial BMI reductions were found, with
significant time effects in both groups. However, weight loss
was the most popular motivation among participants for
becoming more active, and a large proportion of participants
did select this option (37.1%, data not reported in the Results
section). For these participants only, the personalized physical
activity advice they received incorporated a weight loss focus
though recommending higher activity levels (no dietary advice
was provided). Nevertheless, this finding is remarkable as
weight lossinterventions without a dietary component are often
not very effective [35,36].

Strengths and Limitations

Despite the significant findings and the novelty of the study,
several study limitations should be noted; as such, the study
findings should be interpreted with some caution. First, the
study did not have a control group or atracker-only group; it is
possible that outcomes in the Fitbit group are because of the
Fitbit itself, and not because of the combined intervention. A
more robust study design (including a Fitbit-only group) is
needed to clarify thisand disentangl e these effects. On the other
hand, higher website usability and acceptability in the Fitbit
group suggests the computer-tailored website was genuinely
contributing to the increase in physical activity, as participants
could have chosen to only use the Fithit and ignore the
computer-tailored website, but rather they used it more than
participants who did not receive a Fitbit. Second, the
intervention groups were small and dropout was high. However,
the posthoc power calculations demonstrated sufficient power
to detect significant between-group differencesfor total physical
activity (89.3%) and moderate-to-vigorous physical activity
(83.7%) at the 3-month time point. Thetotal lack of face-to-face
interaction with participants (thus, low accountability), may
have contributed to the high levels of dropout [37,38]. High
dropout rates are common in Web-based interventions [39,40].
It was nevertheless interesting to observe that just providing
participantswith aFithit significantly increased retention. Many
intervention studies have found higher dropout in intervention
groups (or higher intensity intervention groups) compared with
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control groups because of the additional burden of actively
participating and trying to improve health behavior [15]; this
did not apply to our study. Third, although the Fitbit objectively
assessed physical activity, we were not able to use Fitbit data
to assess change over time as only 1 intervention group was
provided with a Fitbit. Budgetary constraints meant we had to
rely on a self-report measure to assess change over time, and
although the Active Australia Survey has demonstrated it can
detect change over time[28], the findings should be interpreted
with caution. Astheintroduction pointsout, self-report physical
activity measures are prone to overreporting [9]; however, in
theory, the measurement error should be consistent across
groups, so it islikely that the difference between groupsisreal,
but the magnitude of the outcomesisless certain. Fourth, there
was no longer-term follow-up to assess changes in behavioral
outcomes. The 3-month assessment was immediately after the
end of theintervention delivery, so behavior change maintenance
effects and differences between groups could not be tested.
Maintenance of physical activity improvements has been very
difficult to achieve, with the majority of studies showing
declines in activity levels after the intervention has finished
[41,42]. Finaly, athough the accuracy and validity of
commercial consumer-level activity trackers are high, there is
room for improvement [12]. As such, in a small number of
participants, the personalized advice generated using Fitbits
may still have been somewhat inaccurate and indicated they
were meeting guidelines when they were not in reality.
Therefore, manufacturers are encouraged to continueto improve
the quality of the devices, and researchers are encouraged to
continue to assess their accuracy in validity studies.

Conclusions

In conclusion, integrating physical activity trackers into a
Web-based computer-tailored intervention significantly
increased intervention effectiveness in overweight or obese
participants. Due to the technology-based nature of this
intervention, it is possible to reach alarge number of people at
an acceptable cost and improvetheir physical activity behavior.
As such, the potential of combining advanced activity trackers
with sophisticated computer-tailored interventions is large.
However, given the study limitations, follow-up studies with
more robust designs (objective outcome measures and
longer-term follow-up including control and tracker-only
groups) are needed to confirm these outcomes.
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Abstract

Background: Construction work frequently involves heavy physical work, and a reduction of the physical workload should
have high priority. Technological development has made it possible to obtain field measurements with surface electromyography
(SEMG), kinematics measured with inertial measurement units (IMUs), and video recordings. However, no studies have used
these methods simultaneously to detect situationswith excessive physical workload (events) during aworking day. Thus, knowledge
about these specific events may combat work-related risk factors. Participatory ergonomics (PE) has shown promising results,
but whether it can be used as atool to reduce the physical workload during construction work remains unknown.

Objective: Thiscluster randomized controlled tria investigated whether a PE intervention with technical measurements consisting
of IMUs, sSEMG, heart rate monitoring, and video recordings of physical workload could reduce the number of events with
excessive physical workload during aworking day. Furthermore, other outcomes were obtained from questionnaires.

Methods: A tota of 80 male full-time construction workers (aged 19 to 67 years) were randomized at the cluster level (gang)
to a PE intervention consisting of 3 workshops (7 gangs and 32 workers) or to a control group (8 gangs and 48 workers). The
physical workload was recorded by technical measurements, that is, IMUs, SEMG, heart rate monitoring, and video recordings
during afull working day at baseline and 3 and 6 months' follow-up. On the basis of the technical measurements, a custom-made
computer program detected the situations (events) where the construction workers were exposed to excessive physical workload
and used in the intervention. Differences in the number of events from baseline to follow-up between intervention and control
were evaluated using linear mixed models (intention-to-treat), with individual nested in cluster as a random factor. Furthermore,
guestionnaires were filled out on test days.

Results: The results of the primary outcome showed no change in the number of events with excessive physical workload.
However, compared with the control group, the other outcomes showed decreased general fatigue after a typical working day
(P=.001) and increased influence on own work (P=.04).

Conclusions: This PE intervention with technical measurements did not reduce the number of events with excessive physical
workload during construction work. However, the intervention led to decreased general fatigue and increased influence on own
work.

Trial Registration: ClinicalTrials.gov NCT02498197; https://clinicaltrial s.gov/ct2/show/NCT02498197 (Archived by WebCite
at http://www.webcitation.org/74SZ3DIWS)

(J Med Internet Res 2018;20(12):€10272) doi:10.2196/10272
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Introduction

Background

Work-related muscul oskel etal disorders (WM SDs) such aslow
back pain and shoulder pain constitute a substantial problem
for individuals, workplaces, and societies[1-3]. At theindividual
level, WMSDs increase risk of poor health, sick leave, and
premature exit from the labor market [1,4,5]. For workplaces,
workers with WMSDs have lower workability and are more
likely to have long-term sickness absence [6,7]. For the societies,
WM SDs lead to substantial expenses regarding treatment, lost
production, and sickness absence [1,8]. Heavy physical work
is a known risk factor for developing WMSDs [9,10]. In
particular, heavy lifting, pushing or pulling, and working in
awkward postures have been associated with low back pain [11]
and sickness absence [4,12,13]. Construction work consists of
ahigh degree of heavy physical work [14,15]. Consequently, a
reduction of the physical workload to promote sustainable
working careers [16] in construction work should have high
priority. Moreover, a systematic review highlighted an urgent
need for interventions focusing on reducing WMSDs in
construction workers[17]. In addition, most field studiesin the
construction industry are based on self-reported measurements
[17]. Hence, a more technical approach may enable objective
evaluation of theloading and provide better groundsfor targeted
and effective interventions.

Technical Measurements

Technological development has made it possible to obtain field
measurements with surface el ectromyography (SEMG) [18,19],
kinematics measured with inertial measurement units (IMU)
[20-23], or acombination [24]. However, no studies have used
SEMG, IMU, and video recordings obtained simultaneously to
detect events with excessive physical workload (events) during
a working day. Thus, knowledge about these specific events
may be an important tool for engaging workers to combat
work-related risk factors.

Participatory Ergonomics

In participatory ergonomics (PE), the workers are involved in
the decision processes. Systematic reviews have reported that
PE has positive effects on musculoskel etal symptoms [25] and
thereby may lead to increased productivity and reduced
occupationa risk factors[26]. Furthermore, asystematic review
has shown that participatory responsibility concerning the
identification of risk factors, development of solutions, and
implementation is important to succeed in the participatory
process [27]. Nevertheless, the evidence for preventing
neck-shoulder and low back pain through ergonomics
interventionsis questionabl e because the number of randomized
controlled trials are limited [28].

Objectives

This cluster randomized controlled trial investigated whether a
PE intervention with technical measurements could reduce the

https://www.jmir.org/2018/12/€10272/

number of events with excessive physical workload during a
working day in the construction industry We hypothesized that
the PE intervention invol ving both managers and workerswould
lead to areduction in the number of events of excessive physical
workload.

Methods

Study Design

Thisstudy wasa2-armed, parallel group, single-blinded, cluster
randomized controlled trial with alocation conceament
performed at construction sites across Denmark from May 2016
to June 2017. Clusters were defined as construction gangs. The
organization of construction work, that is, working in
construction gangs, wasthe reason for choosing acluster design.
Theintervention consisted of 3 workshops based on individual
technical measurements of excessive physical workload. The
technical measurements to detect excessive physical workload
have previously been validated in controlled |aboratory settings
[29] and were conducted at baseline and 3 and 6 months
follow-up.

Ethics

According to the Helsinki declaration, participants received
written and oral information about the purpose and content of
the study before signing the informed consent form. The study
was approved by the local ethical committee of Frederiksberg
and Copenhagen (H-3-2010-062) and registered with the Danish
Data Protection Agency (215-57-0074) and Clinical Trials.gov
(NCT02498197). The reporting followed the CONSORT
statements for cluster randomized trials [30] and CONSORT
eHealth [31] (Multimedia Appendix 1). Design of the effect
evaluation and process eval uation have previously been reported
[32,33]. Thisstudy reports data solely from the effect eval uation.

Participants

The inclusion criterion was full-time construction work. The
exclusion criteria were life-threatening diseases and
hypertension >160/100 mmHg. A total of 9 participants were
excluded before the baseline test. Moreover, 80 participants (15
clusters (gangs)) met the inclusion criteria and completed the
baseline test. The flow of participant enrollment is illustrated
inFigure 1.

Randomization and Blinding

The randomization was performed by aresearcher who was not
involved in data collection (LLA). Block randomization of the
construction gangs was chosen for practical reasons and was
performed continuously as the baseline tests were compl eted.
The researchers performing the data collection were not aware
of the block size or group allocation. Blinding of participants
isnot possiblein behavioral interventions. The dataanalyst and
the statisticians were blinded to group allocation.
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Figure 1. Participant’s recruitment flowchart. TrpR: trapezius right; TrpL: trapezius left; ESR: erector spinae right; ESL: erector spinae left; IMU SH:
inertial measurement unit, shank.

| D | 37 construction companieswere
contlacted 29 companies were notinterested
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1 company did notemploy concrete
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3 construction companies would 3 companies could not find suitable
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17 construction gangs were {14%)
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] 2 construction gangswere not
Baseline questionnaire interested (12%)
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employed Workshop 3
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anymore First follow-up First follow-up anymore
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| Analysis |
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Intervention

Theintervention was carried out at gang level and consisted of
workshops or reading handouts for the intervention group and
control group, respectively.

I ntervention Group

The workshops were organized in a 3-phase structure inspired
by an action research approach [34]. The programs aimed to
create possibilitiesfor change by enabling engagement between
the technical measurements and the participants. The first
workshop was designed with main inspiration from the future
wor kshop; atype of workshop that usually consists of 3 phases:
(2) critique, (2) utopia, and (3) realization [35]. In our design,
the critique phase was replaced by an introduction of the video
recordings of the participants own work and a description of
the physical workload measured in relation to each video
recording. Subsequently, the participants decided which work
situations should be modified during the intervention. In the
utopian phase, the participants discussed in groups each selected
work situation. The participants were to discuss and describe
how the selected work process could be carried out in the best
of all worlds with minimal physical exertion. In this phase, the
participants were instructed not to take any barriersinto account
to facilitate creative resourcefulness. In the realization phase,
the participantswere asked to consider possibilitiesand barriers
to reach the utopias. Furthermore, a plan of action was written.

In the second workshop, the partici pants were asked to recapture
the focal points of the first workshop and to describe the
progress concerning each of the selected topics in the first
workshop. Then, they were encouraged to describe the barriers
they had encountered in the process of reaching the goals of
changing the working situations. Following this, the researchers
described the current knowledge on organizational and social
practices about WMSDs in the construction industry. The
purpose of this was to nudge the participants to increased
creativity and to challenge potentially frozen conceptions of
how work should be done. Finaly, the participants were
encouraged to come up with further ideas on how to work
toward the utopias or to aim for new utopiasif they had reached
their initial goals.

The third workshop had the purpose of anchoring initiatives.
The researchersinitially asked the participants to describe the
status of the goals set earlier in the project. Then, the participants
wereinvited to discuss whether the organization would be able
toimplement theinitiatives of the project into long-term working
practice and to come up with ideasfor initiativesthat could help
secure this long-term anchorage.

Control Group

The control group received handouts about WM SDs [36] and
lifting guidelines from The Danish Working Environment
Authority [37]. These handouts described the association
between WM SDs and the impact on working life, regulations
for the prevention of WMSDs, and which precautions should
be taken to limit WMDSs [36]. Furthermore, the handouts
described the regulations for lifting, pushing and pulling, and
therisk of injuries[37].

https://www.jmir.org/2018/12/€10272/
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Technical Measurements

At baseline and 3 and 6 months' follow-up, the participants
were equipped with sSEMG, IMU, cameras, and heart rate
monitors. The SEMG, IMU, and camera were synchronized
[29], whereas the heart rate monitor was used to estimate the
overal activity level during the working day.

The procedure for placement of SEMG electrodes is described
elsewhere [29,32,38]. In short, SEMG electrodes (Blue Sensor
N-00-§/25, Ambu A/S, Badlerup, Denmark) were placed
bilaterally over the erector spinae and the upper trapezius
muscles [39] according to the Surface Electromyography for
the Non-lnvasive Assessment of Muscles (SENIAM)
recommendations [40]. A reference electrode was placed over
the C7 vertebra. The SEMG signals were amplified 19.5 times
using a 24-bit portable data-logger (Nexusl0, Mind Media,
Herten, Netherlands) and sampled at 1024 Hz.

IMU including triaxial accelerometer and gyroscopes
(ActiGraph GT9X Link, ActiGraph, Pensacola, United States)
were positioned on the upper back at T1-T2 level [41] and the
thigh. Thelatter was used for obtaining the number of steps per
day [42]. When positioned, the IMUs were calibrated in a
standing neutral position (N-pose) for 15 seconds. Kinematics
data were sampled at 100 Hz.

A body-worn video camera with a resolution of 848x480/30F
(Revea Media, RS2-X2L, Hampton Wick, Surrey, United
Kingdom) was placed around the chest and recorded the area
in front of the participant.

For heart rate monitoring electrodes (&: 68 mm; Blue Sensor
VL-00-S/25, Ambu A/S, Ballerup, Denmark) were positioned
just below the apex of the sternum and laterally under the left
pectoralis major muscle [43,44], before connecting to the heart
rate monitor (Actiheart, CamNtech Ltd, Cambridge, United
Kingdom). Heart rate was sampled at 128 Hz and interpolated
with aresolution of +/-1 ms.

Thedatafromthe MU, SEMG, and cameraswere synchronized
using a custom-made device and a MatLab (2013a) program.
A 2mV trigger signal was sent to the EM G logger. At the same
time, the IMUs were turned 95 degrees using a rotary solenoid
(GDAX 050 X20 B71 24V, 100% ED). The synchronization
with the cameras was obtained by having the cameras record a
custom-made flashing device that flashed at the same time as
the signal was sent to the sEMG logger box and the rotary
solenoid. The synchronization was made before the equipment
was positioned on the participant and repeated after the working

day [29].
Test Protocol

The test protocol consisted of (1) maxima voluntary
contractions (MVCs) for the lower back and shoulders, (2)
reference lifting, and (3) calibration of the IMUs.

The MV Cs for the upper trapezius was performed with a strap
around the wrist in a standing position with 90-degree bilateral
shoulder abduction. The participants performed maximal
bilateral shoulder abduction. For the MVCs for the erector
spinae, the participants were fixed with a strap around the
shoulders with a dlight flexion in their back leaning toward a
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pillow at the height of the anterior iliac spine on the hip. The
participants performed 3 repetitions for each MV C with a 30
seconds rest period between thetrials. The participants ramped
up the force to maximum in 2 to 3 seconds and held it for 3
seconds. The participants performed 10 reference lifts from
floor to table (73 cm high) with a 20 kg box (width: 56 cm,
length: 34 cm, and height: 20 cm) using a forearm horizontal
distance. From a starting standing position, the participants
descended without load and lifted the box from the floor onto
the table. After a pause of 2 seconds, they lifted the box to the
floor and returned to starting position. Following a break of 2
seconds, the lifting cycle was repeated. The IMUs were
calibrated by having the participants standing in a neutral
position (N-pose) for 15 seconds. After these preliminary steps,
the participants started their planned work and the attached
equipment continuously captured data.

Data Analysis-Event Detection

The analyses for detecting the events are described in detail
elsewhere [29]. In short, the SEM G segments corresponding to
thereferencesliftsand the MV C trialswere extracted. For each
of the MVC trids, the SEMG root mean square (RMS) was
calculated over 500 ms epochs with 20% overlap between
successive epochs. Then the maximum of calculated RM S across
the epochs was found, and out of the 3 MV C trials, the highest
RM S valuewas considered asthe maximum voluntary electrical
activity. Similarly, the 90th percentile of calculated RM S during
the reference lift was considered as the reference threshold.
Subsequently, the recorded signals during the working time
were analyzed over 10-second nonoverlapping epochs. Similar
to what is described above, in each epoch, the 90th percentile
of the calculated EMG RMS was derived, and the extent of
forward and sideways inclination of the IMU concerning the
N-pose position was cal culated [45]. During the working time,
each of the 10-second epochs were labeled an event if the
calculated SEM G amplitude was higher than the event threshold
(either the average of the reference lifts in the morning and
afternoon or 50% of the average MV C [46] in the morning and
afternoon) for at least two of the muscles. Furthermore, for the
erector spinae muscle on both sides, the event threshold was
linearly decayed based on the cal culated forward and sideways
inclination such that the threshold would be reduced to its half
at 90 degrees forward or 30 degrees sideways inclinations and
it would befixed beyond that level of inclination. The minimum
of the modified threshold for the forward and sideways
inclination was utilized as the modified threshold. If any of the
calculated SEMG RM S over the 10-second epochsfor the erector
spinae on both sides was greater than the modified threshold,
the 10-second epoch was labeled as an event as well.
Furthermore, as exploratory analyses, the number of eventswas
calculated based on a higher reference value of 150% of the
SEMG from the reference lifts and 50% of the SEMG from
MVCs. The criteria for events from the analyses were that at
least two muscles should exceed the limit.

Outcomes

Primary Outcome

The primary outcome was defined as the change in the number
of events with excessive physical workload from baseline to

https://www.jmir.org/2018/12/€10272/
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follow-up. The reference lift of 20 kg used for normalization
purposes was a deviation from the protocol study [32] as we
planned to use 30 kg. However, because 30 kg exceeds the
acceptable lifting limit of The Danish Working Environment
Authority, we chose to decrease the load.

Other Outcomes

Other outcomeswere obtained from previously established and
validated questionnaires and included physical (Borg category
ratio 10 scale [Borg CR10]) [47,48], psychosocial, and
organizational conditions (AH2012 and COPSOQ) [49-51].
Furthermore, the pain intensity in the last week (WAS-scale)
[32] was enquired.

Sample Size

The sample size was cal culated based on the observed changes
in the level of muscular activity during a working day in
different occupational groupswith pronounced lifting [19]. The
power calculation showed that 17 participants in each group
were needed to demonstrate a reduction of 20% in normalized
SEMG assuming an SD of approximately 20% in normalized
SEMG between individuals and a type 1 risk of 5% and power
of 80%. Due to the cluster design and including an inflation
factor of 1.5, 26 participants were required in each group [32].
For generalizability and risk of dropouts, we aimed to recruit
10 construction gangs of 3 to 5 individuals in each group, that
is, atotal of 80 participants.

Statistics

t tests assessed possible group differences at baseline. The
difference from baseline to follow-up between the intervention
and control groups was evaluated using a linear mixed model.
The number of eventswas|og-transformed because theresiduas
were not normally distributed. Factors included in the model
were group (intervention and control), time (baseline, first
follow-up, and second follow-up), and group-by-timeinteraction.
Theanaysiswas adjusted for the baseline value of the outcome,
age, gender, duration of measuring time, mean heart rate,
number of steps, and muscle strength. Individual nested in
cluster was included as a random factor. Analyses were
performed using SAS statistical software (Proc Mixed, SAS
version 9.4) according to the intention-to-treat principle,
including all participants (n=80) regardless of lossto follow-up.
The estimation method was restricted maximum likelihood with
degrees of freedom based on the Kenward-Roger approximation.
P levels<.05 were accepted as statistically significant. Outcomes
are reported as within- and between-group least square mean
differences with 95% Cls. Furthermore, Fischer exact test was
used to test for differencesin questionswith categorical response
variables.

Results

Participant Characteristics

Table 1 shows the baseline characteristics of the participants.
Age was higher in the control group compared with the
intervention group (P=.02), which was controlled for in the
statistics by including age as a covariate. At the first follow-up
test, 12 participants dropped out, and 4 participants did not show
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up for the test. At the second follow-up test, 12 participants
dropped out, and 14 participants did not show up for the test.
Hence, 42 participants completed the study (Figure 1). All
dropouts were included in analyses.

Primary Outcome

The results showed no group-by-time interaction effect (P=.75)
and (P=.51) for the number of events obtained using technical
equipment in the unadjusted and adjusted analysis, respectively
(Table 2). The results show a within-group difference (time
effect) in the number of events from baseline to the first
follow-up test (unadjusted, P=.002 and adjusted P=.05 and
(unadjusted P<.001 and adjusted P<.001) for the intervention
and control group, respectively. Furthermore, a within-group
difference was observed from baseline to second follow-up in
the unadjusted analysis for the intervention and control group
(P<.01 and P<.001), respectively. The exploratory analyses
confirmed the results of the primary outcome, that is, no
significant group-by-time interaction (Table 2).

The analyses of heart rate and step count showed no
group-by-time interaction or within-group difference. However
a between-group difference was observed at baseling, first and
second follow-up, and at baselinefor heart rate (P<.001, P=.049,
and P=.003, respectively). This between-group difference was

https://www.jmir.org/2018/12/€10272/
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also abserved for the step count at baseline (P=.004) but not at
the follow-ups. The mean heart rate was 100 (95% Cl 96 to
104), 101 (95% CI 97 to 105), and 100 (95% CI 96 to 105) and
91 (95% CI 88 to 95), 95 (95% Cl 92 to 99), and 91 (95% ClI
8710 95) bpm for theintervention and control group at baseline,
first follow-up, and second follow-up, respectively. The mean
number of steps adjusted for length of the working day were
5952 (95% CI 5517 to 6387), 5479 (95% CI 5023 to 5934), and
5980 (95% Cl 5372 to 6588) and 5133 (95% CI 4791 to 5475),
5340 (95% Cl 4958 to 5722), and 5320 (95% Cl 4852 to 5788)
steps per day for the intervention and control group at baseline,
first follow-up, and second follow-up, respectively.

Other Outcomes

The results from the other outcomes are presented in Tables 3
and 4. In the intervention group, the results showed a
within-group decreasein general fatigue after atypica working
day (P=.001; Table 3) from baseline to second follow-up and
in influence on own work from baseline to first follow-up
(P=.04; Table 3). The remainder of the other outcomes showed
no effect from the intervention (Tables 3 and 4).

Adverse Events
No adverse events were reported.
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Table 1. Basic characteristics of the participants in the study.

Characteristics Intervention group  Control group
Number of participants, n (all males) 32 48
Ageinyears, mean (SD) 34.22(12.5) 41.22(12.5)
Height in centimeters, mean (SD) 180.0 (6.2) 180.1(7.2)
Weight in kilograms, mean (SD) 85.0 (12.2) 86.4 (14.6)
Weekly working hours, mean (SD) 39.1(4.8) 38.1(2.5)
Gang size, mean (SD) 45 (1.5) 6.0 (2.3)
Smokers, n (%)

Yes 15 (47) 17 (36)

No 17 (53) 31(64)

Current position, n (%)

Concrete workers 25 (78) 27 (56)
Bricklayers 5(16) 19 (40)
Others (eg, bricklayer’s assistant) 2(6) 2(4)

Term of employment, n (%)

Hourly paid 13 (41) 35(73)
Monthly paid 13 0(0)
Paid according to performance 18 (56) 13(27)

Experiencein construction, n (%)

<3years 4(12) 4(8)
4-10 years 14 (44) 13(27)
>11 years 14 (44) 31 (65)

How often can you take it easy and still reach your working tasks?, n (%)

Always 0(0) 1(2
Often 6 (19) 11 (23)
Sometimes 16 (50) 23 (48)
Rarely 9(28) 12 (25)
Never 1(3) 1(2)

How exhausting do you find your regular work? (Borg CRlOb), n (%)

Light (0-2.5) 1(3) 6 (12.5)
Moderate (3-5) 16 (50) 36 (75)
Hard (6-10) 15 (47) 6 (12.5)

How often do you feel pain in your body? n (%)

Every day 10 (31) 16 (33)
A few times aweek 10(31) 8(17)
A few times amonth 8(25) 18 (38)
Maximum afew times ayear 4(13) 6 (12)
Never 0(0) 0(0)

Degree of difficulty in thelow back within the last week (0-10 VAS®), n (%)

0-3 13 (42) 24 (52)

46 10 (32) 15 (33)

7-10 8(26) 7 (15)
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Characteristics Intervention group ~ Control group

Degree of difficulty in the upper back within the last week (0-10 VAS®), n (%)

0-3 19 (61) 35 (76)
46 8(26) 9(20)
7-10 4(13) 2(4

Degree of difficulty in the shoulder swithin the last week (0-10 VAS®), n (%)

0-3 23 (74) 32 (70)
46 6 (19) 11 (24)
7-10 2(6) 3(6)

Djfference between groups at baseline, P=.02.
bBorg CR10: Borg category ratio 10 scale.
SVAS: visual analog scale.

Table 2. Results of the primary outcome (change from baseline to follow-up in events with excessive physical workload during a working day) f