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Abstract

Background: In addition to traditional physiotherapy, studies based on telerehabilitation programs have published the results
of effectiveness, validity, noninferiority, and important advantagesin some neurological, cognitive, and musculoskeletal disorders,
providing an opportunity to define new social policies and interventions.,

Objectives. The aim of this systematic review is to investigate the effects of telerehabilitation after surgical procedures on
orthopedic conditions as well as to describe how interventions are designed and to determine whether telerehabilitation is
comparable with conventional methods of delivery. This systematic review summarizes the levels of evidence and grades of
recommendation regarding telerehabilitation intervention (synchronous or asynchronous provided via the telerehabilitation
medium, either in conjunction with, or in isolation of, other treatment interventions) after surgical procedures on orthopedic
conditions.

Methods: Study quality was assessed using the Physiotherapy Evidence Database (PEDro) scores and grade of recommendation
following the recommendation of the Oxford Centre for Evidence-Based Medicine.

Results:. We found 3 studies with PEDro scores between 6 and 8, which is considered as level 1 evidence (good; 20% [3/15]),
4 studies with a score of 5, which is considered as level 2 evidence (acceptable; 27% [4/15]), and the remaining 8 studies had
scores of 4 or less, which is considered (poor; 53% [8/15]). A total of 1316 participants received telerehabilitation intervention
in the selected studies, where knee and hip replacement were 75% of all the studies. Strong and moderate grades of evidence
(grade of recommendation A—B) were found in knee and hip replacement interventions. Studies on the upper limb were 25% of
the studies, but only 1 study presented a moderate grade of evidence (grade of recommendation B) and the rest were of poor
methodological quality with weak evidence (grade of recommendation C).

Conclusions:. Conclusive evidence on the efficacy of telerehabilitation for treatment after an orthopedic surgery, regardless of
pathology, was not obtained. We found strong evidence in favor of telerehabilitation in patients following total knee and hip
arthroplasty and limited evidence in the upper limb interventions (moderate and weak evidence). Future research needs to be
more extensive and conclusive. To the best of the authors knowledge, this is the first attempt at evaluating the quality of
telerehabilitation intervention research after surgical procedures on orthopedi ¢ conditionsin a systematic review. Clinical messages
and future research recommendations are included in the review.
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Introduction

The increasing availability of low-cost Internet and
communication technologies has boosted the opportunity to
apply technology-based solutions to provide health services
during hospitalization and after discharge from hospital [1].
With the general ageing of the population—at least in
industrialized countries—and the limited resources devoted to
public health, the development of new rehabilitation models
and practices seems mandatory in order to cope with the change
in population needs|2,3]. Telerehabilitation, one of the emerging
fields of telemedicine, is defined as a set of tools, procedures,
and protocolsto deliver the rehabilitation process remotely [4].
It will be increasingly important to develop scalable and
sustainable telerehabilitation programs [5].

The growing demand for rehabilitation can result in increased
costs and longer waiting lists, becoming a threat to the
sustainability of health care services[6]. Telerehabilitation can
help with thisissue by discharging patients from points of care
while improving their adherence to treatment [6]. Recent
telerehabilitation studies have addressed different approaches:
feasibility and efficacy, patients' and professionals' satisfaction,
and cost analysis studies. This includes neurological diseases
[7-10], stroke patients [11-13], intensive care unit [14], breast
cancer [15], COPD [16], and muscul oskeletal disorders[17-22].
Although trials supporting therole of telerehabilitation continue
to emerge, implementation has been slow [23].

The scientific community believes that telerehabilitation will
play animportant roleinimproving, or at |east maintaining, the
continuity of rehabilitation care and services as they are
reorganized, asit isableto increase the efficiency of the services
while containing costs [24].

Early systematic reviews have pointed out that, despite the
growing number of telerehabilitation experiences worldwide,
evidence of clinical and economic effectivenessis till lacking
[2,25]. In addition, these reviews have commented on the lack
of methodological rigor and variability of approaches used in
telerehabilitation studies [4]. With the growing number of
telerehabilitation programs and with emerging databases
providing potentially useful and reliable data on clinical
outcomes [26], it is reasonable to expect that the number of
scientific publicationswill rapidly increase[27], along with the
number of systematic reviews on the topic [4]. Systematic
reviews that included telerehabilitation interventions in
musculoskeletal conditions yielded a few eligible trials, so
efficacy remains inconclusive [1,28]. Telerehabilitation shows
promise in many fields, but compelling evidence of the benefit
for, and impact on, routine rehabilitation programs is till
limited. There is aneed for detailed, better-quality studies and
for studies on the use of telerehabilitation in routine care [26].

http://www.jmir.org/2017/4/e142/

Muscul oskeletal injuries are frequent eventsin routine care and
arethe most common source of chronic pain and disability [29].
Orthopedic surgeries are experiencing some of the greatest
growth rates in developed nations across the world. A study
from 2014 found that the most common inpatient operating
room procedure in the United States involved the
musculoskeletal system [30]. Therapeutic exercises are
commonly prescribed following a surgery in an attempt to
maximize functional outcome [31]. Physical therapists have
been utilizing therapeutic exercises since the conception of the
profession, and they have been demonstrated to be fundamental
in improving function, performance, and disability [32].
Telerehabilitation offers the possibility to develop therapeutic
exercise at adistance, among others.

Recently, a systematic review concluded that telerehabilitation
is promising and highlighted the fact that for those individuals
who are unable to attend traditional face-to-face services,
particularly following elective orthopedic surgical procedures
[33], telerehabilitation should be considered as a viable option
in the holistic management of their musculoskeletal condition
[33].

Despite the existence of systematic reviews on telerehabilitation
interventions, none of them has explored post-surgical
rehabilitation in musculoskeletal injuries. Therefore, the aim of
this paper is to investigate the effects of telerehabilitation after
surgical procedures on orthopedic conditions, as well as to
describe how interventions are designed and to determine
whether telerehabilitation is comparable with conventional
methods of delivery within this population. We have considered
all forms of interventions that use telecommunications
technology to telerehabilitation interventions.

Methods

Search Strategy and Eligibility Criteria

This review has been carried out following the PRISMA 2009
guidelines [34]. The review protocol was registered with an
international registration database [PROSPERO, Registration
Number: CRD42016047846].

As with most of the recent systematic reviews on the topic
[2,26,27,33,35], thefollowing literature searcheswere performed
to identify al possible studies that could help answer the
research question. MEDLINE, Physiotherapy Evidence Database
(PEDro), Scopus, PsycINFO, Web of Knowledge, CINAHL,
SPORTDiscus, Directory of Open Access Journals (DOAJ),
Cochrane, Embase, Academic Search Complete, Fuente
Académica, and Consegjo Superior de I nvestigaciones Cientificas
(CSIC) were searched. In addition, the search was performed
in a relevant bibliographic database from the University of
Mélaga.

JMed Internet Res 2017 | vol. 19 | iss. 4 [e142 | p.6
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.6836
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

The initial search was carried out in June 2016, and was
completed with a hew search to update the review in October
2016. The following combinations of keywords were used:
telerehabilitation, telerehabilitation physiotherapy, post-surgery
telerehabilitation, muscul oskel etal disorders, systematic review,
telemedicine (mobile health or health, mobile or mHealth or
telehealth or eHedlth), telemedicine physiotherapy program.
The limits of searches were studies published between 2000
and 2016.

Themain steps rel ated to the search phase are reported in Figure
1 using the PRISMA flow diagram [36]. After the application
of the selected keywords, the entire set of records was analyzed
to identify eventual duplication of articles retrieved from

Figurel. Flowchart.

Pastora-Bernal et al

different sources; the remaining articles were then assessed in
full text for eligibility so as to identify all those matching the
inclusion criteria (see Multimedia Appendix 1).

Two authors (JIMPB and RMV) independently screened the
titles and abstracts of all records retrieved using the database
search strategy. Thefull text was obtained if further information
was required to determine eligibility, or if uncertainty prevailed
between authors. For trials published in alanguage other than
English or Spanish, a trandated version of the abstract was
sourced to determine eligibility.

Disagreements between authors were initially resolved via
discussion, and then by consultation with a third reviewer
(FJIBL).

Eligibility Criteria: Inclusion and Exclusion Criteria

Eligibility criteria were based on the PICOS framework [37],
asfollows:

Participants

Adults (=18 years) with tel erehabilitation services after surgical
procedures as aresult of aprimary orthopedic condition. Trials
in which the participant’s condition was secondary to a
diagnosed health condition that was not primarily
musculoskeletal in nature (eg, hand or shoulder dysfunction
following stroke) were excluded.

I ntervention

Any treatment intervention, synchronous or asynchronous,
provided via a telerehabilitation medium, phone counseling,
interactive virtual system, or gaming, either in conjunction with,
or in isolation of, other treatment interventions was included.

http://www.jmir.org/2017/4/e142/
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Comparison

All trialswere required to have acomparison group (of the same
condition), where options included (but were not restricted to)
face-to-face treatment or usual care. The comparison group
could not be an aternative form of telerehabilitation. A pilot
clinical trial without a comparison group was included if a
telerehabilitation intervention had been carried out among
participants.

Outcomes

Any clinical outcome, including measurements based on pain,
quality of life, disability or function (physical, socia, or
psychological), was analyzed. Economic and cost-utility
outcomes were not analyzed, nor were patient and clinician
satisfaction or those outcomes measuring adherence to, or
compliance with, rehabilitation programs.
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Study Design

All types of study designswere considered: randomized clinical
trials (RCT), clinical trials (CT), casereports, controlled clinical
trial, and pilot study. Articles that were limited to describing
thefeasibility and fit-out of telerehabilitation interventionswere
excluded.

For all eligible trials, data extraction was independently
completed by 2 authors (JIMPB and MJEP), and was
cross-checked for consistency by a third author (RMV). The
primary authors of eligible trials were contacted when
information was considered to be missing for either the quality
assessment or data extraction process.

Evaluation of M ethodological Quality, L evel of
Evidence, and Grade of Recommendation

Animportant step in conducting asystematic review isto assess
the methodological quality of each included trial. In addition,
reporting methodological quality provides clinicians with
information about whether the results of clinical trials should
influence their clinical practice. A valid way of assessing the
methodological quality of clinical trials is therefore essential
[38].

Two independent reviewers [JMPB and RMV] completed the
checklist based on the PEDro scale. The methodological quality
and risk of bias were evaluated using the PEDro scale [38,39]

Table 1. Based on evidence-based medicine working group [44].

Pastora-Bernal et al

based on the Delphi list [40]. It is considered a useful tool for
carrying out the assessment methodol ogy in scientific research.

The PEDro scale scores 10 items: random allocation, concealed
allocation, similarity at baseline, subject blinding, therapist
blinding, assessor blinding, >85% follow-up for at least one
key outcome, intention-to-treat analysis, between-group
statistical comparison for at least one key outcome, and point
and variability measuresfor at |east one key outcome. Itemsare
scored as either present (1) or absent (0) and a score out of 10
isobtained by summation [38]. The scaleincludes an additional
item (eligibility criteria) to evaluate the external validity, but
the score is not counted.

According to Moseley et al, studieswith a PEDro score =5 will
be considered at low risk of bias and high methodological
quality [41].

A study with a PEDro score of >6 is considered to have level
1 evidence (6-8=good, 9-10=excellent) and astudy with ascore
of <5 is considered to have level 2 evidence (4-5=acceptable,
<4=poor) [42].

Levels of evidence help us target the search at the type of
evidence that is most likely to provide areliable answer. They
have been designed so that they can be used as a shortcut for
busy clinicians, researchers, or patients to find the likely best
evidence[43]. Grades of recommendation describe the strength
and therefore value of the evidence rel ative to how rigorousthe
study was (see Tables 1 and 2) [44].

Grades of recommendation Strength of evidence

A preponderance of level | and/or level |1 studies support the recommendation. This must include at least 1

A single high-quality randomized controlled tria or a preponderance of level |1 studies support the recom-

A singlelevel |1 study or a preponderance of level 111 and IV studiesincluding statements of consensus by

Higher-quality studies conducted on this topic disagree with respect to their conclusions. The recommendation

A preponderance of evidence from animal or cadaver studies, from conceptual models/principles, or from

A Strong Evidence
level | study.
B Moderate Evidence
mendation
C Wesak Evidence
content experts support the recommendation
D Conflicting Evidence
is based on these conflicting studies
E Theoretical/Foundational
Evidence basic sciences/bench research support this conclusion
F Expert Opinion

Best practice based on the clinical Experience of the guidelines development team

Table 2. Based on grades of recommendation and levels of evidence for therapy or prevention. Material adapted from the recommendations at the

center for evidence-based medicinein oxford [43].

Level of evidence Strength of evidence

la Systematic review of (homogeneous) randomized controlled trials

1b Individual randomized controlled trials (with narrow Cls)

2a Systematic review of (homogeneous) cohort studies of “exposed” and “ unexposed” subject
2b Individual cohort study / Low-quality randomized controlled trials

3a Systematic review of (homogeneous) case-control studies

3b Individual case-control studies

4 Case Series, low-quality cohort or case-control studies

5 Expert opinion based on non systematic reviews of results or mechanistic studies

http://www.jmir.org/2017/4/e142/
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Results

The main findings of this review are presented in Table 3, an
evaluation of the methodological quality of the 15 studies
selected according to the PEDro scale. Characteristics of the
included studies are listed in Multimedia Appendix 1 showing
the grades of recommendation, regarding the effectiveness,
results, and effect size in the different outcomes of
telerehabilitation services. A subgroup analysis by population
and intervention is presented in Tables 4 and 5.

Studies included in the review had PEDro scores of 2-8, as
shown in Table 3. Studies were considered of high enough
methodological quality if they had a score of at least 5. This
was based on the fact that studies with a score closer to 4 did
not use a triple-blind methodology (subject, evaluator, and
treatment provider) [45].

We found 3 studies [20,46,47] with PEDro scores between 6
and 8, whichisconsidered level 1 evidence (good; 20% [3/15]),
4 studies[48-50,51] with ascore of 5, whichisconsidered level
2 evidence (acceptable; 27% [4/15]), and the remaining 8 studies
[52-56,21,57,58] had scores of 4 or less, which is considered
(poor; 53% [8/15]).

A total of 1316 participants received telerehabilitation
intervention. Strong and moderate grades of evidence (grade of
recommendation A-B) werefound in knee and hip replacement
interventions (80% of all the studies). Studiesin the upper limb
were 20% of the studies included but only 1 study presented a
moderate grade of evidence (grade or recommendation B) and
therest were of poor methodological quality with weak evidence
(grade of recommendation C).

The subgroup analysis by population shows us 8 articlesfocused
on atotal knee replacement population (50% of articles), 4 on
total hip replacement (25% of articles), 1 on shoulder joint
replacement (6% of articles), 1 on proximal humerus fractures

http://www.jmir.org/2017/4/e142/
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(6% of articles), 1 on carpal tunnel release surgery (6% of
articles), and 1 on rotator cuff tear (6% of articles). Another 3
telerehabilitation publications in the upper limbs (hand
transplantation [case study]) [59], and hand surgery (preclinical
trials and descriptive study) [60,61], have been identified in
addition, but as no intervention on the subject has been
published, they do not match theinclusion criteriafor thisreview
(See Multimedia Appendix 2).

In the subgroup analysisby telerehabilitation intervention (Table
5), we found strong evidence regardless of the intervention
(videoconferencing, asynchronous, phone counseling, interactive
virtual system and gaming, telerehabilitation system). Therefore,
we may interpret that evidence level and degree of
recommendation arerelated to studies design, and are not related
to intervention.

We found great heterogeneity among the included studies.
Sample size ranged between 5 [56] and 237 [53].
Telerehabilitation interventions included videoconferencing
sessions [20,21,46,50,55], phone counseling [49,53], video
games [62,63], asynchronous exercise videos, and interactive
virtual systems[19,47,52,54-57].

Compared interventions also range between clinical protocol
face-to-face  physiotherapy  [19,46,50,52,55], home
physiotherapy visits and usual care at home [20,53,54], and a
physiotherapy session followed by gaming [63].

Intervention duration ranged from 2 weeks [19] to 26 weeks
[53] with follow-up periods from 13 sessions [56] to 9 months
[49].

We found some homogeneous aspects in clinical outcomes
primarily in the areas of function, quality of life, and specific
daily life activities [20,46,54,63], and less assessment of
disability (passive and active ranges of motion, balance, and
muscle strength) and pain.
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Table 3. Evaluation of methodological quality of the 15 selected studies.

PEDroscale Moffet Rus-  Biniet Pi- Tousg Her- Fung Liet Russ Eriks Eiser- Antdon Tousg Heuser Ma

criteria eta sell et a [47] queras nantet damet eta a[53] sellet sonet mann eta nantet eta ciaset
[20] al [46] eta al [50] al [49] [48] a[54] a[55] eta [58] a [64] [56] a [57]

[51] [52]

Eligibility vb Y Y Y Y Y Y Y NE Y Y Y Y Y Y

criteria®

Randomiza- Y Y Y Y Y Y Y N Y N Y N N N N

tion

Allocation Y Y Y N Y Y N N N N N N N N N

concealed

Baseline Y Y Y Y Y Y Y Y N Y N N N N N

comparabili-

ty

Subject N N N N N N N N N N N N N N N

blinding

Therapist N N N N N N N N N N N N N N N

blinding

Evauator Y Y N Y N N Y N Y N N N N N N

blinding

Appropriate Y Y Y N N Y Y Y Y Y N Y Y Y Y

continuation

Intentionto Y Y Y N N N N N N Y N N N N N

treat

Comparison Y Y Y Y Y Y Y Y Y Y Y N N N N

between

groups

Specific Y Y Y Y Y N N Y N N Y Y Y Y Y

measure-

ments and

variability

Total PEDro 8 8 7 5 5 5 5 4 4 4 3 2 2 2 2

Score

&The eligibility criteriado not contribute to the total score.
By is Yes.
°N isNo.
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Table 4. Subgroup analysis by population.

Pastora-Bernal et al

Population Authors and reference Number of Participants ~ Articleswith Articleswith Articleswith
articles n) grade of recom-  grade of recom-  grade of recom-
mendation A mendation B mendation C and
D
Level of evidence Level of evidence Level of evidence
1(%of total arti- 2or 3 (% of total >3 (% of total ar-
cles) articles) ticles)
Total knee arthroplasty Moffet et al 2015 [20], Rus- 8 718 3(19) 5(31) 0
sell et al 2011 [46], Bini et a
2016 [47], Piqueraset al 2013
[19], Tousignant et a 2011
[50], Eisermann et a 2004
[52], Fung et a 2012 [48],
Russell et a 2003 [54]
Total Hip Replacement Herdam et al 2009[49], Eiser- 4 543 3(19) 0 1(6.25)
mann et a 2004 [52], Li et a
2014 [53], Anton et a 2016
(58]
Shoulder joint replacement  Eriksson et al 2009 [55] 1 22 0 1(6.25) 0
Proximal humerusfractures 14, gnant et al 2015 [64] 1 17 0 0 1(6.25)
Carpal tunnel release surgery Heuser et a 2007 [56] 1 5 0 0 1(6.25)
Rotator Cuff Tear Macias-Hernandez et al 2016 1 11 0 0 1(6.25)
[57]
Tota % 16 (Eiser- 1316 38.00 37.25 25
mann et a
included
knee and
hip popula-
tion)
Table 5. Subgroup analysis by intervention.
Intervention Authors and reference Number of Participants ~ Articleswithlev- Articleswithlev- Articleswithlev-
articles n) e of evidencel € of evidence2 el of evidence >3
and grade of rec- or 3 and grade of and grade of rec-
ommendation A recommendation ommendation C
(% of total arti- B (%of total arti- and D (% of total
cles) cles) articles)
Videoconferencing (rea-time) Moffet et a 2015[20], Russ 5 357 3(21.49) 1(6.6) 1(6.6)
sell et a 2011 [46], Tousig-
nant et al 2011 [50], Eriksson
et al 2009 [55], Tousignant et
al 2015 [64]
Asynchronous videos pro- Bini et al 2016 [47], Eiser- 3 336 2(14.3) 0 1(6.6)
gram mann et al 2004 [52], Macias-
Hernandez et a 2016 [57]
Education sessionsby tele-  Hgrdam et al 2009 [49], Liet 2 398 2(14.3) 0 0
phone al 2014 [53]
Interactive virtual TR system Piqueraseta 2013[19], Fung 5 225 2(14.3) 1(6.6) 2(13.3)
& gaming et al 2012 [48], Russell et a
2003 [54], Anton et a 2016
[58], Heuser et al 2007 [56]
Total % 15 1316 60 13.33 26.67
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Discussion

Principal Findings

This review confirms the strong evidence in favor of
telerehabilitation among patients undergoing total knee and hip
arthroplasty and the limited evidence in the upper limb
(moderate and weak evidence).

To the best of our knowledge, this is the first review focused
on telerehabilitation research after surgical procedures on
orthopedic conditions. This systematic review applied a
qualitative evaluation to provide a wider picture of currently
available evidence.

First, we will discuss the contributions of the first systematic
reviews on the topic. Second, we discuss the generalizations,
previousresults, and future recommendations. Third, we discuss
if results are extrapolated to the upper limb (the results of this
review show poor-quality methodol ogy and moderate and weak
evidence). Finally, we discuss about the inherent difficultiesin
conducting telerehabilitation research and future research
recommendations.

Regarding the first aspect noted in the discussion, the first
systematic reviews, contributions concluded that better-quality
studies are needed as well as studies on the use of
telerehabilitation in routine care. Telerehabilitation research is
generaly not very good and there are many reviewsthat criticize
this[2,26,27,33,35]. In our review, 60% of the included studies
are of poor methodological quality with weak evidence.

Regarding the second aspect noted in the discussion, the most
recent systematic reviews provide statements on the effects of
telerehabilitation interventions. Two recent studies provide
statements such as, “thereisastrong positive effect for patients
following orthopedic surgery” [1] and “there is unequivocal
evidence that the management of musculoskeletal conditions
viarea-timetelerehabilitation iseffectiveinimproving physical
function, disability, and pain” [33]. We agree with these
statements, but only and exclusively for some pathol ogies. Our
systematic review showsthat thereis still insufficient evidence
on upper limb surgeries’ telerehabilitation interventions.

Regarding the third aspect noted in the discussion: does this
statement transfer to upper limb such as shoulder arthroscopy,
carpal tunnel release surgery, hand surgery, or shoulder
arthroplasty? Could this be extrapolated to the rehabilitation
processin fractures or surgery interventionsin upper and lower
limbs? These unresolved clinical questions reaffirm the need
toidentify the available evidence in post-surgical rehabilitation
with telerehabilitation interventions.

For this systematic review, we seek to find evidence of
post-surgical tel erehabilitation programs, with special emphasis
on programs that can be integrated into clinical practice.

In our review, telerehabilitation research in the upper limb
(shoulder joint replacement, proximal humerus fractures, carpal
tunnel release, and cuff rotator tears) presents moderate and
weak levels of evidence. Notable is the judgment that none of
the telerehabilitation studies in the upper limb included in this
review present a high level of evidence and recommendation.

http://www.jmir.org/2017/4/e142/
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Thereisstill avery small database for tel erehabilitation studies
after a musculoskeletal surgery that provides useful data on
clinical outcomes, especially in conditions other than the
replacement of joints in the lower limb. Therefore, conclusive
evidence on the efficacy of telerehabilitation for treatment after
an orthopedic surgery, regardless of pathol ogy, was not obtained.

Research background has been used to discuss the strengths of
telerehabilitation and the opportunities for future interventions
and policies. Regarding the final aspect noted in the discussion,
what are theinherent difficultiesin conducting telerehabilitation
research?

During the search, we observed anumber of studiesthat provide
descriptions of telerehabilitation interventions of low
methodological quality. No validated clinical outcomes, too
small a sample size, and a lack of comparison group are
frequently found. Moreover, differences in telerehabilitation
interventions, treatment period, and follow-up, create doubtsin
identifying whether the telerehabilitation gives comparable or
better results.

A frequent problem in studies of telerehabilitation is the lack
of blinding of therapists and patients. Thereis evidence that in
clinical trials where allocation is not concealed and assessors,
therapists, and participants are not blinded, a larger effect of
intervention is reported than in higher quality trials with
adequate blinding procedures [65].

It may be that there are good-quality studies the publication of
which has been delayed; however, our findings are aligned and
consistent with the most recent revisions regarding the need for
future research needs to have stronger and more solid studies.

One of the biasesidentified isthat tel erehabilitation groups have
more frequent contact with health professionals and with the
intervention (especially in videoconferencing and phone
contact), so they are likely to receive additional services. This
creates biases whether the positive results are related to amore
elaborate program than really with the interventions method.

How could this be addressed in future research? As blinding of
patients and therapists is not possible in telerehabilitation
interventions, several methodological aspects are fundamental
for future research.

Telerehabilitation interventions should be conceptualized, coded,
classified, and grouped in a similar way to physiotherapy
technique codes, enabling identification in detail when the effect
is due to the type of intervention. Comparison group must be
the actual best evidence treatment for the same condition that
allows identification of whether telerehabilitation offers better
or comparable outcomes. Telerehabilitation frequency must be
the same as the control group to avoid biases related to amore
elaborate program. Greater homogeneous is needed especially
in terms of type, duration, and intervention follow-up for each
specific pathologies. Studies that show negative results should
be published, avoiding publication biases. Large sample size
and improvement in study quality (allocated and evaluator
blinding) must be addressed. Orthopedic conditions and
muscul oskel etal injuries different to replacement jointsin lower
limbs need quality research.
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Clinical M essages

High-methodol ogical-quality studies should be conducted to
confirm that telerehabilitation shows clinicaly relevant
outcomes after surgery in orthopedic and muscul oskeletal
injuries, especialy in upper limbs. Telerehabilitation appears
to be an effective aternative to face-to-face service delivery
after hospital discharge of patients following total knee
arthroplasty and hip replacement. Clinica outcomes are
comparable and not inferior. Despite some limitations, there
seem to be clear benefits from physiotherapy at a distance

Pastora-Bernal et al

regardless with the telerehabilitation technique it offers
(videoconferencing, phone intervention, asynchronous video
exercise programs, or gaming). Future challenges include
identifying whether positive results are due to the type of
intervention or the increased frequency and intensity that
telerehabilitation allow.

Future research recommendations for telerehabilitation should
include high-quality studies with clear conclusions and
statements that could improve health interventions and health
policies.
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Abstract

Background: General health promoting campaigns are often not targeted at the people who need them the most. Web- and
app-based tools are a new way to reach, motivate, and help people with poor health status.

Objective: Theaim of our study was to test a Web- and maobile app-based tool (“ SoSu-life”) on employeesin the socia welfare
and health care sector in Denmark.

Methods: A randomized controlled trial was carried out as aworkplace intervention. The tool was designed to help users make
healthy lifestyle changes such as losing weight, exercise more, and quit smoking. A team competition between the participating
workplaces took place during thefirst 16 weeks of the intervention. Twenty nursing homes for elderly peoplein 6 municipalities
in Denmark participated in the study. The employees at the nursing homes were randomized either 1:1 or 2:1 on a municipality
level to usethe SoSu-lifetool or to serve as acontrol group with no intervention. All partici pants underwent baseline measurements
including body weight, waist circumference, body fat percentage, blood pressure, and blood cholesterol level and they filled in
a questionnaire covering various aspects of health. The participants were measured again after 16 and 38 weeks.

Results: A total of 566 (SoSu-life: n=355, control: n=211) participants were included in the study. At 16 weeks there were 369
participants still in the study (SoSu-life: n=227, control: n=142) and 269 partici pants compl eted the 38 week intervention (SoSu-life:
n=152, control: n=117). At 38 weeks, the SoSu-life group had a larger decrease in body weight (-1.01 kg, P=.03), body fat
percentage (—0.8%, P=.03), and waist circumference (—1.8 cm, P=.007) compared with the control group.

Conclusions: The SoSu-life Web- and app-based tool had amodest yet beneficia effect on body weight and body fat percentage
in the health care sector staff.

Trial Registration: Clinicaltrials.gov NCT02438059; http://clinicaltrials.gov/ct2/show/NCT02438059 (Archived by WebCite
at http://lwww.webcitation.org/6i 6y4p2AS)

(J Med Internet Res 2017;19(4):€108) doi:10.2196/jmir.6196
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Introduction

Background

Public health promoting campaigns have trouble reaching the
socioeconomically disadvantaged groups [1] who really need
them, and most face-to-face or telephone based interventions
aregenerally considered too costly. Disadvantaged groups often
need more targeted effort in order to be able to succeed in
lifestyle changes. Therefore, Web- and app-based tools have
been suggested as a new and potentially cost-effective way to
reach out to, mativate, and help people to improve their health

2.

Web- and app-based toolsfor health promotion have been shown
to have potential for weight loss programs and improving other
health related factors. The number of these digital tools for
health promotion being developed is increasing. The aim is
generaly to help usersimprove lifestyle and devel op healthier
habits, and thereby improve their health status. The need for
effective tools for promoting health is evident from the recent
report from the World Health Organization (WHO), which
showsthat overall health statusin Europeisimproving, but that
the variation in health status is increasing both within and
between countries [3].

In the Danish population, overall health, and in particular the
distribution of overweight and obesity, isunequally distributed,
with higher levels of overweight and obesity occurring among
individuals with lower educational level [4]. Employeesin the
social and health sector generally belong to this group. A large
number of these employees are organized in the trade union of
public employees (FOA), where about 90% of the membersare
women. A recent health examination among 1737 female
members of FOA, 59% of whom were women employed in the
Danish sociad welfare and health care sector [5], found an
increased preval ence of heavy smokers, overweight and obesity,
and long-term sick leave compared with other employeesat the
same income level. However, the majority of the employees
considered it very important that they maintain or improvetheir
health [5].

Weight management is important for alleviating related health
problems such as cardiovascular disease and type 2 diabetesin
overweight individuals[3]. Overweight and obesity are not only
associated with somatic diseases, but they are also related to
several psychosocia complications, such as depression and
anxiety [6,7], and to increased sick leave [8]. Furthermore,
overweight, heavy smoking, and increased prevalence of
long-term sick leave are significant precursors of chronic
illnessesand early retirement [5,8,9]. Theincreasing prevalence
of overweight and obesity, the associated health risks, and the
increasing expenses related to these conditions make new and
better targeted, well documented, and cost-effective health
promotion programs for lifestyle change even more necessary.

The workplace is increasingly used as an arena for health
promotion because it is the place where many people spend a
great part of their time, and WHO has recommended that the
workplace be prioritized as such an arena[10].

http://www.jmir.org/2017/4/€108/
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Web-based health promoting programs have occasionally been
shown to assist weight lossin overweight and obese individuals.
However, results are generally inconsistent and depend greatly
on the type of Web-based tool used, as well as on the study
design[11]. It isthereforeintrinsically difficult to compare the
results of different intervention studies using Web-based weight
losstools. However, arecent meta-analysisincluding 23 studies
comprising 8697 participants found that Web-based tools for
weight loss had a modest but significant effect on weight loss:
-0.68 kg compared with a nontreated control group [12]. A
Cochrane analysis found an effect of —1.5 kg after 6 months
[13].

The effect of workplace health promotion interventions has
generally been found to be rather small and greatly dependent
onthequality of the study [14]. Only afew Web- and app-based
intervention studies have been conducted in workplace settings
[15-17], and only two of these were randomized controlled trials
[16,17]. A study by Van Vier et a [16] found that a Web-based
intervention could result in a weight loss of -1.1 kg and a
reduction in waist circumference of —1.2 cm, and a study by
Cook et a [17] found that a Web-based intervention was more
effective than printed material in inducing improvementsin diet
and nutrition, though this study did not examine changes in
body weight.

Mobile phone apps may be useful as health promoting tools. A
systematic review with meta-analysisincluding 17 studieswith
the use of mobile devices for weight loss found that the use of
mobile devices induced weight loss [18]. A recent study
investigating the potential of a Web-based app for promoting
a healthy lifestyle found promising results [19]. However, the
field has not been sufficiently explored and the potential of
mobile phone appsfor health promotion is not fully understood
[20]. There is evidence that adding a social feature to the
intervention, such as a team-based element where users can
compare and compete with each other, can have a positive effect
on users willingnessto use amobile app for health promotion
[21]. We have found no previous studies that have combined
the use of a workplace Web-based health promoting program
with asocia feature.

Aim of This Study

The primary aim of this study was therefore to investigate the
effect of the SoSu-life Web- and mobile phone-based app, in
combination with a social feature, on changes in body weight.
Secondary outcomeswere changesin body fat percentage, waist
circumference, blood pressure and total cholesterol (al reported
in this paper), behavior change, and self-perceived well-being
(both reported in a paper under preparation). User-data and
qualitative data from the study are reported in another paper
(Balk-Mgller, under review in IMIR 2017). The control group
underwent the same examinations as the intervention group,
which provided information about the stand-alone effect of such
health examinations.
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Methods

Sampling and Study Design

The study was conducted in 6 municipalitiesin Denmark from
August 2012 to July 2013. In each municipality, 2-4 nursing
homes were randomized to either the SoSu-life tool (called
SoSu-life group) or to a control group. The randomization of
the participating nursing homes was conducted continually over
time within each municipality. Those municipalities with an
even number of nursing homes were randomized ina1:1 ratio
and municipalities with an odd number of nursing homesin a
2:1 ratio. Of the total 20 nursing homes, 12 were randomized
to SoSu-life and 8 were randomized to control. The
randomization was performed in asimple blinded way (simple
paper draw) by 2 of the study investigators in a collaboration
between investigators and staff at an initial meeting with local
staff in each municipality. Each draw was observed by
independent witnessesto observethat it was performedin afair
and unbiased way. The study was divided into two distinct
periods for the SoSu-life group: an initial 16-week period
including ateam competition, and asubsequent 22-week period
without a competition. Participants chose a pledge (described
later) for each period (Figure 1).

Participants were recruited from August 2012 to September
2012 when an information meeting was held at each nursing
home during work hours, after which each of the interested
employees completed the informed consent form. Eligibility
criteria for participation were that the employees had to work
under conditions in accordance with a FOA-negotiated
agreement. Computer or mobile app literacy was not an
inclusion criterion. A few weeks later, the participants
underwent abaseline clinical examination conducted by trained
staff from the research group. The clinical assessmentswereall
performed locally at each participating nursing home, which
made it impossible for the research staff to be blinded to the
participants group allocation. The anthropometrical assessments
were measured using a wall-mounted stadiometer for height
and adigital electronic scale (TanitaWB 100MA/WB-110MA
[11) for body weight. Measuring tape was used for measuring
hip and waist circumference taken at the widest part of the hip
and at the umbilicus, respectively. Body fat percentage was
recorded with a handheld body composition monitor (Omron
BF306) and blood pressure was measured using adigital blood
pressure manometer (Kivex, Automatic Blood Pressure Monitor,
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Model UA-787 Plus). Finger-prick blood samples were drawn
to measuretotal cholesterol (Accutrend Plus; moreinformation
in Multimedia Appendix 1). Participants in the intervention
group signed up for their first pledge (Pledge 1) immediately
after the clinical examination, and were then introduced to the
SoSu-life website and app by a member from the project team,
and given a pamphlet about the content and functionalities of
thetool. Thissessiontook approximately 30-45 min. Theclinical
examination, taking about 15 min in total, was repeated at 16
weeks (December 2012 to January 2013). The participants in
the intervention group then made anew pledge (Pledge 2). The
examination was repeated at 38 weeks (May 2013 to June 2013),
when participants also answered a set of questions addressing
their overall evaluation of the study. The participants in both
groups spent approximately 10-15 min answering a Web-based
guestionnaire based on a questionnaire devel oped by the Danish
National Research Centre for the Working Environment,
regarding demographic data, health behavior, and general
well-being the day before each of the 3 clinical examinations.
The study was approved by the ethical committee of the Capital
Region of Denmark (reference number: H-2-2012-079; amore
detailed description of the study design is given in the
Multimedia Appendix 1). The study is registered at
Clinicaltrials.gov with ID number NCT02438059.

Developing the Tool

The SoSu-life tool is a Web- and app-based tool developed
specifically for thisparticular group of employees. It was created
in a collaboration between the company Mobile Fitness,
employees from the sponsoring company PenSam, who work
with health promotion for the social and health care workerson
adaily basis, and scientistsfrom the University of Copenhagen.
The tool was devel oped through an iterative process where the
users (ie, the social and health care workers) and the devel opers
(Mobile Fitness, PenSam, and Copenhagen University) were
involved. Initially, focus groups from the target group were
held, whereideas and mock-upswere presented. Thefirst edition
of the SoSu-life tool was tested in a pilot study at two
nonparticipating nursing homes. Theideasfor mechanismsthat
could lead to behavior change were drawn from experiencein
earlier health promotion projects (nondigital) among social and
health care workers, and from Mobile Fitness’ expertise with a
digital weight loss tool used in a similar population, both with
individual users and applied in workplace settings (unpublished
data).
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Figure 1. Overview of the SoSu-life study.
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Description of the SoSu-Life Tool

Thetools basic featureswere self-reporting of diet and exercise,
personalized feedback, suggestionsfor activitiesand programs,
and practicd tipsand tricks. A seriesof social features, including
weekly assignments and colleague challenges designed to create
socia support and build socia interactions at the workplace,
played avital rolein promoting behavior change. The SoSu-life
tool aimed to mobilize whole groups of colleagues to not only
encourage each other in achieving persona goals, but also work
on identical small weekly assignments. Points were assigned
toal individual and group activities and were collected for both
individuals and groups. Individual activities gave points not
only to the individual but a so to the group as part of the group
competition. In this way, each individual’s use of the digital
tool benefited the whole group.

On entering the study, each participant chose one pledge out of
seven to focus upon: lose weight, eat healthier, improve physical
fitness, improve physical strength, quit smoking, decrease the
number of cigarettes smoked, or maintain a healthy lifestyle.
The program itself recommended apledge based on information
obtained from the health examination. The choice of pledge
was designed to give the participants a key focus area
Subsequent communi cati on—feedback, frequency, and content
of emailsand text messages provided by the program, and topics
for user-to-user communi cation—was targeted according to the
participants’ individual pledge. M essages contained information
about specific health issues related to the pledge, general tips,
and tricks on health and well-being.

The program had various tools to help the user succeed with
the pledges. The salf-reporting of diet and exercise wasaweight

http://www.jmir.org/2017/4/€108/

losstool based on aunit system designed to assist either weight
loss or maintenance of a weight loss [22]. All foods were
assigned a number of units based on portion size, calories, and
macronutrient composition [22]. Daily energy level was
calculated based on the users’ height and weight, and on this
basisthe number of units per day advisable for weight losswas
suggested. The user registered his or her food intake and daily
exercise, and the program gave feedback on the energy balance
of the day, agreen codeindicating aproper energy balance, and
ared code for excessive energy intake. Exercise was registered
as bonus-units according to standardized energy expenditure
equivalents related to specific types of exercise [23] (more
information is given in the Multimedia Appendix 1). The same
system was used for those participants wishing to focus on
exercise alone, and feedback was given in the form of humber
of earned bonus-units. The website provided accessto anumber
of video-supported exercise programs designed to increase
fitness level or improve strength. Smokers wishing to either
change their smoking habits or quit smoking were advised to
begin by registering their habitual use of cigarettes, the time
the cigarettes were smoked, and the mood they were in when
they were smoking the cigarettes.

The social features included weekly assignments for all group
members. Such weekly assignments could be “drink at least
oneliter of water every day all week” or “remember to say Good
Morning to your colleagues every morning all week.” The tool
also included “colleague challenges’ that were to be sent from
colleague to colleague and were determined by the participants
individual pledge. Challenges might be: “Do not eat sugar for
three days’ or “Bring some fruit for us two to eat together
tomorrow during the afternoon break.” All features could be
accessed from both the app and website (Figures 2 and 3).
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Figure 2. Screenshot of the SoSu-life app menu.
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The SoSu-life program entails a team competition and used a
point system where all activities performed using the tool gave
points to the individual user. The point system provided the
highest reward for taking part in social activities. Performing
theweekly challenges, and sending and carrying out “ colleague
challenges,” were rewarded with more points than registering
diet or exercise, or taking tests or quizzes. During the first 16
weeks, each of the participating nursing homes or home care
units constituted ateam, and each of theindividual participants
points were added to the teams' total points. A lottery ticket
was generated for each point earned by the team. Each month
the teams had a chance to win a prize from a simple lottery
drawn by the research staff. The more points the team had, the
bigger the chances of winning. The prizesincluded things such
as a shopping bag for each team member, aZumbaclassfor the
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team, or a visit from a bartender who served fruit smoothies
during lunch hours. The team that collected the most points
after 16 weeks also won a prize. Points were still collected in
the second (22-week) intervention period, but no prizes were
provided. The cost of the prizes was covered by the main
sponsor of the project, who also presented the prizes at local
cel ebration events at the nursing homes. The social featuresand
the team competition were designed to create a supporting and
encouraging work environment to hel p generate behavior change
in the individual participant. A more complete description of
the tool based on the TIDieR-checklist is given in the
Multimedia Appendix 1. The content in the intervention
remained the same during the 38 weeks, and there were no
significant bug fixes or downtimes during the project.

JMed Internet Res 2017 | vol. 19 | iss. 4 [e108 | p.22
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 3. Screenshot of the SoSu-life website.
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Statistical Analyses

All statistical analyses were performed in Stata release 11
(StataCorp LP). Differences in anthropometric measures from
baseline to week 16, and from baseline to week 38, were
analyzed using a multilevel mixed effect linear regression
(mixed model) with municipality as a random effect.
Significance was set at P value <.05 for all analyses.

Descriptive statistics of the sample were presented as mean and
standard deviation (SD). Categorical data were presented as
percentage of the sample (n). Differences between groupswere
tested with unpaired t test, and chi-squared for categorical data.

Use of the SoSu-lifetool differed according to the pledge taken.
Participants pledging change of smoking habits were therefore
left out of the anthropometric outcomes. A separate analysis of
asubgroup of participants with weight loss pledge, both during
thefirst 16 weeks and the last 22 weeks (subgroup with weight
loss pledge 1 and 2), was carried out.

The study was designed and powered as a “completers only”
study, considering the completer analysis as the primary
outcome, and that an intention-to-treat (ITT) analysis should
serve as a sensitivity analysis. Thiswas decided on the basis of
two major considerations. First, the study was designed as a
real-life intervention applied in a workplace setting, and
participation was completely voluntary. The information
provided to the study participants in the recruitment phase was
relatively brief, approximating what we consider realistic if the
intervention was to be disseminated on a much larger scale.
Second, the pragmatic study design with only 4 visits at each
workplace (information meeting, baseline meeting, week 16,
and week 38) essentially gave no room for any rescheduling of
clinical measures and completion of Web-based questionnaires
at the workplaces. This meant that absence from work on the
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clinical visit days, whether due to time off or illness,
automatically led to missing data.

We believe this would have resulted in quite a significant
amount of missing data. However, when performing an ITT
baseline carried forward analysis, the results showed no major
changes (see Multimedia Appendix 1).

Power Calculations

Change in body weight among study completers was used for
the power calculations. Recruiting a total of 450 participants
divided equally between the 2 study groups, and assuming (1)
dropout rate of 25% and 20% over the 16 weeks and 22 weeks
intervention periods, respectively, (2) a between-group
difference of 2.0 kg, (3) SD of 4.0 kg in both groups, and (4) a
significance level of .05, this would result in a power of 0.98.
Fewer people volunteered to participate in and fewer completed
the study than anticipated (152 in the intervention group vs 117
in the control group). A post hoc power analysis based on the
actual results found a power of 0.27.

Results

Description of the Study Sample

Initially, 1203 employees from 20 different nursing homes in
6 municipalities were invited to participate in the study. After
the information meeting, atotal of 566 participants signed the
consent form and underwent baseline examination (n=355 in
theintervention group, n=211 in the control group). The second
examination took place after 16 weeks, when 65.2% (369/566)
participants were measured (n=227 in the intervention group,
n=147 in the control group). The same procedure was applied
after the total of 38 weeks, when 47.5% (269/566) still remained
in the study (n=152 in the intervention group, n=117 in the
control group; Figure 4).
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There were no significant differences at baseline between the (Table 1).
groups regarding social and anthropometric characteristics
Table 1. Socia and anthropometric characteristic at baseline for completersin SoSu-life group and control group.
Variable Sosu-life? Control® P value
Age (in years), mean (SD%) 47.0 (10.0) 47.0(9.9) 9g¢
Females, n (%) 140 (92.1) 108 (92.3) 95¢
Work schedule ,Nn (%)
Day duty 118 (77.6) 90 (79) 8g°
Evening duty 18 (11) 15(13.2)
Night duty 8(5) 4(4)
Varying shifts 8(5) 5(4)
Marital status?, n (%)
Single 47 (31) 31 (27) A48
Cohabitate 103 (68.7) 84 (73)
Children in the household” , n (%)
Yes, 1 child 36 (24) 39 (34) 08¢
Yes, 2 children 31 (20) 14 (12)
Yes, 3 or more 15 (10) 16 (14)
No 70 (46) 45 (40)
Height (cm), mean (SD) 166.2 (7) 165.5 (7.2) a7
Body weight (kg), mean (SD) 74.5 (15.9) 73.1(14.8) 449
Waist circumference (cm)i, mean (SD) 92.8(13.9) 91.2 (11.9) 27
Hip circumference (cm), mean (SD) 103.6 (10.8) 101.6 (10.8) 104
Total cholesterol (mmol/L)!, mean (SD) 5.3(09) 53(0.9) 78¢
Body fat percentage (%)k, mean (SD) 35.3(7.4) 35.1(7.4) .88¢
Systolic blood pressure (mmHg), mean (SD) 129.0 (16.5) 130.8 (16.4) 37
Diastolic blood pressure (mmHg), mean (SD) 80.9 (9.6) 82.1 (10.0) 3d

850Su-life: n=152, unless other is specified.

bControl: =117, unless other is specified.

sSD: standard deviation.

dDataare compared between groups using students t test.
€Data are compared between groups using chi-square test.
fControl: n=114.

950Su-life: n=150, control: n=115.

hcontrol: n=114.

iControl: n=116.

Isosulife: n=151, control: n=112.

kBody fat percentage device had a maximum of 49.9 %, SoSu-life: n=148, control: n=115.

Our study population is representative of the general
characteristics of social and health care workers in Denmark
[24]. The study included slightly more participantsworking day
shifts (77%) than is normal in this sector (60%). The study
population also included fewer shift workers (around 5%
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compared with 15% in general) [24]. Dropout rate was higher
for shift workers and for evening workers. Dropouts were
otherwise generally comparable with those that completed the
study, except that they had a higher waist circumference (data
shown in Multimedia Appendix 1).
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Figure 4. Flow diagram of the participants.
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Changesin Body Weight and AnthropometricMarkers

During the intervention period the SoSu-life group (excluding
participants with pledges regarding smoking) had a larger
decrease in body weight of -1.01 kg (P=.03), body fat
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percentage —0.78% (P=.03), and waist circumference of —1.79
cm (P=.007) after atotal of 38 weeks compared with the control
group. The weight loss subgroup had an even larger decrease
in body weight of —-1.64 kg (P=.02) and waist circumference
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of —2.47 cm (P=.008) after 38 weeks compared with the control
group.

The SoSu-life group (excluding participants with pledges
regarding smoking) had a larger decrease in body weight of
-1.54 kg (P<.001) and a decrease in body fat percentage of
-0.81% (P=.003) compared with the control group during the
first 16 weeks. Here the weight loss subgroup had a decrease
in body weight of —2.36 kg (P<.001), a decrease in body fat
percentage of -0.99% (P=.003), and a decrease in waist
circumference on —2.45 cm (P=.003) compared with the control
group (Table 2).

No significant difference was observed between any of the
SoSu-life groups or the control group in any of the other
outcomes, such as blood pressure or total cholesterol.

Balk-Mgller et &

When performing an ITT-analysis (results presented in
Multimedia Appendix 1), as expected, the overall effect size
between Sosu-Life and control group decreased, but remained
statistically significantly different for the primary outcomes,
such as body weight change. Hence, the ITT-analysis only
differed from the “completers only” results in terms of the
changesin body fat percentage from week 0 to week 38 between
SoSu-lifegroup and control that went from asignificant (P=.03)
to nonsignificant (P=.20), changesin waist circumference from
week 0 to week 16 between SoSu-life group and control that
went from nonsignificant (P=.09) to significant (P=.03), and
from week 0 to week 38 between subgroup and control that
went from significant (P=.008) to nonsignificant (P=.05).

Table 2. Changes in body weight, body fat percentage, waist circumference, systolic blood pressure, diastolic blood pressure, and total cholesterol
from week 0 to week 16 and from week 0 to week 38 for completers in Web- and app-based intervention for health promotion.

Changesfromweek Otoweek n  SoSu-life n  Subgroup n  Control Adjusted PvaueS Adjusted P valueS
16 and from week 0 to week 38 Mean (SE?) with weight Mean (SE)  gifference® between difference between
loss pledge” between SoSu-life  between sub-
Mean (SE) SoSu-life group and s,ubgroupb groupb
group and control and control  and
control (95% CI) control
(95% CI)
Body weightd(kg) week 130 -1.44(0.26) 41 -2.39(0.52) 117 0.10(0.19) -154(-218 <.001 -2.36(-3.23 <.001
0to 16 to -0.90) to -1.49)
week 130 -1.04(0.34) 41 -1.68(0.77) 117 -0.03(0.33) -1.01(-1.94 .03 -1.64(-3.04 .02
0-38 to -0.08) t0 -0.24)
Body fat week 127 -0.70(0.21) 38 -0.97(0.29) 114 0.04(0.16) -0.81(-1.35 .003 -0.99(-1.63 .003
Percentage 0-16 t0 -0.27) t0 -0.34)
week 126 -1.50(0.23) 37 -113(040) 114 -0.71(0.27) -0.78(-1.48 .03 -0.39(-1.43 .46
0-38 to -0.09) t0 0.64)
Waist week 130 -1.40(047) 41 -312(0.93) 116 -051(0.37) -1.05(-2.26 .09 -2.45(-4.09 .003
) d 0-16 t0 0.16) t0 -0.81)
Circumference™ (cm)
week 129 -0.67(0.50) 40 -1.90(0.96) 116 -0.04(0.44) -1.79(-3.09 .007 -2.47(-4.30 .008
0-38 to —0.49) to —0.63)
Systolic blood week 152 -2.27(093) 41 -190(143) 117 -257(1.03) 0.30(-241 .83 -0.52(-342 .66
pressure (mmHg) 0-16 to 3.02) t0 2.37)
week 152 -2.82(1.06) 41 -293(156) 116 -5.83(1.22) 227(-096 .17 -0.63(-342 .72
0-38 to 5.50) t0 2.16)
Diastolic blood week 152 -1.85(064) 41 -1.71(2.02) 117 -1.48(0.72) -0.57(-2.48 .56 0.87(-3.23 .68
pressure (mmHg) 0-16 t0 1.35) t0 4.96)
week 152 -2.02(0.62) 41 -4.02(2.24) 117 -230(0.65) 0.10(-1.69 .91 1.37(-343 58
0-38 to 1.90) to 6.16)
Total cholesterol week 149 0.10(0.07) 40 020(0.12) 112 0.20(0.09) -0.09(-0.30 .43 -0.01(-0.33 .97
(mmol/L) 0-16 t0 0.13) to 0.31)
week 148 -0.12(0.07) 40 -0.13(0.17) 111 0.01(0.08) -0.10(-0.31 .39 -0.09(-042 .61
0-38 t0 0.12) t0 0.24)

8SE: standard error.
bSubgroup defined by having weight loss pledge 1 and 2.

®Multilevel mixed effect linier regression with municipality as arandom effect.

YPartici pants with pledge regarding smoking habits was left out.
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Discussion

Principal Findings

The primary aim of the study was to evaluate whether using a
Web- and app-based tool for 38 weeks could stimulate beneficial
changes on body weight and other anthropometric markers. We
found that the SoSu-life group had lost —1.01 kg more body
weight and —0.8% more body fat percentage than the control
group at 38 weeks. Theweight loss subgroup had an even larger
decrease in body weight of —1.64 kg. These results correspond
well with results from other studies[2,11,13,25]. These results
suggest that aWeb- and app-based weight losstools can provide
modest but statistically significant effects (—0.68 kg) compared
with other weight loss methods (face-to-face-contact not
included) [12]. The lower than expected completion rate may,
however, have led to a lower statistical power than originally
estimated.

Interpretation

Overall, theseresults seem to correspond well with resultsfrom
other workplace interventions studies[14]. Theresultsindicate
that the first 16 weeks of using the tool were the most effective.
This is very much in line with other studies that have shown
more favorable results in shorter periods with a Web-based
weight loss tool [26,27]. In this study, some of the effects may
be due to the competitions, with prizes, and the emphasis on
developing healthy habits together with colleagues in the first
intervention period. The lack of social support associated with
Web-based tools has previously been reported as a problem
[28]. The SoSu-life tool distinguishes itself from most other
Web-based tools by having incorporating socia support from
known colleagues, both at the workplace and in a Web-based
forum, and our findings indicate the importance of socia
features when addressing this target group.

We found that some of the weight loss and decrease in body fat
percentage was maintai ned throughout the 38 weeks. However,
it is debatable whether a period of 38 weeksislong enough to
determinethelong-term effects of aWeb- and app-based weight
control tool. A meta-analysis by Kodama et al [12] suggests
that the study period must exceed 12 monthsif it isto determine
long-term effects. Only a few studies in this meta-analysis
exceeded 12 months and these studies did not find any positive
effects in using the Web-based tools [12]. The SoSu-life study
showsthat it is possibleto maintain aweight lossfor arelatively
long period with the use of a Web- and app-based tool, but it
cannot predict longer term effects.

The degree of motivation of participantsis likely to influence
results. Most previous comparable studies have recruited
voluntary participants who are overweight or obese, and who
have the specific intention to lose weight [25,26,29]. In this
regard, our study differed significantly from previous studies.
Weincluded as many participants as possible at each workplace,
regardless of their initial health status and motivation. We have
therefore recruited participants with varying degrees of need
for behavioral change, and different levels of motivation to
change behavior. We therefore specul ate that some participants
took part in the study simply because their colleagues signed
up and out of curiosity alone, and not necessarily with a wish

http://www.jmir.org/2017/4/€108/
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to change lifestyle, and this may explain the small effects we
observed.

There were fewer shift workers in the study population
compared with thetotal population, and more shift and evening
workers dropped out of the study than those working steady
daytime or weekend schedules. This could be explained by the
design of theintervention study, where the health examinations
primarily took place during the day time, but the social elements
inthetool and the group support from colleagues probably also
worked better for those with a natural interaction with several
colleagues during working hours.

We did not find any effects on blood pressure and cholesterol.
We ascribe this to the rather high variation in these measures,
as well as the modest effects that were shown in the
anthropometric markers. The intervention needs to be further
improved or applied for longer time periods if it is to induce
more significant clinical benefits. Furthermore, other clinical
outcomes, such as insulin sensitivity, should be investigated,
and subgroup assessments might identify risk profilesthat would
benefit more than the average user.

The extent to which the study participants were capable of using
the Web- and app-based digital tools was not considered in the
study, so essentially all employees were considered eligible.
The participants were only given a brief introduction asto how
to use the tool. This particular group of people, with lower
socioeconomi ¢ status and working day-to-day work with elderly
residents, may well be less capable of using digital tools than
the average population. Several participants had never used a
mobile phone before and were not very comfortable with using
a computer. This invariably created a nonuser group of
participants in the intervention group. The results may thus not
by fully ascribable to the actual use of the SoSu-life tool but
also in part to increased focus on health in general. Furthermore,
randomization was not blinded, and as both intervention and
control group underwent three health examinations, participants
in the control group may have received an incentive to make
lifestyle changes by virtue of the information from their health
examination.

Theintervention was designed to be applicableto the social and
health care workers genera workplace. However, if
implemented in a practical context, the health examinations
might very possibly be curtailed, or dropped, due to the extra
cost, and the introduction to the tool would probably take place
on the Web, so the effects of the tool would probably be smaller.
The SoSu-life tool was designed to run for 38 weeks. For the
intervention to be sustainablein thelong term, it would probably
require additional resourcesfrom the devel opers, sponsors, and
the workplaces. New content would be needed to be added to
thetool, repeated team competitions with accompanying prizes
(from the sponsor) would probably have to take place, and
management would have to make an effort to motivate
employees to keep participating and using the tool. Regular
health checks for the employees could possibly be conducted
by managers or other staffs, as most of them are trained health
professionals.
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Conclusions motivated for weight loss, and during the first 16 weeks of
intervention, when encouraged with group-based prizes in a
competition. The longer term effects at week 38 were modest
and associated with a relatively high dropout. To maintain the
effects beyond an initial period will probably require further
reinforcement of the intervention.

In conclusion, the SoSu-life Web- and app-based intervention
inemployeesin the socia welfare and health care sector resulted
in a lowering in body weight, body fat percentage, and waist
circumference, particularly among those that were specifically
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Abstract

Background: Ample evidence demonstrates that university students are at high risk for sedentary behaviors and inadequate
fruit and vegetable intake (FVI). Internet-based interventions for multiple health behavior appear to be promising in changing
such unhealthy habits. Limited randomized controlled trials have tested this assumption among Chinese university students.

Objective: Our objective wasto test the efficacy of an 8-week Web-based intervention compared with acontrol group condition
toimprove physical activity (PA) and FV1 in Chinese university students. The intervention content was based on the health action
process approach, and developed on the basis of previous evidence from the Western hemisphere. We evaluated self-reported
dataincluding PA and FVI, stages of changefor PA and FV/1, and motivational (risk perception, outcome expectancies, self-efficacy),
volitional (action planning, coping planning, social support), and distal (intention, habit) indicators for PA and FVI, as well as
perceived mental health outcomes (quality of life, depression).

Methods: In arandomized controlled trial, we recruited 566 university students from one university in the central region of
Chinaduring their general physical education class. After random allocation and exclusion of unsuitable participants, we assigned
493 studentsto 1 of 2 groups: (1) intervention group: first 4 weeks on PA and subsequent 4 weeks on FV1, (2) control group. We
conducted 3 Web-based assessments: at the beginning of the intervention (T1, n=493), at the end of the 8-week intervention (T2,
n=337), and at a 1-month follow-up after theintervention (T3, n=142). The entire study was conducted throughout the fall semester
of 2015.

Results: Significant time group interactions revealed superior intervention effects on FVI; motivational, volitional, and distal
indicators of FV1; and PA behavior changes, with an effect size (n?) ranging from .08 to .20. In addition, the overall intervention
effects were significant for stage progression to the action group from T1to T2 in PA (x21:11.75, P=.001) and FVI ()(21:15.64,

P=.03). Furthermore, the intervention effect was seen in the improvement of quality of life (F3 40,=1.23, n%=.03, P=.02).

Conclusions: Thisstudy provides evidencefor the efficacy of a\Web-based multiple health behavior intervention among Chinese
university students tested with different outcome variables. Future research should address the high dropout rate and optimize
the most effective components of this intervention.
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Introduction

Being physically active and eating healthily are known to reduce
the risk of developing noncommunicable diseases such as
cancer, cardiovascular disease, obesity, and type 2 diabetes [1].
Few young people, however, reach the recommendations of
health behavior for the prevention of noncommunicable diseases.
Considerable evidenceindicatesthat morethan half of university
students do not achieve at least 150 accumulated minutes of
moderate physical activity (PA) per week [2,3]. Additionally,
some studies show that university students and young adults
aged 18-24 years consume fewer than the recommended 5 daily
servings of fruits and vegetables[4,5].

University students are in the transition stage from late
adolescence to adulthood. Unhealthy lifestyle habits, which are
reinforced during this phase, often persistinto | ater life and lead
to long-term negative health outcomes [6]. Strategies to foster
ahealthy lifestylein university students are therefore essential.
Some evidence reveals that multiple behavior health
interventions can promote both exercise and healthy diets in
university students [1,7,8]. Thus, behavioral interventions for
university students are required to support long-lasting behavior
changes beyond late adulthood. M ost of these studies, however,
have been conducted only in Western societies.

Using Internet technology to promote health behavior change
has several advantages[9]. In particular, an Internet intervention
can (1) be delivered to large numbers of people at alow cost,
(2) ensure that the intervention is accessible at any time and
any location, and (3) provide follow-ups and feedback with
personalized and tailored methods. In addition, the use of
Internet technology is particularly relevant to young adults, who
arethe major users of such technology [10]. Moreover, tailored
Web-based health behavior interventions that try to address
specific characteristics of participants by providing information
and feedback based on previously provided information (eg,
assessed via questionnaire) harness the potential to provide a
more user-specific experience with higher relevance for each
participant [11,12]. A meta-analysis by Lustria et a [12]
concluded that tailored Web-based interventions could lead to
significant improvement in health outcomes at posttesting
(d=.14) and follow-up (d=.16). Such tailored Web-based
behavioral interventions, however, have very rarely been
systematically evaluated in China. To the best of our knowledge,
this study is the first test of a Web-based multiple behavior
health intervention delivered to Chinese university students.

The Health Action Process Approach

The theoretical backdrop of this study is the health action
process approach (HAPA; [13]), which divides the health

http://www.jmir.org/2017/4/e106/

behavior change processinto 2 phases. First isthe motivational
phase, in which people who do not intend to change their
behavior (nonintenders) are motivated to develop their
intentions. Afterward, they enter the second, or volitional, phase,
in which people initiate and perform the behavior. Within the
volitional phase, adistinction can be made between people who
have the intention to perform a specific behavior but do not act
(intenders) and people who aready perform the behavior
(actors). Thesedistinctionsallow for theinterventionsto address
those variables that are relevant to specific processes in the
sequential order. For example, before people can change
unhealthy habits, they must become motivated to do so. Thus,
such individuals may benefit most from interventions that
increase risk perception, self-efficacy, and the promotion of
positive outcome expectancies [13,14]. The ideaisto lead the
individual toward an explicit intention, by increasing their
awareness of potential risks, highlighting the positive effects
of a healthy lifestyle and addressing incorrect beliefs about
negative effects. Upon forming the intention, people enter the
volitional process. Individuals here benefit most from action
and coping planning interventions [15], as such interventions
help them translate their plans into behavior. Once people start
to perform a healthy behavior, self-regulatory skills are most
relevant for their maintenance progress. The behavior ismainly
directed by self-efficacy, which regulates how effort isinvested
and how persistenceis managed if barriers and setbacks occur.
In addition, promoting perceived social support from the
individuals social environment is equally important in
preventing relapse [13].

Study Objective

On the basis of this theory, previous interventions have been
developed and conducted with people interested in reducing
their cardiovascular risk in the Western hemisphere, where the
intervention effects have been well supported [16,17]. This
study aimed at testing the effectiveness of such an intervention
for Chinese students. Our objective was to test the efficacy of
an 8-week Web-based intervention (first 4 weeks on PA, and
subsequent 4 weeks on fruit and vegetable intake [FVI])
compared with a control group condition to improve PA and
FVI in Chinese university students. We examined the effects
on behaviors, stages of change movement for PA and FVI,
social-cognitive indicators for PA and FVI (motivational,
volitional, and distal), and perceived mental health outcomes
(quality of life and depression level).

We hypothesized that the main intervention effects would be
(1) more behavioral changein PA and FV1 (hypothesis 1a) and
more stage progression to the action stage for PA and FVI
(hypothesis 1b), (2) more improvements in motivational (risk
perception, outcome expectancies, self-efficacy), volitional
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(action planning, coping planning, socia support), and distal
(intention, habit) indicators of behavior change (hypothesis 2),
and (3) anincreasein positive mental health outcomes, including
higher quality of life and lower depression levels (hypothesis
3).

Methods

Participants and Procedure

Study participants were undergraduate students from one
university in the central region of China. We contacted a total
of 566 studentsin their first general physical education classes
with the assistance of physical education lecturers during the
fall semester of 2015. Of these, we excluded 73 (12.9%) after
random allocation, including those who were collegiate athl etes,
had restrictionsin termsof PA or FVI, or because they declined
to participate. Subsequently, 493 (87.1%) students completed
the onlineregistration and provided persona information within
1 week, including 270 studentsin theintervention group (54.8%)
and 223 studentsin the control group (45.2%). During the week
after registration, we invited students in both groups to answer
the first onscreen questionnaires (T1). Students in the
intervention group were encouraged to participate in a
Web-based program once aweek during the following 8 weeks,
while studentsin the control group did not receive any support.

http://www.jmir.org/2017/4/e106/
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Upon completion of the 8-week intervention, students in both
groupswereinvited to fill in the second onscreen questionnaire
(T2), followed by the third onscreen questionnaire
administration 1 month (T3) after the intervention. By the end
of the 8-week intervention, 337 (68.4%) students were still
participating, with 199 (59.1%) in the intervention group and
138 (41.0%) in the control group. Thefinal longitudinal sample
consisted of 142 students (28.8%), including 88 (62.0%) in the
intervention group and 54 (38.0%) in the control condition
(Figure 1). All website links for the questionnaire surveys at
T1, T2, and T3, aswell asfor the weekly intervention program,
were delivered viaemail. To boost the engagement of students,
we sent text message reminders and physical education lecturers
verbally reminded participants during class during the weekly
intervention process and 3 measurement points. Moreover,
students were offered an additional 5 marks to their final
physical education examination score as an incentive in
exchange for their participation at al 3 data collection waves.

All students were informed about the purpose of the study with
an informed consent form. The study procedure was approved
by the Committee for the Use of Human & Animal Subjectsin
Teaching & Research of Hong Kong Baptist University, aswell
as the Deutsche Gesdllschaft fiir Psychologie in Germany
(EK-A-SL022013), and was registered with Clinical Trials.gov
(NCT01909349; Multimedia Appendix 1 [18]).
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Figure 1. Flowchart of participant progress throughout the study phases.
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W (n=73)
Time 1
(n=433)
W
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(n=270); aged 15-24 years [Mean [ Allocation } (n=223); aged 17-24 years (Mean
19.01, 5D 1.16); 40.0% male 19.43, 5D 1.16); 52.5% male
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Lost at Time 2 Dostiest LostatTime 2
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Analyzed Analyzed
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19.19, 5D 1.02); 21.6% male

Intervention

The intervention comprised an 8-week Web-based intervention
targeting social-cognitive indicatorsfor health behavior change
for PA and FVI, based on the HAPA model [13]. The
intervention applied behavior change techniques such as
providing information about behavioral risks and the benefits
of behavior change, motivating the formation of intentions,
prompting identification of barriers, prompting setting of
specific goals, reviewing behavioral goals, providing feedback
on performance, prompting practice and presenting follow-up
prompts, motivating the planning of socia support, and
prompting relapse prevention [19]. Weeks 1-4 aimed at PA and

http://www.jmir.org/2017/4/e106/
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(Mean 192.54, 50 1.13); 40.7% male

weeks5-8 aimed at FV 1, as PA might act as agateway behavior
[20,21] and PA modules are the most favored ones in tailored
eHealth lifestyle promotion [22]. Participantsreceived 1 session
per week, which lasted about 20 minutes.

The first session for each behavior targeted risk perception,
outcome expectancies, and goal setting, and the second session
targeted the development of action plans. The third session
targeted the revision and adjustment of previously developed
action plans, aswell as the development of coping plans, while
the fourth session targeted the revision and adjustment of
previously developed coping plans and social support (Table
1).
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Table 1. Intervention content and techniques for each week.
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Session content Physical activity Fruit and vegetable intake
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Session 1
Risk perception Yes Yes
Outcome expectancies  Yes Yes
Goal setting Yes Yes
Session 2
Development of action Yes Yes
plans
Session 3
Revision of action plans Yes Yes
Development of coping Yes Yes
plans
Session 4
Revision of coping Yes Yes
plans
Social support Yes Yes
Behavior change tech- Information Feedback on Feedback on Feedback on Information Feedback on Feedback on Feedback on
niques [19] on behav- performance, performance, performance, behavioral performance, performance, performance,
ioral risks reviewing presenting prompting risks and reviewing presenting prompting
and benefits  behavioral  follow-up relapsepre-  benefitsof ~ behaviora  follow-up relapse pre-
of behavior  godls, prompts, vention, mo- behavior goals, prompts, vention, mo-
change, moti- prompting ~ prompting  tivatingthe  change moti- prompting ~ prompting  tivating the
vating inten-  practice relapsepre- planningof  vating inten- practice relapsepre-  planning of
tion forma- vention, socia sup-  tionforma vention, socia sup-
tion, prompt- prompting port tion, prompt- prompting port
ing specific barrier identi- ing specific barrier identi-
goal setting fication goal setting fication

Theintervention was not tail ored based on the motivational and
volitional stage of the HAPA. Instead, participants received
tailored individualized feedback on their behavior improvement
or decline at the beginning of each session, based on their prior
self-report questionnaire. Moreover, during each session,
participants received tailored normative feedback in the form
of bar charts to compare their current behaviora performance
and progress with population recommendations. Figure 2
illustrates a screenshot example (translated from Chinese) of
the feedback information the participants received for PA over
an accumulated amount of time (in the previous 4, 3, and 2
weeks, and the first week), as well as the PA recommendation
criteria. A tailored comment was also presented, such as

You have spent an accumulated 440 minutes in PA
last week. Great! This performanceisbetter than two

http://www.jmir.org/2017/4/e106/

weeks ago and you have achieved the recommended
amount of PA for good health. Congratulations! Keep
going!
In addition, we provided optional examples featuring role
models throughout the intervention to support participants (eg,
for setting goals or developing plans). We adopted a positive
tone throughout the intervention.

The intervention in this study was based on previous research
conducted in Germany and the Netherlands [23]. Prior to
conducting the main study among Chinese university students,
we completed preparation work on the intervention program in
aprestudy, including the devel opment and validation of adapted
Chinese intervention materials, setting up intervention website
modules, and optimizing website functioning by implementing
Web-based tests with a small sample size.

JMed Internet Res 2017 | vol. 19 | iss. 4 |e106 | p.35
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Duanet d

Figure 2. Example of individual and normative feedback relating to time spent engaging in physical activity.

Feedback on Your Physical Activity (PA)

This figure shows how you participated in PA last week.

The accumulated time you spent in PA last week is 440 minutes. This performance is better than two weeks ago

and you have achieved the recommended amount of PA for good health. Congratulations! Keep going!!!

Today’s online learning can help you keep this status.

The value under red column: the amount of time for PA four weeks ago.

The value under yellow column: the amount of time for PA three weeks ago.

The value under purple column: the amount of time for PA two weeks ago.

The value under blue column: the amount of time for PA one week ago.

The value under green column: the recommended amount of time for PA (150 minutes).

190mins/week
Two weeks ago

510mins/week
Three weeks ago

450mins/week
Four weeks ago

M easures

Demographic | nformation

Items addressed demographic characteristics, such as sex, age,
and relationship status (single or in a relationship). We aso
collected self-reported body height (in centimeters) and body
weight (in kilograms).

Health Behaviors

We assessed PA using the Chinese short version of the
International Physical Activity Questionnaire (IPAQ-C) [24,25].
The IPAQ-C asked participants to estimate the number of days
and amount of time spent on vigorous, moderate, and walking
activities during the past 7 days. An individual total PA score
(in minutes/week) was obtained when al questions were
summed [25].

FVI during the past 7 days was assessed with 4 items: raw
vegetables, fruits, fruit or vegetablejuice, and cooked or steamed
vegetables[26]. For each item, participants were asked to count
the number of portions or glasses of liquid fruit and vegetables
they consumed on average during atypical day. Each item had
11 options about the number of portions, such as0, 0.5, 1, 1.5,
2,2.5...5 or above. Thetotal consumed portion was the sum of
each item.

Stages of behavioral change were assessed for PA and FVI,
each with 1 item on a 5-point scale asking “Did you engage in
physical activity at least 5 days aweek for 30 minutes or more
(or 2.5 hours during the week)?" and “Please think about what

http://www.jmir.org/2017/4/e106/
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150mins/week
Recommendation criterion

440mins/week
One week ago

you have typically consumed during the last weeks: did you eat
5 portions of fruit and vegetables per day?’ (1=no, and | do not
intend to start; 2=no, but | am considering it; 3=no, but |
serioudly intend to start; 4=yes, but only for a brief period of
time; 5=yes, and for a long period of time) [27]. People who
selected point 1 were nonintendersin stage 1, those who selected
point 2 or point 3 were intenders in stage 2, while those who
selected point 4 or point 5 were actors in stage 3.

Motivational I ndicators of Behavior Change

We adapted the risk perception scale from Perloff and Fetzer
[28]. Items started with the stem “How likely isit that you will
have at sometimeinyour life...,” followed by 5 items: “ahigh
cholesterol level?” “a heart attack?” “high blood pressure?,”
“astroke?” and “a cardiovascular disease?’ Response used a
7-point scale ranging from 1=very unlikely to 7=very likely
(Cronbach alpha=.84).

We assessed positive and negative outcome expectancies for
PA with 2 items, each on a 5-point scale (1=don’t agree at all;
5=totally agree), such as “If | am physically active 5 days a
week for 30 minutes or more, then...” | feel better afterward,”
or “it will cost me a lot of time" (positive: p=.78; negative:
p=.57) [29]. We assessed positive and negative outcome
expectanciesfor FVI, eachwith 2 items, such as*If | eat at |east
5 portions of fruit and vegetables, then...” “thisis good for my
health,” or “this will be a financial burden” (positive: p=.88;
negative: p=.74) [29].

We assessed self-efficacy for PA with 5itemson a5-point scale
(1=don't agree at all; 5=totally agree), such as “l am certain
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that | can permanently be physically active for at least 5 days
aweek for 30 minutes each day” (Cronbach alpha=.88) [30].
We assessed self-efficacy for FV1 by 5 items on the basis of the
PA scale, such as“l am certain that | can eat 5 portions of fruit
and vegetablesaday evenif it issometimesdifficult” (Cronbach
alpha=.92) [30].

Volitional I ndicators of Behavior Change

We distinguished planning as action planning and coping
planning. We assessed action planning by the stem “For the
next month | have carefully planned...” followed by 3 itemsfor
PA, such as “which PA | will pursue,” or followed by 3 items
for FV1, such as“what | will eat” (Cronbach alphafor PA=.86;
Cronbach aphafor FV1=.91). We assessed coping planning by
the stem “For the next month | have carefully planned..”
followed by 3 itemsfor PA, such as “what | can do in difficult
situationsto stick to my intentions,” or followed by 3 itemsfor
FVI, such as “how | can eat healthy, even if something
happened” (Cronbach alpha for PA=.87; Cronbach alpha for
FV1=.93). Answerswere given on a5-point scale ranging from
1=totally disagree to 5=totally agree [15].

We assessed socia support with 3 items for PA (Cronbach
alpha=.72) [31] and with 3itemsfor FVI (Cronbach alpha=.69)
[31], such as “My partner helps me/my family helps me/my
classmates and friends help me to stay physicaly active,” or
“My partner helps me/my family helps me/my classmates and
friends help me to eat healthy.” Answers were measured with
a5-point scale (1=not at al true; 5=exactly true).

Distal Indicators of Behavior Change

Regarding intention, for PA, we assessed 3 independent items
with a4-point scale (1=not true; 4=exactly true), representing
different intensity levels of PA. “On 5 days a week for 30
minutes (or a minimum of 2.5 hours per week), | have the
intention to perform...” “ strenuous physical activity,” “moderate
physical activity,” or “mild physical activity” (Cronbach
alpha=.34) [27]. We assessed intention regarding FV1 using 3
items: “I serioudly intendto...” “eat at least five portions of fruit
and vegetables daily,” “eat fruit and vegetables at every meal,”
and “drink at least one fruit or vegetable juice every day”
(Cronbach alpha=.73) [27].

We assessed the habit scale with the stem “Being physically
active for at least 30 minutes on 5 days a week is something
that...” and “Eating 5 portions of fruit and vegetables per day
is something that...” followed by 2 items, such as “has become
a confirmed habit” and “I do without thinking about it”
(Cronbach alpha for PA=.95; Cronbach alpha for FV1=.87).
Answers were indicated on a 5-point scale ranging from
1=strongly disagree to 5=strongly agree[32].

Mental Health Outcomes

We assessed quality of life using the Hong Kong version of the
World Health Organization's Quality of LifeBREF
guestionnaire [33]. We measured general quality of life with
the question “How would you rate your quality of life?’ with
a 5-point scale (1=very poor; 5=very good). We a so used the
physical health subdomain with 7 items (Cronbach alpha=.71),
such as “How satisfied are you with your ability to perform
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your daily living activities?’ (1=very dissatisfied; 5=very
satisfied).

We assessed depression using the Chinese version of the Center
for Epidemiologic Studies Depression (CES-D) scale, a
self-report depression scale for research in the general
population [34]. Participants were asked to indicate the
frequency of symptoms on a 4-point scale (O=less than a day;
1=1 to 2 days; 2=3 to 4 days,; 3=5 to 7 days) within the last
week. Positively formulated itemswere reversed. Thetotal score
consisted of the sum of all 20 items and ranges from O to 60
(Cronbach alpha=.78). A CES-D score of 16 or greater indicated
the likelihood of clinically significant depression.

Among al of the questionnaires above, IPAQ-C, quality of life,
and depression had been well developed and validated in
Chinese versions in previous studies [25,33,34]. The English
guestionnaires addressing motivational, volitional, and distal
indicators of behavior change were trandated into Chinese by
abilingual researcher. The trandation was then validated using
the standard back-tranglation technique [35]. Analysis of the
data from the pilot test showed that the scales' reliability was
acceptable. In addition, we conducted pilot tests to ensure the
usability and technical functionality of the electronic versions
of the questionnaires prior to the main study.

Data Analysis

We conducted al data analyses using IBM SPSS version 23
(IBM Corporation). We used independent samples t tests and
chi-square tests to analyze dropout and to compare baseline
characteristics at T1. Statistical significance was set at the 5%
level (2-tailed).

We tested intervention effects on PA and FVI behavior
(hypothesis 1a) with arepeated-measures multivariate analysis
of variance after screening the variables successfully. To
evaluate hypothesis 1b, we first presented descriptive
information (count and percentage) on stage distribution across
T1, T2, and T3 between the intervention group and the control
group for PA and for FV1. We then performed chi-square tests.
To increase the cell sizes of stage groups for statistical
significance, we collapsed the nonintender and intender groups
into an inactive group and contrasted it to the active group. We
evaluated stage movements in terms of cross-tabulating stage
at T1 with T2 or T3 separately for the intervention versus the
control group to compare the 2 groups with each other.

In addition, we tested the effects on combined motivational,
volitional, and distal indicators of behavior change (hypothesis
2), as well as on mental health outcomes (hypothesis 3), by
conducting a series of repeated-measures analyses of covariance
with baseline behavior as the covariate. For both
repeated-measures multivariate analysis of variance and
repeated-measures analyses of covariance, wetested trends over
time (T1, T2, and T3) as the within-participants factor, with
treatment (intervention group vs control group) as the
between-parti cipants factor, adjusting for both baseline PA and
FVI (as covariates).

We report results based on those individuals who participated
inal 3 measurement points. Missing datawereimputed within
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each  measurement point in time the

expectation-maximization method.

using

Results

Dropout Analysis

Results indicated that 493 people participated fully in data
collectionat T1,337at Tland T2, and 142 at T1, T2, and T3.
The dropout rates of participants were 31.6% (156/493) from
T1to T2 and 57.9% (195/337) from T2 to T3. The 142 find
student sample included more women (n=101, 71.1%) than
men, with a mean age of 19.3 years (range 17-24, SD 1.07).
Most (128/142, 90.1%) of the participants were single. The
average body mass index (BMI) of participants was 20.13 (SD
2.29) kg/m? Participants a T1 and T2 (n=337) did not
significantly differ from dropouts at T2 (n=156) with regard to
relationship status (x%,=0.06, P=.81), age (t,0;=—0.05, P=.96),
BMI (t49,=0.22, P=.96), amount of PA at baseline (t,q;=1.20,
P=.23), and FVI at basdine (t49;=87, P=.39). More women

than men participated fully in data collection at T2 (x%,=10.67,

P=.001). In addition, those at T1, T2, and T3 (n=142) did not
differ from dropouts at T2 and T3 (n=351) with regard to

relationship status (x?,=0.46, P=.49), age (t,o;=—1.46, P=.15),
BMI (t,0,=1.12, P=.26), and FV| at baseline (t,0;=—0.74, P=.46).
Those who participated in data collection at all 3 measurement
points included more women than men (x21:22.60, P<.001)
and engaged in less PA at baseline (t49;=2.26, P=.02).

Duanet d

Randomization Check

There were no differences across the 2 groups at T1 regarding
PA level, FVI, socia-cognitive indicators (risk perception,
outcome expectancies, self-efficacy, action plans, coping plans,
social support, intention, and habit), relationship status, and
BMI (all P values .23-.94). Sex and age did, however, differ

between the 2 groups, with more women (x?,=7.650, P=.01)
and younger participants (t;,5=—3.96, P<.001) in theintervention
group than in the control group.

Evaluation of Time and Treatment on PA, FVI, and
M otivational, Volitional, and Distal indicators of
Behavior Change

Table 2 presents the results, most of which were significant.
Because the question of whether the intervention group and the
control group developed differently over time is crucia, the
interaction was of the highest interest. Out of 8 effects, 7 were
statistically significant, with an effect size of n? ranging from
.08 to .20. Only PA behavior was not statistically significant
(see Table 2). However, the mean values of PA at different
intensities (see Figure 3) indicated that there were descriptive
differences between the 2 groups, which were clearly in favor
of the intervention group. This was matched by the effects on
FVI (see Figure 4), however, with significant effects (n°=.13,
P<.001).

Table 2. Effect sizes (r]z) and P values (significant at the 5% level, 2-tailed) for time, treatment group, and baseline behavior, as well as interaction.

Effects Behavior® Motivational® Volitional® Distal®
rl2 P value r|2 P value r]2 P value r]2 P value
Physical activity (minutes/week)
Time .03 .03 .04 49 .07 12 .04 .22
Treatment .01 .63 .05 .06 A1 <.001 .08 .01
Baseline behavior N/A® N/A 14 <.001 .10 .04 19 <.001
Interaction time treatment .01 .95 A1 01 14 .01 .08 .02
Fruit and vegetable intake (portions/day)
Time .03 15 .04 52 .02 .81 .04 .22
Treatment .06 .01 .06 .05 .05 .06 08 .01
Baseline behavior N/A N/A .18 <.001 A3 <.001 21 <.001
Interaction time treatment i <.001 14 .01 .20 <.001 A1 .01

8Behavior indicators: vigorous, moderate, and walking activity, or fruit and vegetable intake.
BMotivational indicators: risk perception, outcome expectancies, self-efficacy.

%Volitional indicators: action plans, coping plans, social support.
UDistal indicators: intention, habit.
EN/A: not applicable.
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Figure 3. Performed physical activity (vigorous: left panel; moderate: middle panel; and walking: right panel) of the intervention group and the control
group, in minutes per week, at 3 measurement points (T1: baseline; T2: end of intervention; and T3: 1-month follow-up).
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Evaluation of I ntervention Effectson Stage Progression
tothe Action Stage

Table 3 and Table 4 present the stage distributions at T1, T2,
and T3 for PA and FVI. Descriptively, the stage developments
underline that the intervention group was more likely than the
control group to move to the action stage. After we collapsed
the nonintender and intender groups as a single inactive group,
there were at least 5 individuals in each cell for statistical
significance testing. The findings validated previous results:

http://www.jmir.org/2017/4/e106/
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for PA, individuals who were inactive at T1 in the intervention
group were more likely to move to the action stage at T2

(x%,=18.57, P<.001). Although descriptively this was also the

caseat T3, thisintervention effect was not significant ()(21:0.91,
P=.34). While the overall intervention effect for individuals
being inactive and active at T1 was also significant from T1 to
T2 (x?=11.75, P=.001), no changes from T1 to T3 were

statistically significant (all x* were <2 and P values ranged from
1210 .27).
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Stage Intervention group Control group Total
n % within group n % within group n % within group
AtT1
Nonintender 5 5.7 6 111 11 1.7
Intender 49 55.7 25 46.3 74 52.1
Actor 34 38.6 23 42.6 57 40.1
At T2
Nonintender 2 23 8 14.8 10 7.0
Intender 30 34.1 23 42.6 53 373
Actor 56 63.6 23 42.6 79 55.6
At T3
Nonintender 1 11 10 18.5 11 7.7
Intender 42 47.7 20 37.0 62 43.7
Actor 45 511 24 444 69 48.6
Table 4. Fruit and vegetable intake stage distributions at T1, T2, and T3 (n=142).
Stage Intervention group Control group Total
n % within group n % within group n % within group
AtT1
Nonintender 7 8.0 6 111 13 9.2
Intender 57 64.8 29 537 86 60.6
Actor 24 273 19 35.2 43 30.3
At T2
Nonintender 1 11 8 14.8 9 6.3
Intender 34 38.6 23 42.6 57 40.1
Actor 53 60.2 23 42.6 76 535
At T3
Nonintender 1 11 6 111 7 4.9
Intender 33 375 30 55.6 63 444
Actor 54 61.4 18 333 72 50.7

Conducting the same tests for FV1, the findings revealed more
positive results, with significant changes between the
intervention and the control group, both at T2 for previously

inactive (x%=15.07, P<.001) and active individuals (x*,=4.28,
P=.04), and for the overall effect (x>,=15.64, P=.03). At T3,
the effect was only significant in previously inactiveindividuals
(x?;=13.15, P<.001), but not active ones (x%=1.35, P=.21). The
overall effect, however, was also significant (x?,=10.52,
P<.001), suggesting the intervention’s effectiveness.

Evaluation of Time and Treatment Effects on Mental
Health Outcomes

Finally, we analyzed the intervention’s effect on quality of life
and depression. Asno significant differences between the stages

http://www.jmir.org/2017/4/e106/

emerged (tested for both behaviors), weleft out the factor stage
during the subsequent analysis. We found no significant
differences for the group factor (F3;30=1.16, n?=.02, P=.31).
The interaction of time and group was significant (F3 ;39=3.03,
n2=.08, P=.02). The effects were, however, only dueto quality
of life (F340=1.23, N°=.03, P=.02). As for depression, the
interaction was not significant (F3 49,=0.17, n%<.01, P=.48).
Figure 5 presents the mean values for quality of life and Figure

6 presents those for depression levels at the 3 measurement
points for both groups.
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Figure5. Mean scoresfor quality of life (QoL) at T1, T2, and T3 in the intervention group and the control group.
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Figure 6. Mean scores for depression at T1, T2, and T3 in the intervention group and the control group.

2.15
2.13 \
21 \
2.09 \

2.05
2.03
2.0
1.99
1.97
1.95

Means of Depression

T1 T2

207 \ ’/

Group

= |ntervention
Group

= = = Control Group

1.998

T3

Measurement Points

Discussion

This study aimed to test the efficacy of an 8-week Web-based
intervention compared with acontrol group condition to improve
PA and FV1 in Chinese university students. The majority of the
study assumptions were supported.

Intervention Effectson Primary Outcomes

When testing the effects of time treatment on the 2 behavior
test variables, 1 wasfound to be significant. In comparison with
the control group, students in the intervention group reported

http://www.jmir.org/2017/4/e106/
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more consumption of fruit and vegetables over time. In addition,
descriptively, the amounts of average FV1 for the intervention
group were all greater than the recommended amounts (5
portions per day) at the end of the 8-week intervention (6.3
portions) and at the 1-month follow-up (5.8 portions). This
positive result among Chinese university studentsis consistent
with a previous study, which was conducted with German and
Dutch adults who wanted to reduce their cardiovascular risk
[16,17]. Sincewe used intervention materialsand astudy design
similar to the previous one, the generalization of intervention
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effectson dietary behavior in this study can be warranted across
Eastern and Western countries.

In terms of PA behavior, however, there was no significant
interaction effect, which is not in line with other studies
[16,17,36,37]. Reasons for this discrepancy may include, first,
that PA levelsof university studentswere overall relatively high
at the start of the intervention (T1). According to the IPAQ-C
scoring protocol, more than half of the students in this study
(268/493, 54.3%) were classified as“ sufficiently active” at T1,
which means that individuals already participated in 3 or more
days of vigorous activity for at least 20 minutes per day [24].
Therefore, ceiling effects might have influenced the
intervention’s efficacy on PA change. Second, as young adults
need long-term processes to establish PA behaviors as habits,
the 4-week Web-based intervention dose might not have been
sufficient to change their PA habits. The same issue can aso
be found in another Web-based PA intervention among
university students [38]. Third, measuring PA after 8 weeks
might have been a too-distal measurement point, as PA was
addressed only throughout the first 4 weeks. Hence, PA levels
could have dropped back by the time of the assessment. Taking
these findings together, half of hypothesis 1a was supported.

With respect to the intervention effects on stage progression for
thetwo behaviors, the resultswere positive. In comparison with
studentsin the control group, studentswho wereinactivein the
intervention group reported more stage movementsto the action
stagefor PA from T1to T2. In addition, theintervention effects
on stage progression for FVI were found both from T1 to T2
and from T1 to T3. It seems that the stage progression of
multiple health behaviors was positively interrelated with each
other in this study (T1-T2). A previous study revealed that PA
and FV1 appeared to facilitate rather than hinder each other [39].
There were cross-behavior associations between these two
behaviors. This opinion was a so supported by astudy that found
consistently significant correlations across stages between
nutrition and PA (r range .16-.26, P<0.01) [40Q]. Future studies
should address the evaluation of mechanisms that transfer
intervention effects on stage movement from PA to FV1, or vice
versa. Referring back to hypothesis 1b, the data supported most
of the assumption of stage progression.

Intervention Effects on Secondary Outcomes

When evaluating the outcomes of social-cognitive indicators
of behavior change, all 6 tests revealed significant treatment
effects on motivational, volitional, and distal indicators of PA
and FV|I over time, with the effect size ranging from .08 to .20.
The findings are in line with previous studies, in which
motivational and volitional interventions were both used to
change multiple health behaviors[8,16,17]. In sum, our results
support hypothesis 2.

The increase in positive mental health outcomes of quality of
life and depression levels was evident in this study when
combining the 2 measures together. This main effect, however,
was due to the changes in quality of life only and not
significantly to changes in depression. One possible reason for
the lack of effect on depression might be that PA did not
improve in this study, which cannot bring about mental health
consequences. Another possible cause might be floor effects,
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asuniversity studentsreported |ow depression levels at the start
of the study (mean 2.08, SD 0.61), which reflects the healthy
mental status of participantsin thisstudy. To prevent depression
in the long term, however, more components explicitly
addressing mental health would need to be devel oped and tested
in future interventions. Overall, half of hypothesis 3 was
Supported.

Limitations

Some limitations of this study need to be addressed. First, the
dropout rate was high. Compared with male students, female
students who performed less PA at baseline were more likely
to comply with the instructions of the program and spent time
completing data collection across the 3 time points. Thus,
personal characteristics could be one explanation for the high
dropout rate. Another reason might be related to the physical
education lecturers' verbal reminders in physical education
class. In this study, data collection at T3 was scheduled during
theweek in which thelast physical education classwas offered.
Studentswho attended the final physical education examination
1 week before the last class were alowed to be absent for the
last physical education class, which means the lecturers could
not verbally encourage those absent students to complete the
final data collection. This might explain why the dropout rate
from T2 to T3 (57.8%) was higher than that from T1 to T2
(31.6%). In addition, dropout and low engagement with
guestions could be caused by intervention features, such asthe
Web-based format and layout, length of the questionnaire, or
browser difficulties on the intervention website [41-43]. Future
studies should further address the characteristics of dropout and
nonresponse to Web-based interventions, and find a solution to
enlarge the sample size. This would aso help provide more
comprehensive subgroup analyses on the effectiveness of
specific tailored components, as al participants would receive
a unique intervention, but are treated equally when analyzing
the data [44].

Second, the use of self-report questionnaires for behavioral
outcome measures could have led to recall bias, overreporting
or underreporting, and measurement errors. Thus, theinclusion
of objective measures such as biomarkers, accelerometers, or
pedometers is desirable in future studies. Third, the follow-up
period wasrelatively short in this study. The longer-term impact
of the intervention should be assessed in the future. Fourth, this
study did not explore the mechanism of how the treatment
facilitated multiple health behavior change (ie, the synthesis of
PA and FV1). In other words, it is unclear which social-cognitive
factors mediated the effect of the intervention on the
improvements in health behavior. We advocate conducting an
in-depth test in future studies.

Conclusions

This study provides evidence for the efficacy of a Web-based
multiple health behavior intervention among Chinese university
students. The magjority of study hypotheses were supported. The
initial findings suggest that the intervention was effective at
increasing FVI and in enhancing perceived quality of life. In
addition, all social-cognitive indicators of PA and FVI were
improved in thisstudy. Theintervention did not, however, show
the hypothesized effect on PA change. Future research is
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warranted to address some of the limitations noted above, to facilitate health promotion among university students, not
especially reducing high dropout rates and exploring the most  only in the Western but also in the Eastern hemisphere.
effective components of the intervention, which is imperative
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Abstract

Background: Thisstudy isone of the first randomized controlled trials investigating cognitive behavioral therapy for insomnia
(CBT-I) delivered by a fully automated mobile phone app. Such an app can potentially increase the accessibility of insomnia
treatment for the 10% of people who have insomnia.

Objective: The objective of our study was to investigate the efficacy of CBT-I delivered via the Sleepcare mobile phone app,
compared with awaitlist control group, in arandomized controlled trial.

Methods: We recruited participantsin the Netherlands with relatively mild insomnia disorder. After answering an online pretest
guestionnaire, they were randomly assigned to the app (n=74) or the waitlist condition (n=77). The app packaged a sleep diary,
arelaxation exercise, sleep restriction exercise, and sleep hygiene and education. The app was fully automated and adjusted itself
to a participant’s progress. Program duration was 6 to 7 weeks, after which participants received posttest measurements and a
3-month follow-up. The participants in the waitlist condition received the app after they completed the posttest questionnaire.
The measurements consisted of questionnaires and 7-day online diaries. The questionnaires measured insomnia severity,
dysfunctional beliefs about sleep, and anxiety and depression symptoms. The diary measured sleep variables such as sleep
efficiency. We performed multilevel analyses to study the interaction effects between time and condition.

Results: The results showed significant interaction effects (P<.01) favoring the app condition on the primary outcome measures
of insomnia severity (d=—0.66) and sleep efficiency (d=0.71). Overall, these improvements were also retained in a 3-month
follow-up.

Conclusions: This study demonstrated the efficacy of afully automated mobile phone app in the treatment of relatively mild
insomnia. The effects were in the range of what is found for Web-based treatment in general. This supports the applicability of
such technical toolsin the treatment of insomnia. Future work should examine the generalizability to a more diverse population.
Furthermore, the separate components of such an app should be investigated. It remains to be seen how this app can best be
integrated into the current health regimens.

Trial Registration: Netherlands Trial Register: NTR5560; http://www.trialregister.nl/trialreg/admin/rctview.asp?T C=5560
(Archived by WebCite at http://www.webcitation.org/6noL aUdJ4)

(J Med Internet Res 2017;19(4):€70) doi:10.2196/jmir.6524
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Introduction

Approximately 10% of the western adult population have
chronic insomnia [1]. People with insomnia experience
difficulties falling asleep, staying asleep, or both, and as a
consequence they are sleep deprived during the day [2]. For
example, insomnia is associated with low levels of
concentration, greater fatigue, and impaired cognitive
functioning [3-5]. Another consequence of insomnia is an
increased risk of developing mental disorders such asdepression
and anxiety [6,7], or physical disorders such as diabetes and
high blood pressure [8,9]. Insomnia also leadsto societal costs
such as reduced productivity, higher levels of sick leave, and
more accidents [10].

One of the most common nonpharmacological treatments for
insomnia is cognitive behaviora therapy (CBT-1). CBT-l isan
effective treatment in either aface-to-face[11-13] or aself-help
format [14,15]. Recently it has become more common to offer
these self-help formats viathe Internet. A recent meta-analysis
[16] demonstrated that Internet-delivered CBT-1 showed large
treatment effects (Cohen d=1.0) on the Insomnia Severity Index
(1S). In addition to the efficacy of computerized CBT-I
(CCBT-I), this format has multiple other advantages over
face-to-face treatments. Potentially it can save costs, because
less therapist time is needed, and the treatment can be offered
to alarger number of people who can go through the treatment
in their own time.

Until now, studies on computerized treatments have been mostly
limited to Web-based treatments. A possible next step is
delivering CCBT-I via a mobile phone app. CCBT-I delivered
viaamobile phone has similar advantages to existing CCBT-I,
such aswide and easy accessihility, reduced stigma, and greater
cost-efficiency [17], but it could potentially exceed those
advantages because mobile phones are portable. People carry
their phones with them all the time and they are ubiquitous,
unobtrusive, and intimate. Therefore, an effective app-based
treatment for insomnia would increase the possible coverage
for CBT-I. Furthermore, mobile phones are rich in sensors,
computationally powerful, and remotely accessible, which
provides opportunities for personaization, ecological
momentary access, and real-time tracking [18,19].

In the domain of sleep, severa kinds of sleep apps have been
studied. For example, thereisan app that unobtrusively increases
awareness of sleep hygiene recommendations [20], an app that
applies active sleep sampling for measuring sleep [21], asocial
app that shares time in bed based on alarm usage [22], and an
app that supports and was used alongside of face-to-face CBT-I.
To the best of our knowledge, however, no studies have
evaluated the efficacy of stand-alone CCBT-I apps. To bridge
thisgap, we conducted arandomized controlled trial to compare

http://www.jmir.org/2017/4/e70/
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agroup using a CCBT-I-based app with awaitlist control group.
We expected that this app would have an ameliorating effect
on insomnia severity and sleep impairment compared with the
waitlist control group, assessed by a deep diary.

The app offered a deep diary, a relaxation exercise, sleep
restriction exercise, and sleep hygiene and education. Since
dleep restriction is seen as the most effective exercise [23,24],
it was the main focus of the app. The goal was to demonstrate
the app’s efficacy in a sample of patients with relatively mild
insomnia in order to test the proof of principle before
investigating it in amore severely affected popul ation.

Methods

This study had a between-participants design with 2 arms; a
waitlist condition and an intervention condition, with
preintervention, postintervention, and 3-month follow-up
measures.

Participants

We recruited participants from August 15 to October 21, 2015,
viawebsites, social media, online advertisements, flyers, and a
press release in the Netherlands. An initia group of 639
interested individuals completed an informed consent form and
started the online questionnaire. Of this group, we excluded 269
people based on theinclusion and exclusion criteria (see Figure
1, Multimedia Appendix 1 [25]). Inclusion criteria were (1)
difficulty with initiating or maintaining sleep for at least 30
minutes a night, for at least 3 nights a week, for at least 3
months, causing clinically significant distress or impairment in
daily functioning, in accordance with the criteria for a
Diagnostic and Satistical Manual of Mental Disorders (DSM-5)
diagnosis of insomnia[2], (2) stable medication use, (3) aged
=18 years, and (4) a valid email address, connected to the
Internet, and in possession of an Android mobile phone
(operating system version 4.1 or higher). Exclusion criteriawere
(2) 1Sl score [26] <7, (2) previous treatment with CBT-1 (3)
having started other psychotherapy in the last 6 months, (4)
salf-reported diagnosis of schizophreniaor psychosis, (5) alcohol
or marijuana abuse (>3 glasses of alcohol aday for at least 21
days amonth, or use of marijuana more than once aweek), (6)
possible sleep apnea (determined with a subscale of the
SLEEP-50 questionnaire; cut off 215 [27]), (7) shift work, (8)
pregnant or breast-feeding, (9) symptoms of depression
(determined with a subscale of the Centre for Epidemiological
Studies Depression [ CES-D] scale[28,29]; cutoff >27), or (10)
total sleep time <5 hours on average as reported in aconsecutive
7-day deep diary prior to the experiment. We measured all
inclusion and exclusion criteria, except the last one, using an
online questionnaire asking the participants directly about the
criteria (see Multimedia Appendix 2).
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Figure 1. Consolidated Standards of Reporting Trial (CONSORT) flow diagram of recruitment, reasons for exclusion, and experimental compliance.
CBT-I: cognitive behavioral therapy for insomnia.

Started online
guestionnaire: Incomplete assessment (n=150)
M=6f38 Excluded (n=269) hecause:
- Age <18 (n=4}
- Mo Android phone (n=18)
- Shift work (n=8})
- Pregnancy (n=4)
"l - Mo severe insomnia (=33}
- Alcohal abuse (n=6)
Y - Drug abuse (n=4}
- Prior CBT-I or recent psychotherapy (n=38)
Pretest - Apnea (n=46)
Finished online - Medicine use (n=11)
questionnaire n=220 - High depressive symptoms (n=99)
Y

Started online diaries:

n=200
Excluded because (n=49):
o 7 <6 diaries filled in (n=19)
| -average total sleep time <5 hours (n=30}
Y
Included in analysis:
nm=151
CBT-l app Waitlist
n=74 n=77
Y Y
Completed Completed
questionnaire: guestionnaire:
Posttest n=45 (61%) n=62 (B1%)
Completed diaries: Completed diaries:
n=30 (41%) n=47 (61%)

Y

Completed
questionnaire:
Fallow-up n=29 (39%)
Completed diaries:

n=18 (24%)

| ntervention principle, which is based on the idea that people interact

symbolically and physically with their environment (see [34]
The Sleepcare app [30,31] was based on previously published  for more details on the rationale and design decisions). The app
protocols (eg, [32,33]) and followed a talk-and-tool design packaged a Sleep diary, a relaxation exercise, sleep restriction
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exercise, and sleep hygiene and education (Figure 2). The app
offered these exercises in Dutch, adjusted them to the
participant, and reminded participantsto perform the exercises.
The basic program duration was 6 to 7 weeks, depending on a
participant’s adherence. For example, if a participant had filled
out <6 sleep diaries since starting the app, the app explained to
the participant that the sleep restriction exercise could start only
after they had completed 6 diaries. If they had completed <6
diaries, the introduction of the sleep restriction exercise was
postponed until participants met this prerequisite. The app was
fully automated and did not require any input from therapists
or a human administrator. Automatic warnings were built in
when participants slept for <5 hours on average. The first

Figure 2. Sleepcare app treatment protocol.

Horsch et d

warning appeared after 5 days and warned against activities
such as driving a car while feeling sleepy. Follow-up warnings
also included areferral to the general practitioner, and the app
automatically stopped the sleep restriction exercise.

The app consisted of ahome screen that displayed the scheduled
exercises for that day. Furthermore, there was a menu, a
calendar, and a conversation screen (Figure 3). The menu
provided access to all components of the app and the CBT-I
exercises. The calendar displayed al the scheduled activities
for the whole 7 weeks, which the participants could browse
through at any time. The app interacted with the participants
via dialogues on the conversation screen.

intro

sleep diary
relaxation exercise

sleep restriction

end

sleep tips and facts
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Figure 3. Mock-up screenshots of the Sleepcare app trandated from Dutch.
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Conversations

The conversation screen (Figure 3) displayed the dialogues
between the app and the participants, which were inspired by
face-to-face consultations. New exerciseswere introduced, and
the progress of the participants was evaluated. Typically, the
app gave information and asked multiple-choice questions.
Participants could open new conversations only after the
previous conversation wasfinished. Conversationswereinitiated
by the app based on a participant’s adherence and progress. For
example, if a relaxation exercise was done <3 times within 4
days of its introduction, a conversation would start to address
the participant’'s adherence. Additionally, the app started
conversations based on a participant’s progress; for example,
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after the participant had filled out the sleep diary for a week,
the app cal culated and showed weekly sleep efficiency averages
in an evaluation conversation. A detailed description of the
underlying design principles can be found in Beun et al [34].

CBT-l Exercises

Sleep Diary

The deep diary was avisual trandation of the core Consensus
Sleep Diary [35] consisting of 4 screens asking participants to
fill in their bedtimes and wake times, and their subjective sleep
quality. The dleep diary could only befilled out for the previous
night. Connected to the sleep diary was the sleep overview,
which gave avisual summary of the participant’s sleep.
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Relaxation Exercise

Relaxation exercises have along history for treating insomnia.
Based on the idea that hyperarousal is a main determinant of
insomnia, relaxation exercises are the designated treatment [ 36].
The relaxation exercise was a progressive muscle relaxation
exercise of varying durations, ranging from 1 to 16 minutes.
The participants could choose the length of the exercise
themselves before starting the exercise. By being offered short
exercises, participants were able to gradually devel op the habit
of relaxing. The participantswere guided by avoicetrack, which
told them which musclesto contract and when to relax. The app
advised participants to do the relaxation exercise once a day,
although participants could do the exercises as often as they
wanted [37].

Modified Sleep Restriction

Sleep restriction is seen as the most effective exercise [23,24],
and therefore was the main focus of the app. After aweek, the
app introduced the modified sleep restriction exercise, on
condition that participants had filled =6 sleep diaries and had
an average sleep efficiency of <85%. We developed an
algorithm to calculate the ideal and maximum time in bed for
that specific participant based on the average sleep times of the
previous week (FGB, unpublished data, 2016). The algorithm
used rules such as (1) the ideal time in bed is equal to the
average time in bed, (2) the maximum time in bed is always at
least 1 hour less than the average time in bed, (3) the advised
timein bed is never <5 hours [38], and (4) the advised timein
bed lies between average total sleep time and average timein
bed. Participants had the opportunity to negotiate their sleep
time. The app first suggested that the participant abide by the
ideal time in bed. The participant was then given the option to
accept that time in bed, to negotiate longer time in bed up to
the calculated maximum time in bed, or to refrain from sleep
restriction completely. Participants were allowed to negotiate
about and refrain from the sleep restriction exercise in order to
enhance self-empowerment, set realistic goals, and thereby
increase adherence. Every week the app evaluated the adherence
and effect of the sleep restriction exercise. When participants
sleep efficiency was >85%, they were allowed 15 minutes extra
in bed. When a participant’s average sl eep efficiency was <85%,
the app suggested the same or afurther restriction of 15 minutes,
depending on a participant’s adherence. We used a modified
dleep restriction protocol because we assumed this would
increase the possibility of completing the restriction exercise,
on the basis that more lenient sleep restriction is better than no
sleep restriction at all.

Sleep Hygiene and Education

Sleep hygiene and education consist of lifestyle
recommendations and knowledge about deep. As a
single-component intervention, it lacks efficacy [13]. However,
it laysthe foundation for CBT-I, since it increases participants
knowledge about sleep and the factors influencing sleep. By
increasing understanding, sleep hygiene and education increase
the efficacy of the other CBT-I exercises, and are therefore
included in many multicomponent interventions [36]. Sleep
hygiene and education information was presented on different
screens as tips and facts in text format. The tips were divided
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into 3 categories: (1) food and drink, (2) bedroom, and (3)
behavior. “ Useyour bedroom only for deeping, not for working”
was an example of a bedroom tip. The sleep facts were
categorized into 8 groups: (1) sleep cycles, (2) amount of sleep,
(3) age, (4) animals, (5) disorders, (6) causes, (7) leep medicine,
and (8) fun facts. An example of afact about ageis” The amount
of sleep a person needs is age dependent.”

Persuasive Strategies

We implemented various kinds of persuasive strategies to
support the participants adherence. First, the app sent
notifications for both the exercises and the conversations. So,
for a scheduled exercise such as filling in the sleep diary, the
app sent the participants a notification. For unfinished
conversations, additional reminderswere sent every day at hoon.
Second, the app provided room for negotiation about the sleep
restriction assignment as described earlier. Furthermore, the
app was designed to be easy to use and attractive, to improve
adherence [31,39].

M easurements
Questionnaire Measures

Primary Measure

We measured the severity of insomniawith a Dutch trandlation
of thewidely used ISI. Thisisa7-item questionnaire with scores
ranging from O (no insomnia) to 28 (severeinsomnia). A cutoff
score of 7 determined relatively mild insomnia[26]. We set the
cutoff score at this level instead of the clinically more relevant
cutoff score of 10 [40] because the goal of this study was to
demonstrate the feasibility of the app in a sample of patients
with at least subclinical levels of insomnia

Secondary Measures

The Pittsburgh Sleep Quality Index (PSQI) isaself-rating scale
that measures sleep disturbances over a 1-month period [41].
The PSQI consists of 19 itemswith scoresfrom 0to 3 evaluating
7 subdomains. The scores of these subdomains are summed to
calculate a global score ranging from 0 to 21. A globa score
>5 indicates severe impairment in at least two domains, or
moderate impairment in at least three domains.

We measured dysfunctional beliefs with the Dutch trandlation
of the brief Dysfunctional Beliefs and Attitudes about Sleep
(DBAS-16) scale[42]. The DBAS-16 consists of 16 statements
with scores from 0 to 10 to indicate how much people agree
with the statement. The average is calculated so that the total
score ranges from O (no dysfunctional beliefs) to 10 (severe
dysfunctional beliefs).

Anxiety symptoms were assessed with the 7 anxiety items of
the Dutch version of the Hospital Anxiety and Depression Scale
(HADS) [43,44]. The summed score ranges from 0 (no
symptoms of anxiety) to 21 (severe symptoms of anxiety).

Depressive symptoms were measured using a Dutch translation
of the CES-D scale. The CES-D consists of 20 itemswith scores
ranging from O to 3, which are summed, with higher scores
indicating more depressive symptoms [28,29].
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Diary Measures

We used an online Dutch translated version of the consensus
sleep diary [35]. Participants filled out the sleep diary for 7
days. In the diary they recorded the time they went to bed, the
time they tried to go to sleep, their time of final awakening,
their time out of bed, sleep onset latency, wake after sleep onset,
terminal wakefulness, number of awakenings, sleep quality (1
="very bad” to 10 =“very good”), and use of sleep medication.
From these variables, we calculated the time in bed (time in
bed=final arising time-time of going to bed), sleep time (total
sleep time=time in bed-sleep onset |atency—wake after sleep
onset—terminal  wakefulness), and dleep efficiency (sleep
efficiency=[total sleep time/timein bed]x100). Sleep efficiency
was the second primary measure in thistrial.

Process Measures

We measured motivation to use the app with the Situational
Motivation Scale[45] and acceptance of the app with the unified
theory of acceptance and use of technology [46]. The focus of
this paper is on the outcome measures, so we do not include the
results of the process measures.

Procedure

Participants gave online informed consent and filled out the
guestionnaire addressing the inclusion and exclusion criteria,
demographic information, and the outcome measures. The
participants who met the study criteria received a link to an
online sleep diary by email for 7 successive days. Emails for
the diary were sent at 6.00 AM, and areminder email was sent
at 10.00 AM. We excluded participantswho reported an average
total sleep time of <5 hours and then randomly assigned the
othersto either the app or the waitlist condition. Randomization
was carried out by athird party who was not part of this study.
They used an online tool [47] to generate blocks of 20
participants. The list of the randomization sequence was kept
in alocked office cupboard by thethird party. After participants
were assigned to a condition, participants and the principal
investigator (CH) were no longer blinded to the condition
allocation.

Then, 3 weeks after starting with the app or the waitlist
condition, all participants received an interim measurement
consisting of the S| and DBAS-16, supplemented with questions
regarding motivation (Situational Motivation Scale) and app
acceptance for the app group. These interim measures are not
reported in this paper. Both groups received a postintervention
guestionnaire, 7 weeks after random assignment, consisting of
all the outcome measures (1SI, PSQI, DBAS-16, CES-D, and
HADS) and a 7-day diary. In addition, participants in the app
group received questions regarding the effect and utility of the
app, which are not reported in this paper. After completing the
diary, participants in the waitlist condition received the app.
Participantsin the app condition additionally received a3-month
follow-up questionnaire and diary.

The study was approved by the internal Ethical Review Board
of the University of Amsterdam, and was registered with the
Netherlands Trial Register (NTR5560).
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Statistical Analysis

Required Statistical Power

To our knowledge, this study isthefirst large-scale randomized
controlled trial to study an app to treat chronic insomnia, so
expected effects were unknown. Earlier research about
Web-based CBT-1 found a Cohen d>1.0 [48,49]. We were
uncertain whether these large effects could also be obtained by
an app, so we anticipated an average effect. A power calculation

for amixed analysis of variance design (effect: >=0.15, power
80%, alpha=.05) indicated that a total of 90 participants were
needed to detect apotential difference between the 2 conditions.
As a meta-analysis showed that on average 50% of people
adhere to technology-mediated insomnia treatment [50], the
goal was set to include 180 participants.

Analyses

We tested the effects of the intervention using multilevel
analyses, which allows for the inclusion of participants with 1
measurement and therefore is appropriate for intention-to-treat
analyses [51]. Models were built in R version 3.1.3 (The R
Foundation) to explore within-group (time), between-group
(condition: app vs waitlist), and interaction (time x condition)
effects. Model O is the basic model and includes only the
participants asarandom intercept. Model 1 addsthefixed factor
time to model 0. Model 2 was built on model 1 and adds the
condition as afixed effect. Finally, model 3 addstheinteraction
effect between time and condition. Models 4 and 5 concern the
premeasurement and follow-up data. Model 4 isthe null model
that includes only the participants as a random intercept. In
model 5 time is added. Since there were no follow-up
measurementsfor thewaitlist, conditionisnot included. Dropout
analyses for the postmeasurements showed that age, sleep
quality, and terminal wakefulness were associated with
nonresponse in the app condition. In the waitlist condition,
number of awakenings was related to nonresponse. Dropout
analyses for the follow-up measurements showed that terminal
wakefulness was associated with nonresponse. Therefore, they
were added as covariates in al models in the multilevel
regression analyses [51]. We calculated chi-squares for the
various models to compare the ability of the models to fit the

data. Furthermore, we calculated R? valuesto indicate the level
of variance explained by the level-1 variables [52]. R? values
of .10indicate asmall effect, R°=.30 indicates amedium effect,
and R?=.50 indicates a large effect [53].

To enhance comparability with other studies, we calculated
between-group Cohen d values. Table 1 shows the means and
effect sizes based on an imputed dataset. First, we used multiple
imputationin IBM SPSSversion 22 (IBM Corporation) toinsert
missing cases[54]. Datafrom 41-44 participants (27.2%-29.1%)
were missing for the outcome questionnaires. Diaries were
missing from 76 of the 151 participants (50.3%). Thefollow-up
measurements were not imputed due to a large amount of
missing data. For imputation, we used the pre- and post
measures of the 1SI, PSQI, DBAS-16, CES-D, HADS, sleep
quality, sleep onset latency, wake after sleep onset, number of
awakenings, timein bed, terminal wakefulness, total sleeptime,
and deep efficiency, next to sex and age. With a predictive
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mean matching procedure, 10 separate datasets were generated.
The values in Table 1 are based on these imputed datasets.
Second, we calculated Cohen d values by dividing the difference
in change scores by the pooled standard deviation of that change
score (d:[meanchange score waitlist M€ Nchange score app] / SDpooIed)1
whereby meangange score=MEAN—MeAN,. We calculated
within-group Cohen d values using the pre- and post scores per
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condition and the pooled standard  deviation
(d=[mean, —mean,,]/SDpygeq). Additionally, we calculated
within-group Cohen d values with the pre- and foll ow-up scores
per condition and the pooled standard deviation
(d=[meanc—meanqiow-ypl/SPpooed) (TADIE 2). A Cohen d of
0.20 indicates a small effect, 0.50 a moderate effect, and 0.80
alarge effect [53].
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Table 1. Observed baseline and imputed posttest means and effect sizes.

Measure Group  Score, mean (SD) Cohend 95% ClI (change

Basdline Posttest Within group Between groups scores)

Questionnaire

152 wLb  164(33) 132(45) 080 -0.66 0,99 10-0.33°

App  164(31) 9.9 (4.9) 1.33

DBAS16° WL 52(13) 48(16) 024 -015 —0.47100.17
App  53(L3) 47 (1.4) 0.41
CES-D® WL 15.0(5.8) 15.5(9.5) -0.06 -0.94 —1.28t0 -0.61°

App  165(6.0) 11.0(56) 098

HADS WL 5.6(3.1) 62(38 015 -0.75 1,08 10 -0.42°
App  6.1(30) 41(25 081
PSQI WL 106 (2.8) 97(29) 032 -0.77 110 t0 —0.44°

App 11.0(2.8) 74(3.3) 1.09
Diary
Sleep efficiency WL 77.0(8.2) 78.3(7.6) -0.16 0.71 0.37 to 1.04°

App  776(7.3) 848(5.3) -1.37

Timein bed WL 500 (46) 513 (34) -0.32 -0.55 _88t0-0.22°
App 506 (44) 495 (31) 0.36

Total sleep time WL 386 (49) 401 (47) -0.32 0.24 -0.081t0 0.56
App 393 (52) 421 (37) —-0.74

Sleep onset WL 31(22) 30 (19) 0.06 -0.45 —0.77t0 -0.12°
App 33(20) 20 (12) 1.01

Waeke after sleep onset WL 44 (30) 44 (25) -0.02 -0.70 ~1.03t0-0.36°
App 45 (32) 24 (11) 1.79

Termina wakefulness WL 37 (20) 37 (15) 0.02 -0.26 -0.58 t0 0.07
App 35(22) 29 (13) 0.52

Number of awakenings WL 2.22 (1.14) 214 (1.08) 0.07 -0.38 _0.70to —0.05°

App  194(099)  146(114) 042
Sleep quality WL 293(052)  3.10(0.55) -0.33 0.29 ~0.0410 0.61
App  297(041)  3.33(054) 067

4 9l: Insomnia Severity Index.

BWL : waitlist condiition.

®The confidence interval does not contain zero, meaning the effect apparently exists.
9DBAS-16: brief Dysfunctional Beliefs and Attitudes about Sleep.

€CES-D: Centre for Epidemiological Studies Depression.

"HADS: Hospital Anxiety and Depression Scale.

9PSQI: Pittsburgh Sleep Quality Index.
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Table 2. Completers sample: baseline, posttest, and follow-up mean scores for the app condition and within-group effect sizes for the baseline (pre)

to follow-up measurements.

Measure Baselinescoremean  Posttest score Follow-up scoremean Cohend
(SD) mean (SD) (SD)

Questionnaire
1512 16.4(3.1) 9.8 (4.8) 10.0(5.3) 120
DBAS-16° 53(1.3) 47 (1.4) 4.3(18) 0.58
CES.DC 16.5 (6.0) 10.3 (5.3) 11.0(7.2) 0.75
HADSI 6.1(3.0) 4.0(2.4) 43(2.8) 0.67
PsQI® 11.0 (2.8) 7.6(3.0) 9.1(3.6) 0.53

Diary
Sleep efficiency 776 (7.3) 83.8(8.3) 83.8 (10.9) 057
Timein bed 506 (44) 496 (50) 483 (39) 0.57
Total sleep time 393 (52) 417 (62) 403 (57) -0.17
Sleep onset 33(20) 22 (14) 21 (15) 0.80
Wake after sleep onset 45 (32) 27 (21) 25 (24) 0.84
Terminal wakefulness 35(22) 31(22) 35(36) 0.13
Number of awakenings 1.94 (0.99) 1.58 (1.10) 1.75 (1.44) 0.01
Sleep quality 2.97 (0.41) 3.38(0.51) 3.41 (0.60) -0.74

8 SI: Insomnia Severity Index.

PDBAS-16: brief Dysfunctional Beliefs and Attitudes about Sleep.
CCES-D: Centre for Epidemiological Studies Depression.
9HADS: Hospital Anxiety and Depression Scale.

€PSQI: Pittshurgh Sleep Quality Index.

Results

Baseline Char acteristics of the Sample

We randomly assigned 151 participants to the app (n=74) or a
waitlist condition (n=79). Participants had a mean age of 39.66
years (SD 13.44; range 18-80). Of thetotal 151 participants, 94
were female (62.3%). Table 3 shows demographic information
about the participants, as well as the randomization check. At
baseline, the groups did not differ significantly on any
demographic characteristics (al P values >.05).

Efficacy: Intention-to-Treat Analyses

Table 1 displays the mean scores for al the outcome measures
and corresponding Cohen d values for the baseline and
postmeasurements. Table 2 displays the mean scores for the
follow-up measures. Figure 4 depicts the scores for the main
outcome measures | Sl and sleep efficiency. Table 4 and Table
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5 present the results of the multilevel analyses. Table 4 shows
the coefficients for model 3 and their standard errors, and
whether the coefficientswere significant. Table 5 showswhether

there was a significant difference between the models (x2) and

the level of variance explained (R?). The multilevel analyses
showed significant interaction effects between time and
condition on the primary outcome measures | SI (d=—0.66) and
deep efficiency (d=0.71) at posttest. These effectsindicate that
the app was more effective than the waitlist condition.
Furthermore, wake after sleep onset, number of awakenings,
PSQI, CES-D, and HADS improved and showed significant
interaction effects (Table 4 and Table 5), but sleep onset latency,
time in bed, termina wakefulness, total sleep time, and
DBAS-16 showed no significant effects at posttest. At
follow-up, improvements on al outcome measures remained
significant, except for number of awakenings.
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Table 3. Demographic characteristics of participantsin the Sleepcare mobile phone app and waitlist control conditions (n=151).
Characteristics Group Statistic P value
Waitlist (n=74) App (n=79)
Agein years, mean (SD) 41 (13.9) 39(13.0) t149=1.02 31
Sex, n (%) x?1=0.13 -2
Female 49 (64) 45 (61)
Male 28 (36) 29 (39)
Living together, n (%) x21=0.26 61
Yes 49 (64) 50 (68)
No 28 (36) 24 (32)
Employed, n (%) x21=0.65 42
Yes 56 (73) 58 (78)
No 21(27) 16 (22)
Educational level, n (%) x23=1.10 -8
Lower general secondary education 7(9 4(5)
Higher general secondary education 10 (13) 9(12)
Community college 11(14) 9(12
University 49 (64) 52 (70)
Duration of insomniain years, n (%) X%4=5.40 25
<1 8(10) 9(12)
1-5 38 (49) 27 (36)
>5-10 10 (13) 13(18)
>10 12 (16) 20 (27)
Unclear answer 9(12) 5(7)
Insomnia dueto a physical condition, n (%) X21:0_20 .66
Yes 9(12 7(9)
No 68 (88) 67 (91)
Used sleep medication, n (%) X*1=2.67 10
Yes 3(4) 8(11
No 74 (96) 66 (89)
Prescribed sleep medication, n (%) x?1=0.92 .35
Yes 3(100) 6 (75)
No 0(0) 2(29)
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Table 4. Multilevel analysis results of the diary and questionnaire variables for model 3: coefficients, standard errors, and P values®.

Variables Intercept Time Condition Interaction

Diary variables

Sleep efficiency
B 77.38 197 -0.24 5.34
SE 0.78 0.99 111 155
P value <.001 .05 .83 .001

Sleep onset latency

B 32.75 -3.59 0.12 —7.86
SE 247 2.63 3.52 4.16
P value <.001 .18 .97 .06

Wake after sleep onset

B 42.87 -3.74 3.17 —22.42
SE 2.99 3.79 4.27 5.97
Pvaue <.001 .33 46 <.001

Number of awakenings

B 2.20 -0.17 -0.11 -0.48

SE 0.13 0.14 0.19 0.22

P value <.001 21 .55 .03
Timein bed

B 499.74 9.75 5.46 -16.07

SE 5.02 522 7.16 8.28

P value <.001 .07 45 .06

Terminal wakefulness

B 36.93 —0.44 -1.50 -3.23

SE 2.35 324 3.35 5.08

P value <.001 .89 .65 .53
Total sleep time

B 387.6 18.6 2.76 14.9

SE 5.53 6.18 7.89 9.77

P value <.001 .004 .73 A3

Questionnaire variables

Insomnia Severity I ndex

B 16.26 -3.04 0.20 -3.53

SE 0.44 0.53 0.63 0.79

P vaue <.001 <.001 75 <.001
Pittsburgh Sleep Quality Index

B 10.50 -0.97 0.56 —2.52

SE 0.33 0.36 0.47 0.54

P vaue <.001 .008 .23 <.001
Dysfunctional Beliefs and Attitudes about Sleep

B 517 -0.34 0.18 -0.31

SE 0.16 0.15 0.22 0.23

P vaue <.001 .03 41 18
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Variables Intercept Time Condition Interaction

Centre of Epidemiological Studies Depression scale

B 14.95 0.66 154 -6.58
SE 0.79 0.93 112 1.40
Pvaue <.001 48 17 <.001

Hospital Anxiety and Depression Scale

B 5.69 0.41 0.38 -2.36
SE 0.35 0.43 0.50 0.65
Pvaue <.001 .35 45 <.001

8The covariates are not reported in this table.
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Table5. Multilevel analysis results of the diary and questionnaire variables: model comparisons®

Horsch et d

Variables Models
Ovsl lvs2 2vs3 Ovs3 4vs5
Diary variables
Sleep efficiency
XZ 1 23.23 153 11.54 36.30 18.66
R?2 .07 .01 .03 A1 .04
P value <.001 22 <.001 <.001 <.001
Sleep onset latency
X21 9.83 0.39 357 13.79 12.21
R?2 .02 .00 .01 .03 .01
P value .002 .53 .06 .003 <.001
Wake after sleep onset
X2 3 14.82 0.62 13.29 28.73 11.99
R?2 .05 .00 .03 .08 .02
P value <.001 43 <.001 <.001 <.001
Number of awakenings
X21 9.28 1.89 4.63 15.81 3.59
R?2 .00 .01 .01 .02 .00
P value .002 17 .03 .001 .06
Timein bed
X2l 0.69 0.03 3.82 454 5.38
R2 .00 .00 01 02 01
P value 41 .85 .05 21 .02
Terminal wakefulness
X2 1 041 0.65 041 1.46 0.85
R2 .00 .01 .00 .01 .00
P value 52 42 .52 .69 .36
Total leep time
X2l 2345 0.85 2.35 26.66 4.35
R2 .07 .00 .00 .08 .00
P value <.001 .36 A3 <.001 .04
Questionnaire variables
Insomnia Severity I ndex
X2 1 86.00 4.65 19.07 109.73 66.02
R?2 25 .02 .05 31 .30
P value <.001 .03 <.001 <.001 <.001
Pittsburgh Sleep Quality Index
X2 1 43.05 0.91 20.65 64.61 9.28
R?2 A1 .01 .05 15 .04
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Variables Models
Ovsl lvs2 2vs3 Ovs3 4vs5

P value <.001 .34 <.001 <.001 .002
Dysfunctional Beliefs and Attitudes about Sleep

X21 16.32 0.12 1.86 18.31 11.65

R2 .02 .00 .00 .02 .05

P value <.001 .07 A7 <.001 <.001
Centre of Epidemiological Studies Depression scale

X2 1 8.34 0.96 20.67 29.97 18.66

R2 .02 .01 .05 .08 .08

P value .004 .33 <.001 <.001 <.001
Hospital Anxiety and Depression Scale

X2 1 3.17 1.49 12.75 17.41 10.03

R?2 .01 .01 .04 .06 .03

P value .07 22 <.001 <.001 .002

#The covariates are not reported in this table.

Among the participants who completed the pre- and posttest,
we found a clinically meaningful change on the ISl (AlSI=8)
[40] between the waitlist and the app conditions. We also
observed a significant clinically meaningful change 20 times
in the app condition (20/45, 44%) and 7 times in the waitlist
condition (7/62, 11%) at the posttest. In the app condition,
significantly more people reached ameaningful clinical change

(x?,=15.19, P<.001). Before treatment, all participants had an

ISl score >7 [26]. Of the participants who completed the
posttest, 17 in the app condition (17/45, 38%) and 6 in the
waitlist condition (6/62, 10%) had an I1SI score <7. In the app
condition, significantly more participants dropped below the
insomnia threshold of ISl <7 than in the waitlist condition

(x?,=12.20, P<.001). At follow-up, 7 of the 29 participants had
an ISl score <7 (7/29, 24%).

Figure 4. Completers sample: Insomnia Severity Index (1SI) scores and sleep efficiency of the Sleepcare mobile phone app group compared with the
waitlist (WL) control group at baseline, posttest, and 3-month follow-up. Error bars represent standard error.
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Treatment Adherence

We divided treatment adherence into 4 components objectively
measured by the app: (1) the number of dleep diariesfilled out,
(2) the number of relaxation exercises performed, (3) the number
of conversations completed, and (4) the deviation between real
time in bed and agreed-upon time in bed (Table 6). Only 2 of
the 74 participants did not download the app. Furthermore, the
adherence data showed different adherence patterns (see
Multimedia Appendix 3). Most participants (n=35) filled out
>35 diaries, 13 participants filled out <7 diaries, and the other
24 participantsfilled out between 7 and 35 diaries. This pattern
follows a U-shaped curve. For the relaxation exercise, another
pattern can be distinguished. More than half of the participants
(n=41) performed a maximum of 7 relaxation exercises, of
whom 11 participants did not do any relaxation exercisesat all;

Horsch et d

7 participants did >35 rel axation exercises. For the conversations
the opposite was true: most participants (n=47) finished =90%
of the conversations. Only a few participants (n=4) finished
<10% of the conversations. A total of 38 participants started
and committed to the sleep restriction exercise, meaning that
they came to an agreement with the coach about their timein
bed. Participants could stay in bed for longer or for less time
than the agreement, and both situations occurred. Of these 38
participants, 32 stayed in bed for longer than agreed on for most
of the nights involving sleep restriction. When participants
stayedinbed toolong it wasby 67 minutes on average (SD 45);
when they shortened their time in bed it was by 42 minutes on
average (SD 29). Of the 38 participants, 26 (68%) were adherent,
meaning that their time in bed deviated by an average of <60
minutes from the agreed-upon time in bed.

Table 6. Treatment adherence among 72 of 74 participants who downloaded the Sleepcare app.

Adherence component Participantswho  Proportion of the component Range Participants
performed the completed, mean (SD) with adequate
component, n dose, n (%)?

Number of diariesfilled out 72 29.1 (16.4) times/49 (59%) 0-48 times 35/72 (49%)

Number of relaxation exercises performed 72 10.8 (12.0) times/49 (22%) 0-45 times 7172 (10%)

Number of completed conversationsin the training 72 83% (27%) 0%-100% 47/72 (65)

Deviation from sleep restriction in minutes 38 59.2 (46.4) minutes 9-285 minutes 26/38 (68)

8Adequate dose: diaries >35, relaxation exercises >35, deviation from sleep restriction <60 minutes, conversations >90%.

Discussion

In this large-scale randomized controlled trial, we investigated
the efficacy of CBT-1 delivered via a mobile phone app. The
results show that the app had moderate significant effects than
in a waitlist on the primary measures of insomnia severity
(d=—-0.66, 95% Cl —0.99 t0 —0.33) and sleep efficiency (d=0.71,
95% CI 0.37-1.04). The following secondary measures also
improved compared with the waitlist: wake after sleep onset,
number of awakenings, PSQI, depression, and anxiety. Other
measures, such astimein bed, total deep time, and dysfunctiona
beliefs about sleep did not show significant improvements,
which could be explained by the exercises included in the
treatment. The focus on modified sleep restriction in the app
could explain the lack of improvement in time in bed and total
deep time, since sleep restriction aims at increasing sleep
efficiency, starting by decreasing time in bed and thereby also
influencing total sleep time. In addition, the app did not contain
a cognitive exercise, which could explain why we found no
differencein thedysfunctiona beliefsabout sleep. Nevertheless,
at posttest, 44% of the participants in the app condition had
achieved a clinically meaningful change compared with 11%
in the waitlist condition. The improvements were largely
sustained at the 3-month follow-up. The observed effects on
the primary measures are similar to those reported in a recent
meta-analysison seep efficiency (Hedge g=0.58) and somewhat
lower (but in the same range) than those reported for insomnia
severity (Hedge g=1.09) [16]. Note that the meta-analysis was
based on studies with various levels of human involvement,
ranging from no human support to personal contact as part of
the intervention. Earlier research indicated that human support

http://www.jmir.org/2017/4/e70/

increases efficacy [55]. However, the effect sizes in our study
were achieved without any form of human support.

Regarding automated support, this study most closely resembles
the trials by Espie and colleagues [48] and Ritterband and
colleagues [56], which both offered automated Web-based
CBT-I. These Web-based treatments packaged the full scope
of CBT-1 and demonstrated |large effects. Espie and colleagues
found a Cohen d of 0.95 for sleep efficiency. Ritterband and
colleagues found a Cohen d of 1.26 for insomnia severity and
0.68 for sleep efficiency. Again, the observed effect sizesin our
study were more or less in the same range as these published
results, and our effectswere achieved without including thefull
CBT-I package (eg, we did not include cognitive therapy and
stimulus control). The app concentrated on sleep restriction,
and as a result the effects for deep efficiency are more
pronounced than those for insomnia severity. Thefocuson sleep
restriction may also explain the absence of an effect on total
sleep time.

Zachariae and colleagues[16] found in their meta-analysisthat
58.7% to 100% of the participants in the CCBT-I conditions
completed postintervention assessments, with an average of
75.3%. In our study, 61% of the participantsin the app condition
completed postintervention assessment questionnaires, while
81% of the participants in the waitlist condition did so. This
difference can probably be explained by the fact that the
participants in the waitlist received the app only after they had
filled out the postintervention assessment. However, the number
of participants filling out assessments may not necessarily
correspond to the number of participants who complete
interventions. Therefore, we also report treatment adherence

JMed Internet Res 2017 | vol. 19 | iss. 4 [e70 | p.61
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

numbers and adequate doses. Previoudly, Espie and colleagues
[48] found that 88% of their participants received an adequate
dose (>4 sessions). Lancee and colleagues [55] found that 83%
received an adequate dose of the modules in the support
condition, and 60% in the no-support condition. In our trial,
adherence was measured for the different components, with
adherence rates ranging from 10% to 68%. Apart from the
relaxation exercise adherence (where only 10% of the
participants received an adequate dose), the other adherence
rates are comparable with the 60% found by Lancee and
colleagues [55] in their no-support condition.

In general, there exists apositive rel ationship between treatment
adherence and treatment outcome [50]. This relationship
suggests that this trial could have been more successful if
relaxation adherence rateswould have been higher, for example.
Relaxation exercises have been noted as an effective treatment
as part of multicomponent treatment [36]. Therefore, itislikely
that higher adherence rates to the relaxation exercise would
have improved the overall efficacy of the app. However,
relaxation exercises as stand-alone treatment were inferior to
other CBT-l exercises, such as stimulus control and sleep
restriction [12]. So, as in al multicomponent treatments, it
remains unclear how adherence to specific components affected
the overall efficacy of the app. In this trial, overall adherence
rates were adequate, but there was also a considerable number
of people who did not start the modified sleep restriction
exerciseat all. Beforehand, we decided that it was better to keep
people in no or a suboptimal sleep restricting schedule rather
than letting them drop out of the treatment altogether. A possible
risk of suboptimal treatments could bethat people may not seek
further help after a less-successful treatment. However, thisis
a general health care risk, which is not typical for eHealth or
self-help interventions. Nevertheless, the optimal tradeoff
between individual autonomy and strictness in mobile phone
app regimens has yet to be determined in future studies.

Limitations and Future Work

Thisstudy hasanumber of limitationsthat should be considered
in relation to the findings. Since the goal of the study was to
demonstrate the efficacy of the app first in a group with
insomnia disorder but without too much sleep impairment, we
used an | Sl score of >7, meaning that we excluded people who
slept <5 hours as measured by a sleep diary. This exclusion
criterion may have led to a floor effect and the inclusion of
participants with relatively little room for improvement.
Although it is hard to compare studies because of different
inclusion criteria, it seems that Espie and colleagues [48] only
included participants with more severeinsomnia (baseline sleep
efficiency of 55%—65%). It may be possible to achieve larger
effects in samples with higher levels of symptoms. However,
it remains the case that the efficacy of our mobile phone app
has not yet been demonstrated in asample with severeinsomnia.
Because this was one of the first times a stand-alone app has
been used to deliver CBT-1, we also excluded participants with
comorbidities such as depression. Thisand theissues mentioned
above limit the generalizability of our results, especialy given
the high comorbidity of depression and insomnia. Now that the
app has provenitsefficacy inarelatively mildly affected sample,
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future research could expand the inclusion criteria (eg, severe
insomnia, depression) to study the efficacy of a CBT-I app in
amore severely affected population.

A methodological limitation was that no other Web-based or
face-to-face treatment group wasincluded. Several other studies
have aready demonstrated the efficacy of CCBT-1 and CBT-I
programs. However, a similar Web-based condition could
provide insight into the added value of a mobile app. Another
related limitation is that there was no placebo control group. It
may very well be that nonspecific factors played arole in the
treatment effects of the app. Other methodological limitations
were that this study used self-report measures, and
polysomnography would be needed to confirm the objective
changes in sleep. Furthermore, the participants in this study
wereaself-sel ected sample and may have been an unusua group
of people who wereinterested in solving their sleep difficulties
with self-help. A high percentage of the sample consisted of
university-educated participants, who represent only a part of
society.

Another limitation wasthat the app focused on sleep restriction
and relaxation. Future work should include more of the other
CBT-I components, such as cognitive exercises, and evaluate
those. Mobile phone apps provide uswith the unique opportunity
to study the separate components of CBT-1 in a controlled way.
Future research could focus on studying the separate
components, so that more insight can be gained into the
individual efficacy of these CBT-I components. In addition,
future research should compare the efficacy of the classical
sleep restriction versus the modified sleep restriction exercise.

Lastly, there were some technical issues during the randomized
controlled trial that made it impossible for some participantsto
continue to the next conversation. The occurrence of this
problem was monitored and solved when needed. In these cases,
a new conversation was manually planned in the database for
a specific participant, and an email with instructions to update
the app was sent to that participant.

Conclusion

We are confident that this study has produced insights into the
domain of automated e-coaching appsfor insomnia. These apps
provide an opportunity to investigate separate treatment
components while minimizing the influence of nonspecific
therapist factors such as therapeutic aliance. Keeping the
limitations in mind, this study demonstrated the efficacy of a
mobile phone app in the treatment of insomnia. These effects
were clinically meaningful and in the range of what is found
for Web-based treatment in general. This supports the
applicability of these kinds of technical tools in the treatment
of insomnia. Through these apps, many more people can be
offered effective insomnia treatment with probable reduced
costs. We are confident that mobile phone apps will prove to
be useful in the realm of prevention treatments; it remains to
be determined how they should best be offered: in astand-alone
format for (prevention) treatment, or within a blended care
framework where the sleep speciaist uses an app to improve
and accel erate insomnia treatment.
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Abstract

Background: People with chronic obstructive pulmonary disease (PwCOPD) often experience breathlessness and fatigue,
making physical activity challenging. Although many persuasive technologies (such as mobile phone apps) have been designed
to support physical activity among members of the general population, current technol ogies aimed at PwCOPD are underdevel oped
and only use alimited range of persuasive technology design principles.

Objective: Theaim of this study wasto explore how acceptable different persuasive technology design principleswere considered
to be in supporting and encouraging physical activity among PwCOPD.

Methods: Three prototypes for mobile apps using different persuasive technology design principles as defined by the persuasive
systems design (PSD) model—namely, dialogue support, primary task support, and social support—were developed. Opinions
of these prototypeswere explored through 28 interviewswith PwCOPD, carers, and the health care professionals (HCPs) involved
in their care and questionnaires completed by 87 PwCOPD. Participants also ranked how likely individual techniques (eg,
competition) would be to convince them to use a technology designed to support physical activity. Data were analyzed using
framework analysis, Friedman tests, and Wil coxon signed rank tests and a convergent mixed methods design was used to integrate
findings.

Results: The prototypes for mobile apps were received positively by participants. The prototype that used a dialogue support
approach wasidentified asthe most likely to be used or recommended by thoseinterviewed, and was perceived as more persuasive
than both of the other prototypes (Z=—3.06, P=.002; Z=-5.50, P<.001) by those who completed the questionnaire. PwCOPD
identified dialogue support and primary task support techniques as more likely to convince them to use a technology than social
support techniques (Z=-5.00, P<.001; Z=—4.92, P<.001, respectively). Opinions of social support techniques such ascompetition
and collaboration were divided.

Conclusions: Diaogue support and primary task support approaches are considered to be both acceptable and likely to be
persuasive by PWCOPD, carers, and HCPs. In thefuture, these approaches should be considered when designing apps to encourage
physical activity by PwCOPD.
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Introduction

The term “persuasive technology” describes “any interactive
computing system designed to change people's attitudes and
behaviors’ (p.1; [1]). There are estimated to be over 40,000
mobile phone apps that aim to persuade users to change health
behaviors such as physical activity, diet, and smoking [2].
However, despite a rising number of publications in the area
[3], content analysis of existing apps reveal that they currently
make little use of theories on behavior change or persuasive
technology and include little evidence-based content [4-8]. As
a conseguence, there have been multiple calls for people to
make better use of theory and evidence when designing apps
intended to promote behavior change [9-11].

The persuasive systems design (PSD) model was developed to
provide aframework for the design and evaluation of persuasive
technologies [12]. Expanding on Fogg's (2003)
conceptualization of persuasive technology [1], Oinas-Kukkonen

and Harjumaa (2009) identified 28 techniques that can be used
to design persuasive systems. These are organized into four
persuasive design principles, or approaches, to persuasion: (1)
techniques that help the user to carry out the target behavior
(termed primary task support), (2) techniquesthat motivate the
user through feedback and interaction with the technology
(termed dialogue support), (3) techniques that leverage social
influence (termed social support), and finaly, (4) techniques
that make the system appear credible to the user (termed
credibility support) [12]. Table 1 provides examples of
techniques associated with each of these design principles. Initial
evidence suggests that including dialogue support techniques
in technol ogy-based interventions may increase adherence [13],
the extent to which theintervention is perceived to be persuasive
and, through increasing people's motivation to use the
intervention, effect actual use of the persuasive system [14].
Despite this evidence, however, theoretical approaches to
designing the interactive elements of persuasive technologies
remain underused [13,15].

Table 1. Examples of persuasive technology techniques by design principle [12].

Design principle

Example persuasive technology technique Description

A system that reduces complex behavior into simple tasks hel ps users perform

the target behavior, and may increase the cost-benefit ratio of a behavior.

If asystem adoptsasocial role, userswill be morelikely to useit for persuasive

purposes.

Primary task support  Reduction
Dialogue support Socia role
Social support Competition

A system can motivate usersto adopt atarget attitude or behavior by leveraging

human beings' natural drive to compete.

Credibility support Trustworthiness

A systemthat isviewed astrustworthy will haveincreased powers of persuasion

Increasing Physical Activity in PwCOPD

Chronic obstructive pulmonary disease (COPD) isan umbrella
term for anumber of lung diseases such as chronic emphysema
and chronic bronchitis. In 2013, COPD was the third most
common cause of death inthe United States[16], and the World
Health Organization estimates that by 2030 it may become the
third most common cause of death worldwide[17]. On average,
each year, treating COPD typically costs the US health care
system US $30 hillion and the UK National Health Service
(NHS) around £800 million [16-18]. PWCOPD experience
symptoms such as breathl essness on exertion, muscle weakness,
increased sputum production, and a chronic cough. In the
short-term, these symptoms can reduce people's ability to
complete daily activities and reduce quality of life[19] and, in
the long-term, these symptoms can lead to hospitalization and
respiratory failure[20]. PwCOPD can enter anegative cycle as
their symptoms make it harder to remain active, and the less
active they are, the worse their symptoms become [21,22].
Indeed, evidence suggests that physical inactivity is associated
with higher numbers of hospital admissions, exacerbations, and
mortality in PwCOPD [23-25]. Currently, it is recommended
that stable COPD is managed with acombination of medications

http://www.jmir.org/2017/4/e124/

and pulmonary rehabilitation (PR) [26,27]. PR has been shown
toincrease peopl€e's capacity for exercise and their health-related
quality of life [28]. However, studies have suggested that
completing a course of PR does not necessarily increase levels
of physical activity [29,30]. Thisfinding suggeststhat although
structured rehabilitation can increase the ability to perform
physical activity, additional support may be needed to integrate
physical activity into everyday life. Walking is alow-intensity,
free physical activity that does not require specialist equipment
or tuition. Regular walking after PR has been associated with
higher quality of life and health-related quality of life [31], and
increases in distance walked daily and daily step count have
been found to predict fewer acute exacerbationsin people with
COPD [32,33]. Encouraging daily walking could therefore be
an effective way to help increase physical activity in everyday
life.

Using Technology to Support Physical Activity in
PwCOPD

Previous research on how technology can be used to support
physical activity in PwCOPD has explored how both Internet
and mobile phone-based technol ogies can encourage and support
physical activity among PwCOPD, either alone or in conjunction
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with counseling [34-36]. The findings indicate that
technology-based interventions are usually acceptable to
PwCOPD and, athough the studiesthusfar are mostly feasibility
and pilot studies, early findings suggest that technol ogy-based
interventions have the potential to increase levels of physical
activity in this population [36,37]. Indeed, to date, randomized
trials have shown improvements in physical activity up to 3
months[38] and daily step count up to 4 months[39]. However,
it should be noted that, in the latter study, engagement with the
intervention had decreased by 12 months, and daily step count
was not significantly different from baseline at this point [39].

An additional problem (which may contribute to the limited
efficacy) isthat, to date, interventions have tended to rely on a
relatively small pool of techniques for promoting changes in
behavior, namely, self-monitoring, providing feedback,
motivational suggestions, and goal-setting [34-39]. Asaresult,
it is not currently known how acceptable a wider range of
persuasive technology techniques would be and what design
principleswould be most attractive and persuasive to PwCOPD,
their carers, and the health care professionals (HCPs) involved
in their care.

Aims

This research therefore sought to explore how acceptable and
persuasive technologies following different persuasive design
principles are in increasing physical activity through
encouraging daily walking among people with chronic
obstructive pulmonary disease (PwCOPD). Our aim was to
inform the choice of design principles and specific persuasive
techniques in the design of an app that could be used to
encourage physical activity in this population. To achieve this,
we designed three prototype apps and used them to investigate
the following research questions:

RQ1: What are the opinionsand preferences of PwWCOPD, their
carers, and HCPs involved in their care toward systems using
different persuasive technology approaches?

RQ2: Which individual techniques, or design principles, are
perceived to be most persuasive?

Methods

Design

A convergent mixed methods design was used to assess the
opinions and preferences of PwCOPD, carers, and HCPstoward
persuasive technology [40]. Ethical approval for the study was
granted by the ethics committee at the University of Sheffield
and permission to recruit was granted by both the NHS (for
HCPs) and the British Lung Foundation.

Participant Recruitment

Participants for the interviews were recruited through four
British Lung Foundation Breathe Easy support groupsin South
Yorkshire (PwCOPD and carers) and from an NHS service
specidizing in care for PwCOPD (HCPs). Following approval
from the moderators of the groups and a manager at the NHS
service, potential participantswere given information about the
project. Anyone who was interested then contacted the
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researchers to participate. All participants provided informed
consent.

A second sample of PwCOPD was invited to complete a
guestionnaire, either through awebsite or by post. A letter was
sent to 140 Breathe Easy support groups (excluding those in
South Yorkshire), which contained a link for Web-based
completion and a number to call if participants preferred to
receive a paper copy of the questionnaire. In addition, 34
moderators of online support groups for PwCOPD were
contacted and 6 agreed to post a link to the questionnaire on
their websites. All participants provided either written or
electronic consent and no incentives were provided for
participation.

Materials

Prototypes

Three “medium-fidelity” prototypes were created to show how
the screens within each system might look and to describe how
users might navigate through the system. Medium-fidelity
prototypes present the layout and content of each screen as it
would look; not asketch, aswould be expected for alow-fidelity
prototype; however, also they are not interactive, as would be
expected for ahigh-fidelity prototype [41]. Navigation through
the screens was shown with an arrow indicating which button
should be pressed to move to the next screen. The prototypes
were presented on a screen or the screenshots were presented
on paper. Each prototype focused on a different persuasive
technology design principle as delineated by the PSD model:
dialogue support, primary task support, and socia support. It
was decided not to develop a prototype describing credibility
support as the research was being conducted through a
University and thismay haveinferred some credibility. It would
therefore be difficult to know whether to attribute credibility to
the persuasive technol ogy technique or techniques or the context
of the research. Each prototype used the same behavior change
techni ques associated with control theory [42]; namely, prompt
intention formation, prompt specific goa setting, prompt
self-monitoring of behavior, receive feedback, and prompt
review of behavior [42,43]. All prototypes were designed to
monitor adaily walk, in addition, certain persuasive technology
techniques were present in all three prototypes such as
self-monitoring, tailoring, and reduction [12]. The prototypes
were further informed by looking at the most popular physical
activity appsavailablefor Android, iPhone, and Windows phone
at the time of development to see how techniques were
operationalized in popular apps designed to promote physical
activity. The look and fed of the prototypes was standardized
as far as possible, with each using the same font, font sizes,
button design, and color scheme.

Prototype 1: Virtual Coach System

This prototype used a dialogue support approach that was
designed to encourage interaction between the user and the
system. In this prototype, the virtual coach represented by a
static picture, used the name of the user (“ Joyce”) to personalize
the system and encourage interaction by taking a social role.
The coach led the user through progressive goals. Although
therewasthe option to change the goal s, suggestions were made
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by the coach. The user could then choose to receive reminders
to completethe activity (see Figure 1). The prototype explained
that, while the user is walking, they would have the option to
receive audio encouragement from the coach (in the form of
recorded messagestelling the user how many minutesthey have

Bartlett et a

been walking, or when they are halfway to their goal). Feedback
would be presented as a graph, accompanied by praise and
encouragement from the virtual coach. The prototype aso
outlined asuggested exercise plan with daily walking goalsthat
increased to reach an overal goal (walking for 30 minutes).

Figure 1. Screenshots from the virtual coach prototype showing the homepage and a reminder.

Home screen

Hi loyoe, whet do you want todo oday?

S tgo B ey

Prototype 2: Music and M aps System

This prototype used a primary task support approach that was
intended to help the user to achieve their daily walking goal.
The prototype was based on the format used by many of the
existing apps designed to promote physical activity. In this
prototype, participants could see that the user could set goals

and track their activity using their mobile phone. It was
explained that, while walking, the user could choose music to
listen to. Following the walk, feedback would be offered on a
satellite map, asasummary table, or on acaendar (with activity
levels shown for each day). It was further explained that local
exercise facilities would be highlighted on the map (see Figure
2).

Figure 2. Screenshots from the music and maps prototype showing the map feedback and playing music.

Map of local facilities

Sheps Total Timee  Active Time
528  00:04:56 00:03:45
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Prototype 3: Online Community System

This prototype used a social support approach and was based
on the idea of building a community of like-minded users to
support increases in physical activity (see Figure 3). The
prototype described how the app would provide a mechanism
for computer-mediated communication between peers, while
encouraging interaction through competitions and collaborations.

Bartlett et al

The prototype showed that users could track their activity using
amobile phone, and share information with other users. It was
explained that points would be given when users achieved their
goals (the details of the goal completed would not be shared)
and that there was the potential for users to earn both virtual
(stars or trophies on their profile) and “real-world” rewards
(either through vouchers or donating money to charity).

Figure 3. Screenshots from the online community prototype showing the community space and competition graph.
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Interview Guide and Questionnaire

Both the questionnaire and the interview schedule followed the
same basic structure. PwCOPD were first asked background
questions related to COPD and their current level of physical
activity. All participants were asked about their use of
technology and whether they had any previous experience with
persuasive technology. This was followed by a presentation of
each of the three prototypes with an explanation to describe
how the user might navigate through the system, following
which participants opinions were sought before the next
prototype was presented. Once participants had expressed their
opinions on all three prototypes, their overall opinion of using
persuasive technol ogy to support and encourage physical activity
within PwCOPD, and preferences for specific prototypes as
well as techniques and features within the prototypes, were
sought.

The interview was piloted with a person with COPD. As this
participant reported no problemsin understanding theinterview
material, and the timing was appropriate, it was decided to
include the data from this participant within the main analysis.
The Web-based questionnaire was piloted to ensure that all of
the branch questions were working effectively, and that the
prototypeswere displayed appropriately. A paper version of the
guestionnaire was piloted with 4 people aged 31-60 years in
order to test whether the branch questions were clear, and to
establish how long it typically took people to complete the
guestionnaire. Time taken ranged from 15 to 30 minutes. No
problems were reported with the branch questions. However,
we did reverse the items identified as negative items in the
measures section (so ahigh scorewould indicate amore positive
response) and correct an error in the information section. As
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those who piloted the questionnaire did not have COPD, their
data were not used in the analysis.

Questionnaire Measures
The questionnaire was divided into four sections:

Section 1 “Questions about you” included questions about
demographics (eg, age and gender), how long the participant
had been diagnosed with COPD, and the Medical Research
Council (MRC) breathlessness scale [44,45] which comprises
5 statements that ask participants to grade their current
experience of breathlessness from “Not troubled by
breathl essness except on strenuous exercise” (MRC grade 1) to
“Too breathless to leave the house or breathless when dressing
or undressing” (MRC grade 5).

Section 2, “ Questions about physical activity” asked participants
to estimate the number of minutes per week that they engaged
in light, moderate, and vigorous intensity activity (definitions
were provided of each of these, based on the information in
[46]).

Section 3, “ Questions about technology” was developed for this
study and included questions related to computer and mobile
phone ownership and use. Participants were also asked if they
had “heard of or seen,” “ever used,” “still use” or “would
consider using” “any technology (ie, on the computer, on the
Internet, or mobile phone) that is designed to try and help change
people's behaviors, for example, increasing exercise,
encouraging healthy eating, or stopping smoking.”

Finally, Section 4 assessed participants opinion of each
prototype using 8 items, of which 4 itemswere translated from
the perceived persuasiveness measure [14]; that is, participants
were asked how much they agreed that each prototype “was
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interesting,” “would have an influence on me,” “is personally
relevant to me” and “makes me think about my physical
activity.” An additional 4 items were added to assess the extent
to which participants expected to enjoy using the technology
(“1 would not enjoy using this system” [negative item]) and
how effective they thought it might be (“1 think the system
would be useful inincreasing my physical activity,” “If | wanted
to increased my activity levels, | would not use this system”
[negative item], and “this system makes me want to increase
my physical activity”). All theitemswere answered on a 7-point
Likert scale from “strongly agree” to “strongly disagree,” and
the negative items identified above were reverse-scored, and
thus a higher score indicates a more positive response.
Reliability across the 8 items was assessed using Cronbach
alphaand wasfound to be high for each prototype (virtua coach,
Cronbach alpha=.93; music and maps, Cronbach alpha=.93;
and online community, Cronbach alpha=.95) [47]. Therefore,
the 8 items were summed to create a single scale score
representing how persuasive each prototype was deemed to be.
Participants were also given afull list of the features acrossthe
prototypes and asked to rank the top five that they believed
might convince them to use the technology and also to indicate
with an “x” any features that would definitely not convince
them to use the technology.

Intheinterview, preferenceswere elicited by asking participants
to identify which prototype they would use (or recommend to
others in the case of HCPs). To allow comparison with the
guestionnaire data, these responses were coded [48] such that
if aclear choice was made, then the prototype or feedback screen
was given a score of 1; whereas, if a participant reported that
they would choose a combination of two prototypes or that two
were equally favored, each was given a score of 0.5.

Data Analysis

Framework analysis[49] was used to analyze theinterview data
in Nvivo 9 (QSR International Pty Ltd). The questionnaire data
were analyzed with SPSS 17.0 (SPSS Inc). Preferences for
features were calculated using the ranked score given to the
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individual techniques (recoded such that a ranking of 1 gave
the highest score). Individual techniqueswere grouped according
to the PSD (primary task support, dialogue support, or social
support) [12] and the Friedman and Wilcoxon signed rank test
were used to identify differences in ranking between the
principles.

The datafrom the interviews and questionnaires were analyzed
separately, and then an integration matrix was designed to
compare the two strands of data [40,48,50,51]. The integrated
findings are presented under thematic headings in Results
section below.

Results

Sample Characteristics

Table 2 describes the characteristics of the sample. In total, 23
interviews were conducted; 11 with PwCOPD on their own, 5
with PwCOPD and their carers, and 7 with HCPs (providing a
total N of 28). Questionnaires were returned by 121 PwCOPD;
however, 34 were excluded due to missing data. The analyses
reported below are therefore based on those who rated how
persuasive PwCOPD found each prototype (n=87). Mild COPD
was underrepresented in both samples. The modal MRC
breathlessness grade reported by PwCOPD who completed the
guestionnaire was 4, and 69% (11/16) of PwCOPD who were
interviewed reported needing help when walking outside.

Most of the participants who were interviewed had a mobile
phone (although some rarely used it). However, very few of
these participants had ever heard of or used any form of
persuasive technology. The participants who responded to the
guestionnaire seemed to be more familiar with technology, with
91% (79/87) of the participants having a mobile phone, and
52% (41/79) using it at least daily. Furthermore, 46% (40/87)
of the participants had heard of persuasive technol ogy, and 63%
(46/73) reported that they would consider using persuasive
technol ogy.
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Table 2. Participant characteristics.
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Characteristics Interview Questionnaire
(n=28) (n=87)

Mean age (SD) 708 (8.3)° 64.0(85)
% of femal e participants 16 (57%) 59 (69%)°
Nationality UK 28 (100%) 58 (67%)
MRCYbreathlessness grade

1 5 (6%)

2 21 (24%)

3 19 (22%)

4 28 (32%)

5 14 (16%)
>150 min moderate activity per week® 39 (65%)

83D: standard deviation.

®Only PWCOPD, n=16.

Cn=85.

9MRC: Medical Research Council.
€n=60.

Participants Opinions of the Prototypes and
Preferences

Prototype 1: The Virtual Coach System

Participants who were interviewed tended to think that
encouragement from the virtual coach would be motivating,
which could indicate that the prototype was successful in
describing a system that could fulfill asocial role:

You are motivated when you're encouraged.
[PwCOPD, female, aged 65 years|

The virtual coach system was thought to be good for people
who were more mobile and thoseliving alone. Carersdescribed
similar sentiments, namely, that the virtual coach system would
be good for people who are mobile, on their own, and able to
use the technol ogy.

If they can manage the technology... And if it was
somebody on their own who needed (it). [Carer,
female, aged 75]

Participants’ reasons for deeming the virtual coach system as
suitable for someone on their own were that if a carer was
motivating the person with COPD, then there would be no need
to duplicate this role through technol ogy, again suggesting that
participants viewed thisform of technology asfulfilling asocial
role. HCPs were very positive about the prototype, athough
they felt that the novelty of a virtual coach may wear off and
that not everyone would understand the technology. They
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thereforefelt that there should be an opportunity to simplify the
virtual coach if thefull system was deemed too complex. HCPs
also tended to think that the technol ogy suggesting goalswould
be useful.

| think that's what a lot of people need because if
you're just doing it yourself, you just switch off and
say oh, another day. [HCP, femal€]

When asked which system they would use (or recommend for
use) the virtual coach system was given the highest score by
HCPs, but it was not scored as highly as the other prototypes
by PwCOPD or their carers (see Figure 4).

Participants who completed the questionnaire perceived the
virtual coach prototype to be the most persuasive (mean 40.71,
SD 11.46). A Friedman test identified a significant main effect
of prototype (x%=28.1, P<.001), and a Wilcoxon signed rank
test (with Bonferroni correction applied) found significant
differences between the virtual coach and the music and maps
prototypes (Z=-3.06, P=.002) and between the virtua coach
and the online community prototypes (Z=-5.50, P<.001; see
Figure 5).

In summary, both samples agreed that the virtual coach system
could be persuasive, athough the PwCOPD who were
interviewed were less positive about the prototype than
PwCOPD who answered the questionnaire and the HCPs and
carers who were interviewed.
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Figure4. Preferencefor prototypes expressed during theinterviews. HCP: health care professional; PwCOPD: peoplewith chronic obstructive pulmonary
disease.
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donethat, | might do a bit moretomorrow. [PwCOPD
female, aged 70 years]

| would, ideally, like a combination of both, in that if
you want the system to suggest goals then it can do
but if you’ re quite happy with setting your own goals
and you know what you want to achieve then it sort
of takes a more stand back approach and lets you do

Prototype 2: The Music and Maps System

When interviewed, both PwCOPD and HCPs mentioned that
the maps and the summary information provided in the music
and maps prototype seemed like it might be interesting, but that
it may not be sufficient to promote physical activity. Participants
felt that goal sthat were suggested by the system may be auseful

addition to help to persuade people to perform the activity it basically. [HCP, female]
suggested. ' ’

9 _ Again, the technology described in the music and maps
| do like the maps and where you've walked, and prototype was thought to be better for people who were
tracked and | think that's good, because look I've relatively mobile as the feedback would likely be more

interesting if the person was walking further. Some PwCOPD
http://www.jmir.org/2017/4/e124/ JMed Internet Res 2017 | vol. 19 | iss. 4 [e124 | p.74
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mentioned that this system would not provide them with any
useful information if they either walked the same routes or
walked very little outside.

The idea of walking with music divided opinion, with some
participants feeling that music was useful asadistraction while
exercising, whereas others thought that it would be dangerous
to walk while using headphones:

There are an awful lot of accidents caused
by...walking along, their head's in the clouds their
big bopping through their ears...I personally think
it'snot a good idea. [PwCOPD, male, aged 73 years)

Some PwCOPD, HCPs, and carersindicated that they may use
(or recommend that thosethey care for use) the music and maps
prototype (see Figure 4). The PwCOPD who completed the
guestionnaire rated this prototype as less persuasive (mean
37.40, SD 11.85) than the virtual coach prototype (Z=-3.06,
P=.002), but more persuasive than the online community
prototype (Z=—3.82, P<.001) (see Figure 5).

Prototype 3: The Online Community System

Participants tended to think that an appreciation of the social
components of this prototype would depend on the user's
personality; that is, it may appeal to some but not to others. One
user had previously had a negative experience with an online
support group and therefore said that they would not use one
again; another remarked that the success of online communities
depended on who else was using the website:

I’m a person person rather than a computer person.
So for me, in my age group | have doubts, the younger
end...they're into Facebook, they're into Twitter and
whatever. I'm not. [PwCOPD, male, aged 74 years)

Participants who liked the prototype describing the online
community appreciated the potential for competition and for
communicating with people who were going through similar
experiences. Some PwCOPD felt that competition would
motivate them and likened it to other competitive activities that
they enjoyed like playing cards or quizzes:

It encouragesyou to do it both for your own sake and
for the competition. [PwCOPD, male, aged 76 years]

Some participantsfelt that an online community would be better
for those who are more maobile; whereas, other participants
thought that people who could not do much activity would be
more likely to use such technology. HCPstended to support the
latter view, stating that the online community would be the best
for people who cannot go out, but that the approach would only
work if the user themselves choseit. One HCP said that it would
be hard for her to suggest this system to PwCOPD as she did
not like it herself.

Others felt that incorporating competition might promote an
unhealthy desire to win and, relatedly, that losing may have a
detrimental effect on the user’s feelings, or that being in
competition was not in keeping with the purpose of this
technology (whichisto promote the self-management of COPD,
and ultimately to feel better):
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Is making it competitive taking the idea away from

what you're actually doing it for? [PwCOPD, male,

aged 68 years]
Some participants felt that their opinion of the prototype
describing the online community system may be influenced by
their own competitive nature; some described that being
competitive would make losing harder, whereas others felt that
being a competitive person would encourage them to try more.
HCPs made the point that they try to discourage competition
between people during PR, as it can result in people
over-exerting themselves or feeling disheartened. When the
idea that the actual goal (ie, how many minutes) would not be
revealed to other userswasreiterated, some HCPs changed their
minds and became more supportive of the idea, whereas others
felt that having hidden goal s might encourage cheating and that
the points would not necessarily go to the right people. One
HCP felt that using persuasive technology to make any
comparison between users would be inappropriate;

We try and avoid encouraging that sort of behavior,
erm, and I’ mquite a competitive person and you know
thewholefirst person to get to 500 pointsand | would
be, and | know this sounds really bad but | would be
really inclined to decrease the amount of activity that
| did to get my points quicker to beat someone. [HCP,
female]

When participants who were interviewed were asked which
persuasive technology they would be most likely to use, the
prototype describing the online community was chosen more
often than the other two prototypes by PwCOPD. It was chosen
by afew carersbut not by any HCPs (see Figure 4). Respondents
to the questionnaire rated the online community prototype as
significantly less persuasive than the prototypes describing the
music and maps and the virtual coach (mean 30.67, SD 14.52;
Z=-5,50, P<.001 and Z=-3.82, P<.001, respectively; see Figure
5).

Opinions of Individual Featuresand Persuasive
Technology Techniques

Among the respondents to the questionnaire that ranked at |east
5 features of the persuasive technologies (n=54), scores were
reversed so that ahigh ranking was associated with ahigh score.
Figure 6 shows how participants ranked the different features.
The feature that was ranked as the most likely to convince
participants to use the technology was “Tips and advice on
performing activity with COPD.”

Thefeatures were then grouped according to the element of the
PSD model that they addressed independently of the prototype
they were presented within, namely, primary task support,
dialogue support, or social support. A Friedman test identified
asignificant difference between the persuasiveness of features
associated with different elements of the PSD model (x2,=33.0,
P<.001), and a Wilcoxon signed rank test (with Bonferroni
correction applied) found that features associated with primary
task support were rated significantly more likely to convince
PwCOPD to usethetechnology (mean 7.52, SD 4.63) than those
associated with socia support (mean 1.94, SD 2.97; Z=-5.00,
P<.001). Features associated with dialogue support were also
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rated significantly higher (mean 7.17, SD 5.53) than those
associated with socia support (Z=-4.92, P<.001). There was
no significant difference between participants' ratings of features
associated with primary task support and those associated with
dialogue support (Z=-.25, P=.80).

Bartlett et a

It was found that 32 participants (59% 32/54) aso indicated
that some features would definitely not convince them to use
persuasive technology; the most commonly identified features
being identifying local sporting facilities (n=23), getting stars
or trophies on your profile for completing goals (n=22), and
displaying the points that you have to other people who are
using this technology (n=21).

Figure 6. Sum of ranks given to individual techniques and features. Principles of the persuasive systems design model they relate to is indicated in
brackets. PTS: primary task support; DS: dialogue support; SS: socia support; COPD: chronic obstructive pulmonary disease.

Tips and advice on performing activity with COPD (D5)

Setting your own goals (PTS)

Seeing a graph of your level of activity {PTS)

Having audio instructions and encouragement while you exercise [ DS)
Displaying activity completed in a calendar (PTS)

Goals suggested by the system (DS)

Reminder texts | DS)

Seeing a map of the walks you have done (PTS)

Playing music while you exercise (PTS)

Chatting with other people who are using technology (55)

Com petitions with other people using technology (55)

Team goals, to reach with other people (55)

Conversational/ friendly tone i.e. 'Hithere Joyce' (DS)

Donating money to charity for completing goals (DS)

Getting points for completing goals (DS)

Providing weather information (PTS)

Getting vouchers or coupons for completing goals (DS)

Displaying the points you have to other people using technology (55)

Getting stars and/or trophies on your profile for completing goals (DS)

identifying local sporting facilities (PTS)

40 60 80 100 120 140

Discussion

Thefindings of thisresearch suggest that persuasive technology
techniques designed to encourage and support physical activity
among PwCOPD were received relatively positively by
PwCOPD, their carers, and HCPsinvolved in their care. Below,
we discuss the findings in the context of the PSD model and
other theoretical literature, as well as pointing to the practical
implications of the findings.

Principal Findings

The prototype based on the dialogue support principle that
described a virtual coach was, overall, deemed most likely to
be used or recommended, and it was al so deemed to be the most
persuasive. In addition, the techniques associated with the
primary task support principle were ranked as most likely to
convince participants to use a technology (athough not
significantly different to the techniques associated with dialogue
support). The prototype based on the socia support design
principle that described the online community was the least
likely to be recommended for use by HCPs and was also rated
as the least persuasive by PwCOPD who completed the
guestionnaire.

The positive view of both dialogue support and primary task
support expressed in this research suggests that these persuasive
design principles and associated techniques are acceptable to
PwCOPD and are likely to be used. In support of thisidea, a
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review of apps designed to promote behavior change identified
that primary task support elements are used most frequently in
apps that target smoking, drinking, and weight loss, and the
authors additionally suggest that dialogue support techniques
might also be used to promote other behaviors[52]. The use of
techni ques associated with dial ogue support has been shown to
have adirect effect on how persuasiveinterventions are deemed
to be, which in turn has been found to predict intentions to use
and actual use of awebsite aimed to encourage weight loss and
increase positive mood [14].

A recent systematic review found that self-monitoring was the
most commonly used persuasive technology technique in apps
that are designed to increase physical activity. Suggestions and
praise were the most commonly used dialogue support
techniques, whereas the technology taking asocial role (also a
dialogue support technique) wasonly used in asingle paper [8].
Participantsin thisresearch felt that the social role provided by
technology should not duplicate other forms of support. For
example, those who received encouragement from a carer did
not feel that they would also need it from a virtual coach.
However, other participants reported that they would value
encouragement from technology, perhaps because they did not
receive it from other sources.

The competition element of the online community prototype
divided opinion. Some PwCOPD felt that competition would
be encouraging, whereas othersfelt that the danger of becoming
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disheartened was too great and that any system should aim to
provide positive support and encouragement only. Thisopinion
was echoed by the HCPswho wereinterviewed. Unlike rewards
and maps, which were thought to be potential extras that might
be ignored, HCPs seemed to recognize that competition could
be persuasive, but felt that this approach to persuasion was
inappropriate. Competition has been identified as a design
element that is commonly used in games [53], and thus, could
be considered aform of “gamification” (where game elements
are used in nongame contexts such as health care [54]). Research
that looks more broadly at the application of gamification has
identified that the context that gamification is used in as well
as characteristics of the user (eg, age) may influence the
effectiveness of using game strategies to persuade [55,56],
although little work thusfar has explored the use of gamification
in an older adult population [57].

One explanation for the divided opinion of competition in this
study might be that different people anticipate experiencing
different emotions as a result of competing. Some participants
compared the competitive element provided by the online
community to other competitive activities that they enjoyed
such as playing cards or quizzes. These participants perhaps
anticipated experiencing positive emotions when competing
and viewed competition as fun. Other participants, however,
may have feared failing and so reacted negatively to the prospect
of competition. In the PSD model, competition is reported to
leverage human beings “natural drive to compete” (p.495;
[12]), and theinclusion of competitive elements has been found
to have a positive effect on levels of physical activity
interventions among healthy adultsin some studies [8], aswell
as being frequently used in apps designed to promote weight
loss [52]. It could be suggested, however, that the challenges
that physical activity presents to PwCOPD means that
competition is associated with stronger emotions. PwCOPD
who appreciate theimportance of physical activity may connect
afailureto be activewith adeclinein their health, and therefore,
the conseguences of not succeeding in the competition may be
viewed as more seriousthan they might be among healthy adults.
Therefore, this hypothesis, aswell as further exploration of the
potential for other gamification strategies in the context of
COPD care, warrants further consideration.
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The findings suggest that a system that supports dialogue
between the user and the technology alongside supporting the
primary task (here, walking) to promote the self-regulation of
physical activity is likely to be acceptable to PwCOPD and
perceived as persuasive. Previous research indicates that these
design principles are associated with adherence to Web-based
health interventions [13] as well as intention to use and actual
use of a Web-based intervention designed to promote healthy
eating [14]. In contrast, the use of the social support design
principle, while potentially engaging for some, islesslikely to
appeal to the majority of users. Asdiscussed above, thisislikely
to be especially true for techniques that encourage any form of
social comparison or competition. Further research should
explore the use of persuasive technology techniques not only
to promote both initial interest in the technology but also to
support continued engagement. As this research also focused
only on encouraging regular walking, it may also be helpful for
future research to consider awider range of physical activities
that are suitable for PwCOPD (eg, wall push-ups) over the
longer term. If PWCOPD are willing to engage with persuasive
technology, then applications could also extend beyond
promoting physical activity to other aspects of managing COPD
such as promoting the use of breathing exercises, and providing
relevant information.

Conclusions

Thisresearch investigated the opinions of PWCOPD, their carers,
and HCPs involved in their care toward the use of different
forms of persuasive technology to support and encourage
increases in physical activity among PwCOPD. Opinions of
persuasive technology were on the whole positive; however,
opinions depended on personal preferencesand initial levels of
capability and motivation to engage with both physical activity
and technology. Our findings suggested that a prototype
describing a virtual coach designed to support interactions
between the user and the technol ogy was the most popular, and
that techniquesrelated to both supporting dial ogue and primary
task support were better supported by participants than those
related to social support. We therefore recommend that future
research integrate dialogue and primary support techniquesinto
apps for PwCOPD and build on these findingsto further explore
how persuasive technol ogy can be used to engage and meet the
needs of this population.
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Abstract

Background: A growing number of meta-analyses have supported the application of therapist-supported | nternet-based cognitive
behavior therapy (iCBT) for psychological disordersacross different populations, but relatively few meta-analyses have concentrated
on postpartum women.

Objective: This meta-analysis evaluated the efficacy of therapist-supported iCBT in improving stress, anxiety, and depressive
Symptoms among postpartum women.

Methods: A total of 10 electronic databases were used to search for published and unpublished trials. Cochrane Collaboration
tool for assessing risk of bias was utilized to measure methodological quality. Meta-analysis was performed using the RevMan
software (Review Manager version 5.3 for Windows from the Nordic Cochrane Centre, the Cochrane Collaboration, 2014).
Among the 789 studies identified, 8 randomized controlled trials were selected, involving 1523 participants across 6 countries.

Results: More than half (65%) of the eligible studies had a low risk of bias with no heterogeneity. Results revealed that
therapist-supported iCBT significantly improved stress (d=0.84, n=5), anxiety (d=0.36, n=6), and depressive symptoms (d=0.63,
n=8) of the intervention group compared with those of the control group at post-intervention.

Conclusions: Thisreview revealed that therapist-supported iCBT significantly improves stress, anxiety, and depressive symptoms
among postpartum women with small to large effects. Future effectiveness studies should establish the essential components,
format, and approach of iCBT with optimal levels of human support to maximize along-term effect.

(J Med Internet Res 2017;19(4):€138) doi:10.2196/jmir.6712

KEYWORDS
Internet; post-traumatic stress disorders; stress; anxiety; depression; cognitive behavior therapy; meta-analysis

[2]. Cognitive restructuring is a common psychotherapeutic
process in CBT for identifying, evaluating, and changing
negative, distorted thoughts and beliefs [3]. Cognitive
restructuring is a useful technique to understand wrong

Introduction

Cognitive behavior therapy (CBT) is aform of psychotherapy
based on the assumption that al psychological disturbancesare

caused by dysfunctional thinking [1]. CBT aims to modify
thoughts, beliefs, and perceptions, and change behaviora pattern

http://www.jmir.org/2017/4/e138/

automatic beliefs and it helps individuas to reframe their
negative perception or distorted thinking in a more positive
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frame of mind [3]. Behavioral activation, which is a different
form of CBT, isafunctional analytical approach for engaging
in enjoyable activities frequently to maintain or improve
psychological well-being [4]. Behavioral activation is a
development of activity scheduling that focuses on the use of
avoided activities as a guide for activity scheduling and
functional analysisof cognitive processesthat involve avoidance
[4]. Despite the well-established efficacy of CBT for treating
and preventing psychological disorders [5], barriers to the
administration of CBT exist, which may include insufficient
therapists, stigmatization, geographical remoteness, long waiting
times, and high costs [6]. CBT has been suggested suitable for
remote delivery because of its structured content [7]. During
the past 15 years, the development of Internet-based
psychological intervention has progressed significantly [8],
particularly in light of the rapid improvements in Internet
technologies globally [9]. An innovative administration has
been developed in the form of Internet-based CBT (iCBT) to
minimize treatment barriers and increase access to care [8,10].

The Internet makes CBT feasible and worth consideration.
Implementation of iCBT is able to administer the full course of
aCBT treatment using online self-help format, which might or
might not be supported by a therapist [8]. A therapist can
provide support through phone, email, text, or an interactive
computer interface [10,11]. Therapist-supported iCBT is a
therapy that is guided by an identified therapist who gives
feedback and answers to questions, and which can include
interactive features through the Internet to get access to
psychological treatment [8]. Recent systematic reviews of
therapist-supported iCBT for anxiety [10] and psychiatric and
somatic disorder [ 12] produced equivalent effect compared with
face-to-face CBT. Therapist-supported interventions involving
higher levels of human support improve outcomes for
depression, but do not significantly affect outcomes for stress
[13] or anxiety [10]. An Internet-based intervention with instant
feedback has achieved adherence and effectiveness similar to
that of the same intervention with human support [14]. The
potential  benefits of therapist-supported iCBT are
customizability, cost-effectiveness, time-effectiveness,
geographic flexibility, time flexibility, consistency, high
availability, and rapid dissemination [15,16].

The postpartum period is a highly challenging time for women
because of changesin physical, familial, financial, occupational,
and other realms [17]. Changes may affect a woman's
psychosocial and physical resources, resulting in stress, anxiety,
and depressive symptoms [17,18]. Reported prevalence rates
suggest that 14.3% of women suffer from general stress [18],
1%-30% from post-traumatic stress symptoms[19], 24.9% from
anxiety [20], and 13%-19% from depressive symptoms [21]
during the postpartum period. In addition, evidence indicates
that the coexistence of stress, anxiety, and depressive symptoms
occur during the postpartum period [17]. Timely and efficacious
intervention is important during the postpartum period,
especialy when considering the adverse short- and long-term
maternal health outcomes and child development outcomes
[22-24]. Strong evidence supports that CBT is effective for
treatment and prevention during the postpartum period [25]. A
review revealed that interventions initiated during the

http://www.jmir.org/2017/4/e138/
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postpartum period were more effective than those initiated
during the antenatal period and that the one-to-one therapy was
more effective than the group therapy [25]. Notably, the Internet
wasfound to be the preferred source of information among these
women [20]. For example, 90% used the Internet to search for
health-related information [20] and 69% used the Internet to
seek formation about postpartum depression [26]. They
expressed interest in use of Web-based resources and greater
engagement in ehealth behaviors related to mental health [27].
An increasing number of randomized controlled trials (RCTS)
found that iCBT iseffective for stress[28,29], anxiety [30,31],
and depressive symptoms [32,33] among postpartum women.
Given the burgeoning development of iCBT for a broad range
of conditions [8] paralleled by the rapid increase in access to
instant cyber connectivity, what is the effect of
therapist-supported iCBT in improving stress, anxiety, and
depressive symptoms among postpartum women?

Meta-analyses are applied in relation to a wide range of study
designs; those that address trial designs are considered to
represent the strongest evidence, and they have become
increasingly prevalent over the years [34]. A growing number
of metaanalyses have supported the application of
therapist-supported iCBT for stress [13,35], anxiety [7,10],

and/or depressive symptoms [36,37] across different
populations, but relativly few metaanalyses of

therapist-supported iCBT have concentrated on the postpartum
population. We are aware of two recent systematic reviews
[38,39] that investigate computer- or Web-based interventions
for the prevention and treatment of perinatal mental health [38]
or mood disorders[39]. The Two reviews suggest that computer-
or Web-based intervention is effective for depressive symptoms
[38,39], but mixed results were found for stress and anxiety
symptoms [38]. However, the two reviews have been limited
in using heterogeneous study designs [38,39], different
therapeutic approaches[38], nonspecific outcomes[38,39], and
afew eligible studies (n=4) [39]. Although onereview [38] used
a meta-analytical approach, their population was varied with
antenatal, postpartum women, and their partners.

Evidently, therapist-supported iCBT provides an efficacious,
accessible, and economically sound intervention for a broad
range of conditions [8] across different populations [7,13]. A
systematic review of existing evidenceis necessary to determine
whether therapist-supported iCBT for postpartum women is
efficacious for prevention and treatment of stress, anxiety, and
depressive symptoms before therapist-supported iCBT is
embedded in routine clinical practice [39]. Further exploration
is recommended to address the gaps in the current literature.
Thefindings of thisreview could guide future studies exploring
the next steps of therapist-supported iCBT implementation
among the postpartum population. By conducting a systematic
review and meta-analysis, we synthesized the best available
evidence. This review aimed to systematically assess studies
that examined therapist-supported iCBT interventions for
improving stress, anxiety, and depressive symptoms among
postpartum women.
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Methods

This review was conducted according to the standards outlined
in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [40]. The protocol is
registered in the PROSPERO database (CRD42016039094).

Eligibility Criteria

Studies were selected for the meta-analysisif they fulfilled the
PICOS (population, intervention, comparison, outcomes and
study) criteria[19]:

- Population: target women with age = 18 years in the
postpartum period (< 2 years postpartum) [41]

« Intervention: Therapist-supported iCBT was delivered over
the Internet through the use of websites, email, phone, or
Skype. TheiCBT must have included support of therapists
through phone, email, text, and an interactive computer
interface. The intervention comprised at least one of the
elements of CBT, including cognitive restructuring,
behavioral activation, or skillstraining

«  Comparison: attention control, waitlist, or treatment as usual
(TAU)

« QOutcomes: stress, anxiety, and depressive symptoms at
postintervention

« Typeof studies: RCTs

We excluded studies on teenage pregnancy (< 18 years). We
did not include studies that had no CBT component in the
intervention group; had active treatment containing a CBT
component in the control group; were clinical controlled trials,
cross-sectional, cohort, one-group pre- and posttest, and
qualitative designs; only had abstracts and were study protocols,
reviews, or conference papers.

Search Strategy

Similar systematic review papers were searched from the
Cochrane Databases of Systematic Reviews, Joanne Briggs
Ingtitute, Centre for Reviews and Dissemination, University of
York, PubMed Clinical Queries, Google, and Google Scholar
to verify that the papers had not been conducted recently. The
search strategy aimed to find published or unpublished studies
without time limitation to maximize the search. We did not
restrict our search to studiesreportedin any particul ar language.
However, we conducted searches in English.

A 3-step search strategy was employed from inception until
February 9, 2017. Thefirst phase was a comprehensive search
using identified keywords and index terms, searching the
following 10 electronic databases. EMBASE, PubMed,
Cumulative Index to Nursing and Allied Health Literature,
Academic Search Completed, PsycINFO, PsycARTICLES,
Cochrane Library, Web of Science, Scopus, and ProQuest
Dissertations and Theses. Index and keyword terms were used
(Multimedia Appendix 1). Theindex terms and keywordswere
combined and truncated according to the syntax rules of each
database.

The second phase involved searching Clinical Trials.gov, WHO
International Clinical Trials Registry Platform, and I nternational
Standard Randomised Controlled Trial for unpublished trials

http://www.jmir.org/2017/4/e138/
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relevant to the review. When eligible trials were found,
unpublished data were requested.

The third phase involved searching the reference lists of the
included studies and checking previous reviews relevant to the
topic for additional studies. The bibliographical software
package EndNote program version X7 (Thomas Reuters) was
used to import al the references and remove duplicates. The
remaining studies were assessed independently against the
inclusion and exclusion criteriaby two authors(ie, LY and TP).

Quality Assessment

After identifying full-text articles that fulfilled the selection
criteria, the studies were submitted for quality assessment and
verified for eligibility. Cochrane Collaboration tool for ng
risk of bias was used by the two authors to independently
evaluate the potential for biasin each study [42]. Thefollowing
indicators of internal validity specific to the methodology were
collected: (1) random sequences generation, (2) alocation
concealment, (3) blinding of participants and personnel, (4)
blinding of outcome assessment, (5) incompl ete outcome data,
and (6) selective reporting [42]. Assessment related to the risk
of bias was assigned with a judgment of “low risk” of bias,
“high risk” of hias, or “unclear risk” of bias. Any differencein
opinion between the two authors was resolved by consensus.

Data Extraction

The characteristics of trialsand elements of therapist-supported
iCBT were extracted from each study through structured
summaries. ltems extracted for the characteristics of trials
included authors, year, countries, design, sample with health
condition, age, name of iCBT, control group, sample size,
outcomes, attrition rate, follow-up, intention-to-Treat (ITT)
analysis, and grant support. Items extracted for the descriptions
of iICBT were: aim, numbers of sessions, components, therapy,
support, provider, peer support, partner support, contact with
therapist, communication, interactivity, activities, multimedia,
and duration. The summary tables were thoroughly reviewed
for accuracy and relevance by the two authors independently.
Study authors were contacted for any missing or additional
information.

Data Analysis

Data were synthesized using the RevMan software (Review
Manager Version 5.3 for Windows from the Nordic Cochrane
Centre, the Cochrane Collaboration, 2014). We used the generic
inverse variance method in our meta-analysis to combine the
continuous outcomes with means and standard deviations (SD)
[42]. Theweight given to each trial was chosen to betheinverse
of the variance of the effect estimate (ie, one over the square of
itsstandard error) [42]. With theinverse variance method, mean
difference was used for the scores of stress, anxiety, and
depressive symptoms. The standardized mean differences with
their corresponding 95% Cl were employed to combine studies
that measured the same outcomes with different methods. The
test of the overall effect was assessed using Z-statistics at P<.05.
To quantify the efficacy of therapist-supported iCBT on stress,
anxiety, and depressive symptoms, we cal cul ated the effect sizes
by subtracting the mean value of theiCBT group from the mean
value of the control group at posttest and dividing the result by
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the pooled SD of the two groups. The effect sizes were
expressed as Cohen d or standardized mean difference, which
were interpreted as small (0.2< d<0.5), medium (0.5< d<0.8),
and large (d =0.8) [43].

Heterogeneity between studieswas eval uated using the Cochrane

Q (chi-square test) and 12 statistics in the RevMan software.
The statistical significance for heterogeneity was set as P>.10,

and estimates of the degree of heterogeneity using 12 were made
by setting 0%—40% as might not be important, 30%—60% as
moderate, 50%-90% as substantial, and 75%-100% as
considerable [42]. We used fixed- and random-effects models
inour meta-analysis according to heterogeneity between studies
on different statistical assumptions[44]. Thefixed-effectsmodel
was used to estimate one true effect in cases without significant
heterogeneity (P<.10) because we assumed that the true effect
size was the same in the €ligible trials, whereas the
random-effects model (tau-square) was employed to estimate
the mean of adistribution of effectsin caseswith heterogeneity
between studies (P>.10) and in those with |2 values of over 40%
because we assumed that the true effect size varied from tria
to trial [42]. Subgroup analysis was performed to (1) explore
the source of heterogeneity and (2) evaluate the effect in a

http://www.jmir.org/2017/4/e138/
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specific subgroup; performing a subgroup analysis provided
infformation about essential elements for maximizing
effectiveness of therapist-supported iCBT [45]. The predefined
subgroups differed in health condition, control conditions, type
of iCBT, number of sessions, and professional support. We
planned to construct funnel plots to determine the possible
influence of publication biases if the number of eligible trials
was more than 10 [42].

Results

Study Selection

The search and selection of articlesis illustrated in Figure 1.
Using the specified search terms, the searched 10 databases
produced atotal of 596 records. Among these studies, 200 article
duplicates were removed. One additional record was identified
from thereferencelist. On the basis of an analysis of the words
in paper titlesand abstracts, 332 records were excluded. Full-text
articles of the remaining 65 articles were retrieved, reviewed,
and selected on the basis of relevance and quality for eigibility.
A total of 57 studies were excluded for reasons outlined in
Figure 1. Finally, 8 RCTs were selected for meta-analysis.
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Figure 1. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) diagram displaying procedure for trials selection.

Risk of Biasin Included RCTs

We summarized the findings for the risk of bias graph and
summary in Figure 2 and Multimedia A ppendix 2, respectively.
In all, 8 studies (100%) had adequate sequence generation for
randomization. All of them (100%) had adequate allocation
concealment. Only one study (13%) had implemented the
blinding of participants and personnel and outcome assessment.
Whereas 6 trial s (75%) were unclear for the blinding of outcome
assessment, 1 trial (13%) was unclear to implement the blinding
of participants and personnel. Of the 8 studies, 5 (63%)

http://www.jmir.org/2017/4/e138/
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addressed low risk of bias concerning incompl ete outcome data.
All of the studies (100%) had low risk of bias for selective
reporting. The two authors independently checked for risk of
bias. Theinterrater agreement was 100% for global ratings, with
two minor disagreements at the component level, but these
disagreements were resolved through discussion. The number
of trials (n<10) in this review was insufficient to make a
meaningful funnel plot to determine publication bias because
the test power was excessively low to distinguish chance from
real funnel plot asymmetry [42].
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Figure 2. Risk of bias summary. These are authors’ judgments of each methodological quality item for each included study. Plus signs (+) indicate
high methodological quality (low risk of bias); minus signs (-) indicate low methodological quality (high risk of bias); question marks (?) indicate

unclear methodological quality (reported information about what happened in the study was insufficient).

Characteristics of Included Studies

Thismeta-analysisincluded 8 studies[28-33,46,47] with atotal
of 1523 participants conducted across 6 countries (Table 1),
including Australia (13%, 1/8) [28], Canada (13%, 1/8) [31],
Germany (25%, 2/8) [46,47], Sweden (13%, 1/8), the United
Kingdom (25%, 2/8) [30,32], and the United States (13%, 1/8)
[33]. All of the studies were conducted between 2011 [47] and
2016 [31], with 2016 having the highest number of publications
(38%, 3/8) [28,29,31].

The mean age of the participantsin the studies ranged from 31
[33] to 35 years[29]. Participants were postpartum women with

http://www.jmir.org/2017/4/e138/
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RenderX

3 different health conditions, namely, depressive symptoms
(63%, 5/8) [28,30-33], post-traumatic stress symptoms (13%,
1/8) [29], and pregnancy loss (25%, 2/8) [46,47]. The sample
sizes were between 43 [28] and 910 [32]. Comparators were
waitlist treatment (50%, 4/8) [29,31,46,47], usual care (38%,
3/8) [28,30,32], and waitlist or usual care (13%, 1/8) [33]. Six
of the studies (75%, 6/8) assessed more than onetarget outcome.
Whereas the rest did not report any follow-up, 6 of the studies
had afollow-up for 1[31] to 12 months [46] after intervention.
Attrition rates ranged from 3% [33] to 60.8% [32] and from 0%
[33] to 63.8% [32] for the intervention and control groups,
respectively. Of the all the selected articles, 5 (63%, 5/8) used
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ITT analysis, and majority of them (88%, 7/8) were supported by grants.
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Table 1. Characteristics of the eligible 8 randomized controlled tridls.

Author (year) Country Health condition Age(in cpT? 0) Control Sample Outcomes Follow-up
(recruitment) years © size (N) (measures) (inmonths)
(mean)
Kerstingetal Germany  Pregnancy loss >18 Manualized cBTY ~ Waitlist I: 48 Stress 3
(2011)P€ [47) @) (34) treatment program C:35 (IES)®
Anxiety
(B3I-GSI)f
Depression
(BSI-GSI)f
Kerstingeta Germany  Pregnancy loss >18 Internet-based inter-  Waitlist I: 115 Stress 3,12
2013)°° [46 - 34y  ventionfor parents C: 113 g
(2013)™" [46] e (34) after parental loss (IESR)
Anxiety
(BSI-GSl)f
Depression
(BSI-GSI)f
Milgrometa Australia  Magor or minor depres- >18 MumMood TAU" I:21 Stre$(DASS-21)i 3
(2016)°°[28] sion (32)  Booster C:22 Anxiety
(< 1 year postpartum) .
(DASS-21)'
Depression
(BDI-I1y
Nieminenetal Sweden Post-traumatic stress ~ >18 Internet-based trau-  Waitlist I:28 Stress )
(2016)°€ [29] (> 3months postpar- ~ (35) ma-focused CBTY C:28 (IESR)?
tum) Anxiety
(BAI
Depression
(BDI-11)!
O'Maheneta United Depressive symptoms ~ >18 Postnatal internet-  tayh I: 462 Depression )
(2013)°[32]  Kingdom (< 12 months postpar-  (32) based behavioral ac- C: 448 (EPDS)
tum) tivation
O'Maheneta  United Depressive symptoms ~ >18 Netmums Helping  tayh I:41 Anxiety 6
(2014)°[30]  Kingdom (< 12 monthspostpar- (- with Depression C: 42 (GAD-7)™
tum) .
Depression
(EPDS)'
Pughetad Canada Depressive symptoms ~ >18 Therapist-assisted ~ Waitlist I: 25 Stress 1
(2016)° [31] (< 12 months postpar-  (-) iCBT? C: 25 (DASS-21)
tum) .
Anxiety
(DASS-21)
Depression
(EPDS)'
Sheeberetal  United Depressive symptoms ~ >18 Mom-Net interven-  Waitlistor  1: 35 Depression 3
(2012)°[33]  States @) (31) tion TAU" C:35 (BDI-I1)
% CBT: Internet-based cognitive behaviora therapy.
P These studies used intention-to-treat analysis.
“These studies had grant support.
deBT: cognitive behavioral therapy.
®IES: Impact of Event Scale.
'BSI-GSI: Brief Symptom Inventory-Global Severity Index.
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91ES-R: Impact of Event Scale-revised.

PTAU: treatment as usual.

'DASS-21: Depression Anxiety Stress Scale.
IBDI-I1: Beck Depression Inventory-I1.

KBAI: Beck Anxiety Inventory.

|EPDS: Edinburgh Postnatal Depression Scale.
MGAD-7: Generalized Anxiety Disorder Scale.

Descriptions of I nternet-Based Cognitive Behavior
Therapy

Detailed descriptions of iCBT are presented in Multimedia
Appendices 3 and 4. All iCBTs were based on
cognitive-behavioral strategies, including cognitive restructuring
[29,46,47] and behavioral activation [30,33] with additional
elements of psychoeducation [31], parenting preparation, or
parenting focus [33]. The numbers of sessions ranged from 6
[47] to 12[30]. All therapies used one-to-one setting. Therapists
support al therapies and 3 of them incorporated a
self-monitoring or self-help component [28,30,33]. All of the
studies had human support coming from psychologistsor clinical
psychologists (75%, 6/8) [28,29,31,32,46,47], master’s or PhD
psychology students (25%, 2/8) [29,31], CBT-trained mental
health workers (25%, 2/8) [32,33], and alayperson (13%, 1/8)
[33].

Peer support using chat room discussion was used by 4 of the
therapies [28,30,32,33], and only 1 trial used partner support
using websites[28]. Mgjority of the therapieswere asynchronous
(88%, 7/8) [29-33,46,47] and 1 was synchronous [28] in terms
of two-way feedback communication with therapists using
websites (88%, 7/8) [28-30,32,33,46,47], phone calls (63%,
5/8) [28,30-33], emails (38%, 3/8) [30-32], and text messages
(13%, 1/8) [30]. The delivery modes included multimedia and
interactive formats, such as animation, video, audio, or photos
[28,31]. The activities of the therapies included text-based
reading (63%, 5/8) [28,29,31,46,47], assignment or homework
(88%, 7/8) [28-32,46,47], interactive exercise (13%, 1/8) [30],

Lauetd

expressive writing (38%, 3/8) [33,46,47], and online clinics or
consultation (25%, 2/8) [32,33]. The duration of the therapies
varied among the 8 studies, ranging from 5[46,47] to 17 weeks
[30].

Efficacy of Therapist-Supported iCBT on Stress
Symptoms

By comparing the intervention and control groups using stress
symptoms at post-intervention as adependent variable, 5 studies
[28,29,31,46,47] assessed the efficacy of therapist-supported
iCBT among 451 women. Depression Anxiety Stress Scale-21
(DASS-21) [48], Impact of Event Scale (IES) [49] and
|ES-Revised [50] were used to measure stress symptoms. Figure
3 showsthat therapist-supported iCBT interventionshad alarge
effect size of .84 (95% Cl 0.65-1.03) on eliminating stress
symptoms. Theoverall effect (Z=8.52, P<.001) was significant,

but 12 showed 0%, and the P value of chi-square was .86. A
series of subgroup analyses was performed to explore more
information about the therapist-supported iCBT intervention,
as shown in Table 2. Subgroup differences were found
insignificant for stress symptoms based on health condition,
control condition, number of sessions, peer support, and
professional support. Interestingly, we observed the
therapist-supported iCBT with waitlist as comparator and
exclusive therapist support were significant (d=0.88, Z=8.43,
P<.001) on eliminating stress symptoms, whereas intervention
using TAU as comparator and therapist support with self-help
component did not (d=0.52, Z=1.66, P>.05). However, only 1
study in the subgroups had limited generalizability and thus
further trials were warranted.

Figure 3. Forest plot of standardized mean difference (95% CI) in change of stress symptoms scores for Internet-based cognitive behavior therapy

intervention and control group.

iCBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Kersting et al 2011 179 12.36 48 279 10.92 35 18.1% -0.84[-1.30, -0.39] —
Kersting et al 2013 17.64 12.22 115 28.27 11.81 113 50.5% -0.88[-1.15, -0.61] ——
Milgrom et al 2016 13.1 8.7 21 18.1 10.2 22 10.1% -0.52 [-1.13, 0.09] s
Nieminen et al 2016 19.22 14.29 28 32.76 16.73 28 12.4% -0.86[-1.41, -0.31] —_—
Pugh et al 2016 12.32 6.26 20 18.19 579 21  8.9% -0.96[-1.61, -0.31)
Total (95% Cl) 232 219 100.0% -0.84 [-1.03, -0.65] &
Heterogeneity: Chi* = 1.30, df = 4 (P = 0.86); I’ = 0% =—2 —=1 5 i 2:

Test for overall effect: Z = 8.52 (P < 0.00001)

Efficacy of Therapist-Supported iCBT on Anxiety
Symptoms

Using anxiety symptoms at post-intervention as a dependent
variadble in 6 studies [28-31,46,47], the efficacy of
therapist-supported iCBT was evaluated among 510 participants
by comparing the intervention and control groups. Anxiety

http://www.jmir.org/2017/4/e138/

Favours [iCBT] Favours [control]

symptoms were measured through the Brief Symptom
Inventory-Global Severity Index (BSI-GSI) [51], DASS-21
[48], Generalized Anxiety Disorder Scale [52], and Beck
Anxiety Inventory [53]. Therapist-supported iCBT exerted a
significant effect on improving anxiety symptoms (Z=4.07,
P<.001) with small to medium effect size (d= 0.36), as shown
in Figure 4. Meta-analysis on anxiety symptoms showed no
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heterogeneity (1°=0%). Significant subgroup differences were
not found for anxiety symptoms based on health condition,
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control condition, type of iCBT, number of sessions, and
professional support (Table 2).

Figure 4. Forest plot of standardized mean difference (95% CI) in change of anxiety symptoms scores for Internet-based cognitive behavior therapy

intervention and control group.

iCBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kersting et al 2011 0.37 0.41 115 0.63 0.67 113 44.5% -0.47([-0.73,-0.20] ——
Kersting et al 2013 0.53 0.82 48 0.7 0.63 35 16.1% -0.23 [-0.66, 0.21] ——
Milgrom et al 2016 4.2 5.5 21 5.4 3 22 8.5% -0.27 [-0.87,0.33] ————
Nieminen et al 2016 10.11 9.56 28 11.94 10.29 28 11.2% -0.18 [-0.71, 0.34] —
O'Mahen et al 2014 8.71 4.61 31 11.29 5.49 28 11.4% -0.50([-1.02, 0.02] —
Pugh et al 2016 6.1 6.16 20 7.62 6.74 21 8.2% -0.23 [-0.85, 0.38] —_— T
Total (95% CI) 263 247 100.0% -0.36 [-0.54, -0.19] <
Heterogeneity: Chi* = 2.00, df = 5 (P = 0.85); F = 0% =—2 —Il 5 i 2:

Test for overall effect: Z = 4.07 (P < 0.0001)

Efficacy of Therapist-Supported iCBT on Depressive
Symptoms

A total of 8 studies [28-33,46,47] assessed the efficacy of
therapist-supported iCBT interventions among 934 participants
by comparing the intervention and control groups using
depressive symptoms at post-intervention as dependent variable.
Depressive symptoms were measured through the Beck
Depression Inventory-I1 [54], Edinburgh Postnatal Depression

Favours [iCBT] Favours [control]

Scale [55], and BSI-GSI [51]. iCBT interventions in this
meta-analysis exerted a significant effect on improving
depressive symptoms (Z2=9.42, P<.001) with medium to large
effect size of 0.63 (Figure 5). The meta-analysis of these 8
studies showed no heterogeneity (1>=0%). No significant
subgroup differences were found for depressive symptoms
according to health condition, control condition, type of iCBT,
number of sessions, and professional support (Table 2).

Figure5. Forest plot of standardized mean difference (95% Cl) in change of depressive symptoms scores for Internet-based cognitive behavior therapy

intervention and control group.

iCBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kersting et al 2011 0.61 0.64 115 1.05 0.73 113 24.6% -0.64[-0.91, -0.37] —-
Kersting et al 2013 0.47 0.49 48 0.99 0.85 35 8.5% -0.77 [-1.23, -0.32]
Milgrom et al 2016 14.5 12.2 21 23 7.5 22 4.5% -0.83 [-1.45, -0.20]
Nieminen et al 2016  15.39 11.92 28 18.84 11.66 28 6.3% -0.29[-0.82, 0.24] —
O'Mahen et al 2013 10.94 5.57 181 14.28 6.63 162 37.4% -0.55[-0.76,-0.33] =
O'Mahen et al 2014 11.05 4.71 37 14.26 5.11 34 7.6% -0.65[-1.13, -0.17] —_——
Pugh et al 2016 8.68 3.8 20 12.71 3.7 21 4.0% -1.05[-1.71, -0.40]
Sheeber et al 2012 13.4 10.4 34 225 11 35 7.2% -0.84[-1.33, -0.35] —_—
Total (95% CI) 484 450 100.0% -0.63 [-0.77, -0.50] L 3
Heterogeneity: Chi* = 5.26, df = 7 (P = 0.63); F = 0% =-2 _'rl b i 21‘

Test for overall effect: Z = 9.42 (P < 0.00001)
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Table 2. Subgroup analyses of Internet-based cognitive behavioral therapy (iCBT) on stress, anxiety, and depressive symptoms.

Subgroup analyses Number of Effect 95% Cl Z-statistics P Heterogeneity, Chi-square, X2 (df),
comparisons  size, d |2(%) comparison

Stress symptoms [28,29,31,46,47]

Health condition

Depression [28,31] 2 072 028117 318 001 0 0.3(2)
Pregnancy loss [46,47] 2 0.87 0.64-1.10 7.31 <001 O
Post-traumatic stress [29] 1 084  0.65-1.03 3.06 002 N/A

Control condition
Waitlist [29,31,46,47] 4 0.88 0.64-1.08 8.43 <001 O 1.2(1)
Treatment as usual [28] 1 0.52 0.09-1.13 1.66 .10 N/A

Number of sessions
< 8 sessions [28,31,46,47] 4 084 063105 7.95 <001 0 0.0(1)
> 8 sessions [29] 1 086 0.31-1.41 3.06 002  N/A

Professional support

Exclusive therapist support 4 0.88 0.67-1.08 8.43 <001 O 1.2(1)
[29,31,46,47]
With self-help component [28] 1 0.52 0.09-1.13 1.66 .10 N/A

Anxiety symptoms [28-31,46,47]
Health condition

Depression [28,30,31] 3 035 002068 209 04 0 06(2)
Pregnancy |oss [46,47] 2 040 018063 350 <001 0
Post-traumatic stress [29] 1 018 034071 0.68 50  NA

Control condition
Waitlist [29,31,46,47] 4 0.35 0.16-0.55 3.54 <001 O 0.1(2)
Treatment as usual [28,30] 2 0.40 0.01-0.80 2.01 .04 0

Typeof iCBT?

Behavioral activation [30] 1 050 0.02-1.02 1.90 .06 N/A 0.3(1)
Cogpnitive behavioral therapy 5 035 0.16-0.53 3.64 <001 O
[28,29,31,46,47]

Number of sessions
< 8 sessions [28,31,46,47] 4 0.37 0.17-0.57 3.63 <001 O 0.0(D
> 8 sessions [29,30] 2 0.34 0.02-0.71 1.83 .07 0

Professional support

Exclusive therapist support 4 035 0.16-055 354 <001 O 01(1
[29,31,46,47]
With self-help component [28,30] 2 040 0.01-0.80 2.01 .04 0

Depressive symptoms [28-33,

46,47)
Health condition

Depression [28,30-33] 5 0.65 0.48-0.82 7.50 <001 O 1.8(2)
Pregnancy loss[46,47] 2 0.67 0.44-090 5.76 <001 O
Post-traumatic stress [29] 1 0.29 0.24-0.82 1.07 .28 N/A
Control condition
http://www.jmir.org/2017/4/e138/ JMed Internet Res 2017 | vol. 19 | iss. 4 [e138 | p.91

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Lauetd

Subgroup analyses Number of Effect 95%Cl  Z-dtatistics P Heterogeneity,  chj-square, x2 (df),
comparisons  size, d 12 (%) comparison

Waitlist [29,31,46,47] 4 065 045085 6.39 <001 16 09(2)
Treatment as usual [28,30,32] 3 059 040078 6.14 <001 O
Waitlist and treatment as usual 1 084 035133 334 <001 N/A
[33]

Typeof iCBT
Behavioral activation [30,32] 2 056  0.37-0.76 5.62 <001 O 0.9(2)
Cognitive behavioral therapy 6 0.69 0.51-0.87 7.62 <001 O
[28,29,31,33,46,47]

Number of sessions
< 8 sessions [28,31,46,47] 4 073  0.52-093 6.96 <001 O 14(1)
> 8 sessions [29,30,32,33] 4 057 0.40-0.74 6.45 <001 O

Professional support
Exclusive therapist support 5 0.65 0.47-0.84 6.92 <001 O 01(1
[29-31,46,47]
With self-help component 3 0.62 0.43-0.80 6.39 <001 O
[28,32,33]

8 CBT, Therapist-supported I nternet-based cognitive behavioral therapy.

Discussion

In this meta-analysis, the efficacy of the therapist-supported
iCBT on stress, anxiety, and depressive symptoms during the
postpartum period was searched through 10 databases. This
study included 8 RCTsinvolving 1523 postpartum women using
iCBT across 6 countries. The results revealed that iCBT
significantly improved stress (d= 0.84, n=5), anxiety (d= 0.36,
n=6), and depressive symptoms (d= 0.63, n=8) of the
intervention group compared with those of the control group at
post-intervention.

Quiality of the Evidence and Potential Biases

Data were independently extracted, checked, and entered. The
methodological quality of the eligible studieswasrated to assess
the subjective bias. The overal methodological quality of the
studies included in the review was mixed. All studies used
methods that we judged to have low risk of bias to randomly
assign participantsto either the intervention or the control group.
This result was due to the selection criteria for RCT. Thus,
RCTs prevented selection bias and were insured against
accidental bias. All studies achieved adequate allocation
concealment. Therefore, participants were unlikely to have
selection bias.

A potentially important source of biasin thismeta-analysiswas
that only 12.5% (1/8) of the studies achieved the blinding of
participants and personnel. Concealing treatment conditions
from participants was impossible because of the control
conditions used (eg, waitlist). The results might be influenced
by performance bias as concealing of treatment conditions was
not possible. Only 12.5% (1/8) of the studies achieved effective
blinding of outcome assessment, perhaps primarily owing to
the characteristics of the interventions. Hence, a high risk of
detection bias remained possible for outcomes relying on

http://www.jmir.org/2017/4/e138/

self-report or objective outcomes by outcome assessors who
were not blinded to treatment allocation. The overall effect of
the sample attrition had alow risk of bias in more than half of
the studies (62.5%, 5/8), which could improve the
generalizahility of findings and reduce attrition bias. All studies
reported outcomes in a pre-specified manner. Consequently,
the eligible studies did not give misleading results because of
the selective reporting of outcomes.

In addition, the attrition rates for the intervention and control
groups were widely ranged (0%-63.8%). Providing areminder
or tracking system at pre-specified times to intervention users
may reduce attrition and ultimately enhance outcomes [29].
Website contact system [29] and phone call [33] may be
employed to remind postpartum women to use the site, point
to helpful resources, or provide a connection with the treatment
team. Morethan half of thetrials (62.5%, 5/8) used ITT analysis,
which is an analysis method for solving non-compliance and
missing outcomes [56]. Therefore, half of the trials avoided
overoptimistic estimates of the efficacy of therapist-supported
iCBT by analysing outcomes according to original treatment
allocation rather than only for participants completing treatment
[56].

Therapist-Supported I nternet-Based Cognitive
Behavior Therapy

Consistent with a previous review [25], our finding revealed
that interventions initiated during the postpartum period were
effective. The mgjority of therapist-supported iCBT was using
cognitive restructuring as an essential element to identify,
dispute, and correct irrational or maladaptive thoughts [3]. In
our review, therapist-supported iCBT provides a feasible,
efficacious, accessible, and economically sound intervention
for postpartum women with depressive symptoms [28,30-33],
post-traumatic stress symptoms[29], and pregnancy loss[46,47].
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Therapist-supported iCBT may be particularly useful for
postpartum depressive women who struggle with issues of
stigma [30,32]. Therapist-supported iCBT helps women with
child-related traumatic event to avoid their fearful impulses,
thus helping them to decrease the level of fear experienced at
a given moment, and eventually help to confront their fears
[29]. In addition, therapist-supported iCBT evidently had great
practical significance for women with painful memory of the
pregnancy loss in order to improve stress, anxiety, and
depressive symptoms [46,47].

Our meta-analytic results found no significant difference on
anxiety and depressive symptoms using behaviora activation
[4] compared with other forms of CBT. This result suggested
that scheduling activities could behaviorally activate women
and help them to gain a sense of pleasure and improve anxiety
and depressive symptoms [4]. Contrary to previous findingson
the equivalent effect of support type for stress symptomsin a
meta-analytic review [13], our finding showed that exclusive
therapist support has a better effect than therapist support with
self-care component in the subgroup analysis. A possible
interpretation of this result is that the different attrition rates
reached 2.9%-60.8% by therapist support with self-care
components [28,32,33] compared with the 7.0%-31.3% rates
by exclusive therapist support [29-31,46,47]. This finding
supported the fact that exclusive therapist support was preferred
to reduce stress symptoms, whether by phone, email, text, or
interactive computer interface [10,11]. Our review highlighted
that support via website reminder or tracking [28], website
contact system [29], or phone calls [33] increased retention to
therapist-supported iCBT.

Efficacy of Therapist-Supported iCBT on Stress
Symptoms

The finding of this meta-analysis provided support for the
efficacy of therapist-supported iCBT on improving stress
symptoms with large effect size of 0.84. Thisfindingisinline
with arecent meta-analysisthat demonstrated amediumto large
effect of 0.72-0.82 of iCBT for post-traumatic stress [13].
Similar componentsand strategiesof iCBT possibly exist among
a homogenous dataset with comparable health care conditions
in both reviews. However, our result was contradictory with
another review [38] indicating inconsistent effects of —0.32 to
0.98. One possible explanation for this difference might be
linked to the different target population and health conditions
between our review (postpartum women with pregnancy loss,
depression, and post-traumatic stress) and those in the previous
review (antenatal, postpartum women, and partnerswith general
mental health, grief, stress, post-traumatic stress) [ 38]. Subgroup
analyses revealed a trend for the waitlist comparator to have
higher effect sizes than the TAU comparator for improving
stress symptoms. The observation echoed a previous review
that different control conditions led to substantively different
effect estimates and that waitlist comparator generated larger
effect sizes estimate than TAU comparator [57]. This finding
could be explained by the possibility of additional stressduring
waiting period because those among waitlist comparator could
not access intervention promptly, whereas those assigned to
TAU might actively seek additional support that could possibly
improve stress symptoms [57].

http://www.jmir.org/2017/4/e138/
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Efficacy of Therapist-Supported iCBT on Anxiety
Symptoms

Therapist-supported iCBT revedled significantly improved
anxiety symptoms with small effect size (d= 0.36), which was
different from the effect size of the three recent meta-analyses
among children (d= 0.69) [7], adults with anxiety disorders
(d=0.79) [10], perinatal women with mixed results indicating
both positive effect (d=0.51) and negative effect (d=—0.61) [38].
Thediscrepancy might be due to the difference popul ation with
specific health conditions between our review (postpartum
women) and those in the previousthree reviews (childhood and
adultswith anxiety disorders[7,10] or combination of antenatal,
postpartum women, and their partners [38]). Another possible
explanation was the substantial heterogeneity in the previous
meta-analysis (1=80%) [10] compared with homogeneity in
our review (17=0%). One possible explanation for the differences
could be high normative level s of anxiety during the postpartum
period [20] because of the conspicuous changes to the roles,
lifestyles, and responsihilities of the expecting mother [17].
Directly comparing the current findings wasimpossible because
the evidence was based on different populations with different
health condition. This result encourages future investigations.

Efficacy of Therapist-Supported iCBT on Depressive
Symptoms

Therapist-supported iCBT revealed significantly improved
depressive symptoms with medium effect size of 0.63 in this
review, which was better than the small to medium effect size
of 0.41[36] and 0.56 [37] among adult depression in the other
two reviews. This result was consistent with a previous
meta-analysis [38] that demonstrated a medium (d=0.55) to
large (d=1.03) effect of intervention for depressive symptoms.
The case might be linked to the number of includable trials,
types of samples, and variety of therapiesin the current review
compared with those in the three previous reviews[36-38]. Our
review used 8 trials, whereasthe previous meta-analytic reviews
employed 19 [37] and 12 [36] trials. These two reviewsincluded
very heterogeneous therapeutic treatments and samples with
substantial to considerable heterogeneity (1= 57%-81%)
[36,37] compared with homogeneity (1= 0%) in our review.
However, similar effect size between one previous meta-analysis
[38] and our review might be explained by overlapping with 4
eligible studies[30,32,46,47] in both reviews. Sincethe previous
review [38] did not report results of heterogeneity, it is hard to
give a direct comparison. The number of includable trials is
relatively few in the current review. Therefore, this aspect should
be further explored in future meta-analytic reviews.

The number of includable studiesfor the subgroup analysiswas
low in this review, limiting statistical power. The comparisons
were unbalanced. We did not find a significant difference
between other subgroups, which could be caused by power
problems. Further investigations are required.

Limitations

Severa limitationsexist inthisreview. First, apossible sampling
bias was evident because the majority of the participants were
self-selected on the basis of media-recruited participants rather
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than clinical samples. Such recruitment methods often rely on
theindividual’s motivation level s, which potentially correspond
to dlightly different demographics from those participants who
are recruited within community settings. Second, majority of
the outcomes were self-reported. Studies typically relied on
self-report measures and rarely included formal diagnostic
procedures at either recruitment or assessment. Asaresult, the
health conditions or outcomes might be overestimated or
underestimated. Third, relatively few trials were included in
thisreview. Therefore, we were underpowered to detect effects
for certain contrasts in subgroup analyses. Fourth, different
sessions of iCBT tended to report different effect sizes. Fifth,
only the short-term benefits of iICBT were investigated on the
basis of postintervention outcome measures. The maintenance
of benefits in iCBT remains unclear. Wide range of health
conditions (especially for stress symptoms, including general
and post-traumatic stress), high attrition rate, and broadly
defined range of interventions were also considered as
limitations of this review. Finally, this review only included
studies published in English, and al were conducted in
developed regions. The results may not be applicable to
marginalized groupsin developing regions.

Implications of Practice

This meta-analytic review extends the evidence of efficacy of
iCBT on stress, anxiety, and depressive symptoms among
postpartum women. As society becomes increasingly
comfortable with, and reliant upon, the use of the Internet for
routine health care, opportunities to apply iCBT tend to grow
continuously [8]. TheiCBT features distinct behavioral advice
and learnabl e skillsaccording to one’s own pace without stigma,
waiting times, or taking time off work [16]. Investigating
differential predictorsof outcomesfor another therapeutic format
is important. An enhanced understanding of the effective
components is necessary to appropriately inform future
evidence-based use of iICBT among postpartum women.

Implications for Future Research

Notably, the evidence of iCBT aims at preventive purpose that
employs group-administrated method and exclusive self-help
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approach among postpartum women are entirely lacking. Future
research is welcome. Further investigation is needed on the
relationships between the effects of iICBT and different periods
of intervention (ie, antenatal vs postpartum), health conditions,
and age groupsto inform potential iCBT procedures. Participant
characteristics may be directly or indirectly associated with
attrition rate through avariety of mechanisms, such asliteracy,
familiarity with technology, personal preferences, and
engagement maintenance. This review revealed that different
supportive types might affect the different stress symptoms.
Ironically, the concept of support isnot fully investigated in the
literature [36], and we cannot exclude the possibility that some
forms of support can be automated. The concepts of support
must be further investigated. Although the effects are superior
in exclusive therapist support, determining the optimal levels
of support is the next issue. The roles of therapist factors,
different types of professionals, and support of professionalsor
non-professional srequire further examination. Further rigorous
trials based on clinical populations using accurate diagnostic
assessment are required before therapist-supported iCBT can
be deemed effective for the postpartum population in accessing
regular clinical practice for improving stress, anxiety, and
depressive symptoms.

Conclusions

This meta-analytic review supports the efficacy of
therapist-supported iCBT for improving stress, anxiety, and
depressive symptoms at post-treatment with small to large
effectswithin arange between 0.36 and 0.84. A one-size-fits-al
approach is unlikely to succeed considering the complexities
and idiosyncrasies of specific health conditions. Future studies
should establish the effective components, format, and approach
of iICBT with optima levels of human support. Adequate
number of sessionsand suitable duration during the postpartum
period using appropriate functionality, interactivity, multimedia,
and communication modes are important to maximize a
long-term effect of iCBT among postpartum women.
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Abstract

Background: The delivery of mobile health (mHealth) services is acceptable to mental health consumers. However, despite
the benefits of accessibility, cost-effectiveness, anonymity, and ability to tailor content to individual needs, consumer engagement
remains a hurdle for uptake and continued use. This may be unsurprising as few studies have examined app content from the
consumer perspective or assessed consumer preferences for the content of apps for mental health management. An opportunity
to examine consumer perspectives exists in using naturally generated data that is publically available in the Google Play and
Apple app stores. Whereas commercial developers routinely use this data, to date there has been no in-depth evaluation within
scientific research.

Objective: The aim of our study was to explore what consumers consider useful content for mental health management apps,
identify unmet needs, and understand user expectations of mental health apps within the context of apps for bipolar disorder.

Methods: Publically available English language consumer reviews of 48 apps for bipolar disorder were used as data, providing
atotal of 2173 reviews. Review text was coded and analyzed using a team approach to qualitative content analysis. Results were
presented in 2 forms: (1) a quantitative summary of the 9 major and minor themes and (2) a qualitative synthesis of key thematic
findings.

Results: The majority of reviews were for symptom monitoring apps (87.94%, 1911/2173). The qualitative content analysis
revealed 5 main themes: (1) laudatory talk, comments regarding the app's benefits including hel pfulness and successful design
features (74.00% of reviews, 1608/2173); (2) unfavorable feedback, negative reviews largely concerning unmet needs, privacy
and technical issues, and potential dangers of app use (25.54%, 555/2173); (3) conceptions of community, referring to both
communities of users with mental ill-health accessed via the app and a community created among app users and developers
(24.25%, 527/2173); (4) wishlist features, app features requested by users (17.53%, 381/2173); and (5) apps and therapy, app
use within clinical care (10.58%, 230/2173). Four minor themes were also identified: (1) app cost, (2) privacy and data security,
(3) comparisons with traditional monitoring, and (4) evidence-based mHealth.

Conclusions:  Although mostly positive, the proportion of reviews containing wishlist requests indicates consumer needs are
not adequately addressed by currently available disorder management apps. Consumers value content that is helpful, supportive,
and easy to use, and they are integrating apps into their health management and clinical care without necessarily considering the
evidence-base or clinical effectiveness of the tool. User expectations regarding developer responsiveness to their needs has
implications for community-based participatory research and integrated knowledge translation. However, this expectation is
incompatible with current mHealth funding structures.

(J Med Internet Res 2017;19(4):€105) doi:10.2196/jmir.7273
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Introduction

The delivery of maobile health (mHealth) servicesis acceptable
to mental health consumers [1,2]. Among the advantages of
mHealth cited by consumers are convenience, the ability to
identify triggers to mood states, and reducing isolation [1].
Furthermore, preliminary research indicates that the use of
mHealth to facilitate symptom monitoring is acceptable to
individualswith bipolar disorder [3]. Harnessing these qualities,
smartphone apps have the potential to provide a platform for
intervention and support for mental health conditions. Sincethe
debut of the app storein 2008, the number of health and mental
health apps available has risen exponentially [4]. However, no
research has examined consumer perceived usefulness of apps
for bipolar disorder management. This is despite the fact that
apps may be uniquely suited to the condition; as active
self-management iscritical for bipolar disorder, with individuals
reporting symptom monitoring and personal pattern
identification as essential to disorder management [5,6].

A recent assessment of such mHealth tools developed for the
disorder [7] found none demonstrated efficacy in reducing
symptoms, preventing relapse, or facilitating disorder
management. Moreover, few apps provided information
grounded in evidence-based practice or adhered to clinical
resourcesfor disorder management. This has been further noted
in mHealth research generally [8], with poor integration of
evidence-based recommendations across apps for health [9,10]
and mental health [11-13] conditions.

However, research beyond app evidence-base or efficacy is
scant. Few studies have examined mental health apps from the
consumer perspective or assessed consumer preferences
regarding app content specifically for disorder management.
This lack of attention to the consumer perspective may in part
contribute to the modest app use statistics reported by several
industry surveys. A US consumer survey found that 26% of
health apps are abandoned after first use and overall 74% are
discontinued within 10 uses [14], with engagement, finding a
better app, and usability the main reasons for discontinuation.
Similar research suggests only 5% of apps maintain continued
use over a month after download [15].

Therefore, while delivery of resources and interventions using
mobile technology employs the benefits of accessibility,
cost-effectiveness, anonymity, and ability to tailor content to
individual needs, consumer engagement remains a hurdle for
uptake and continued use. An examination of consumer’s
perspectives of appsisthereforeacritical first steptoimproving
the utility of such resources. The opportunity already exists to
examine consumer perspectives using naturally generated data
that is publically available in the Google Play and Apple app
stores. App users provideinformation about featuresthey value,
need, and dislike when they chooseto review the appsthey use.
App developers ensure they are meeting user expectations by
examining review content [16] but to date there has been no
comprehensive eval uation within scientific research.

http://www.jmir.org/2017/4/e105/

In this paper, we perform a qualitative analysis of user reviews
in order to (1) explore what app content users consider useful
for bipolar disorder management and identify unmet needs, (2)
understand user expectations of disorder management apps, (3)
examine how apps for the disorder are being used, and (4)
determine if users' perspectives on current apps are consistent
with scientific evaluation. Using qualitative methodology, we
examine the main themes within user reviews and discuss the
implications of these perspectives for app development and
clinical practice.

Methods

Data Collection

The study used publicly available data. User review inclusion
was restricted to the reviews of 82 apps previously investigated
in astudy of app content [7]. Detailed methods of app selection
and assessment are outlined in Nicholas et a [7]; in brief, apps
were identified by a search of the Google Play and Apple app
stores using the following bipolar related search terms: bipolar,
bipolar, “manic depression,” “mood swings,” “mania’ and
“mood,” cyclothymia, and cyclothymic. Appswith descriptions
stating they were useful for the disorder, targeted at consumers
or carers, and available in English were included in the study.
All English language reviews submitted up to December 31,
2015for the 82 appsincluded in Nicholaset al [ 7] wereincluded
in the analysis.

Android reviews were collected using a data extraction script,
which included the text of the review, star rating given, and
review date, aswell as app detailsincluding name, package ID,
and cost. Apple apps reviews were transcribed by hand,
extracting the sameinformation. Although reviewerswere often
logged into an Apple or Google Play account when reviewing
an app, to maintain anonymity, no data about the review author
was collected. For this reason, direct quotes within text and
illustrative examples in Multimedia Appendix 1 have been
minimally amended to preserve this anonymity, without
changing the intent of the review. Reviews were transcribed or
exported into Excel, cleaned and formatted, and then imported
into the qualitative data management program NVivoll (QSR
International 2016) for analysis. The study received ethical
approval from the UNSW Australia Human Research Ethics
Advisory (Protocol number: HC14358).

Data Analysis

App and Review Characteristics

Categorization of app function (eg, symptom monitoring)
followed categories assigned to appsin Nicholaset al [7], which
were determined by an extensive analysis of app content.
Descriptive statistics were used to detail app price, number of
reviewed apps, and number of reviews per app platform and
app function. Average user-star rating by themeswas calculated
using NVivoll.
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Qualitative Analysis

Data from the reviews were described using qualitative content
analysis techniques [17,18], following a “conventiona”
approach, as is indicated for fields of research where existing
theory is limited [17,18]. Content analysis was chosen for its
strengthsin systematically categorizing and summarizing large
volumes of text-based data, and the ability to assist in
interpreting patterns occurring in the text, with attention given
to the context from which sample datais drawn [19]. We used
a deliberately broad operationalization of qualitative content
analysis, inlinewith previousresearch [17,20,21] which asserts
that data derived from content analyses can be reported
qualitatively without presenting full “counts’ or statistical
analysis. However, in recognition of more traditional and
narrowly defined approachesto content analysis[22,23], we do
present abrief quantitative summary of key featuresin the data.

Our approach to the analysis followed established coding
techniques[24] over 3 broad phases: (1) immersion in the data,
(2) reduction of the data through systematic coding and
generation of themes, and (3) interpretation of the findings.
Given the paucity of content analyses of consumer perspectives
on app technology, the analysis used an inductive approach to
developing a coding framework [25,26].

A preliminary sample of 10 pages of reviews was randomly
selected to ensure adequate coverage across the dataset. Three
coders (KB, JN, and AF) immersed themselves in the data by
reading and rereading extracted reviews, followed by
independently generating first stage concepts, or “main ideas”
detected in the text. These main ideas were then compared
among all 3 coders to check for similarities and differences
before tentative agreement was reached regarding appropriate
coding categories for the main ideas. These main ideas formed
the basis for the quantitative component of the content analysis
and are reported in the Results section as“ magjor themes” if they
were present in more than 10% of all reviews, or as “minor
themes” where they were not [27]. Given the volume of data
generated by over 2000 reviews, quantitative reporting of the
content analysiswas restricted to these major and minor themes.

Two coders (N and AF) then selected another sample of 60
reviews to code in common, and 60 reviews to code
independently. At this stage, the previoudly identified major
and minor themesweretested and potential subthemesrelevant
to each of the major themes wereidentified. The team then met
to discussand agree upon afinal coding framework to be applied

http://www.jmir.org/2017/4/e105/
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to the remaining data. Detailed descriptions of the microlevel
codes related to major, minor, and subthemes were generated
in consultation with the study team. All remaining reviewswere
then evenly divided and coded line-by-line by 2 coders (IN and
AF), who regularly checked in to resolve any coding disputes
or discuss new codes detected in the data. Upon completion of
coding, the coding framework was then applied to the original
samples, which were then reintegrated into the dataset. Coders
then met to refine reporting of results, including synthesizing
information coded under each of theidentified subthemes. Thus,
results of the content analysis are reported as both a broad
guantitative summary of the 9 major and minor themes[28] and
a more descriptive qualitative summary of key findings in the
subthemes [17].

Resear ch Rigor

We attended to research rigor in multiple ways, with specific
emphasis on prolonged engagement with the data [29,30]. In
our qualitative reporting, we established confirmability of results
via consistent team debriefing related to the description and
definition of themes and subthemes [30]. A second check
involved both coders independently synthesizing key findings
in the same subthemes, before comparing results. This process
was repeated for three themes, before both coders devel oped
an acceptable level of similarity in their approach. The
remaining subthemes were then divided evenly between the 2
primary coders to report. For our quantitative reporting,
intercoder reliability was assessed by using a random number
generator to select 217 (10.00%, 217/2173) reviews to detect
kappa with a null value of .40 at 90% power [31]. Each coder
assessed the mgjor and minor themes in each review and
agreement between coders was calcul ated.

Results

Sample

Of the 82 eligible apps, consumer reviews of 48 apps were
included in the analysis; 37 Android apps and 11 iOS (see
Multimedia Appendix 2). Of the 34 excluded apps, 12 were no
longer availablefor download, 21 had no reviews, and oneapp’s
reviews were excluded as the app related to general health and
reviews were unrelated to bipolar disorder. In total, users
reviewed the 48 apps 2173 times (Figure 1). Reviews were
submitted over a 10-year period, from July 13, 2005 to
December 31, 2015, with the majority submitted after January
1, 2011.
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Figure 1. Prismaflow diagram of reviewsincluded in the analysis.
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Apps for bipolar disorder reviewed
by Nicholas et al (2015) (n=82)

Apps excluded, with
reasons (n=34)

App no longer available to

Y

download (n=12)

Apps included in user review
analysis (n=48)

App not reviewed (n=21)

App’s reviews unrelated to

bipolar disorder (n=1)

Reviews included in qualitative
analysis (n=2173)

Description of Apps and Reviews

Thirty-six (75%, 36/48) of the included appswere free, and the
average cost of paid apps was Aus $4.37. Just over half (52%,
25/48) were categorized as symptom monitoring, which
accounted for 87.94% (1911/2173) of total reviews. Thirteen
apps provided information about the disorder and had 122
reviews (5.61%, 122/2173). Very few apps and reviews related
to screening, community support, or treatment provision (See
Table 1). The majority of reviews (89.46%, 1944/2173) were
for Android apps.

Table 1. Number of apps and reviews by app function.

Five major and four minor (present inlessthan 10% of reviews)
themeswereidentified in the data (Table 2). Table 2 also reports
the percentage of reviews rated over 3 stars for each theme.
Examples of subthemes identified within major themes and
minor themes are displayed in Multimedia Appendix 1. Pertinent
subthemes are discussed in further detail and were selected
where results related to pragmatic implications for: clinical
practice, design and devel opment of app technology, and future
research.

Reviews (N=2173), n (%) Average reviews per app

App function Number of apps with reviews (n=48)
Symptom monitoring 25

Information 13

Screening and assessment 6

Community support 3

Treatment 1

1911 (87.94) 7350
122 (5.61) 9.38
73 (3.36) 12.17
63 (2.90) 21
4(0.18) 4
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Table 2. Prevalence of major and minor themes identified in the data (categories not exclusive; N=2173).

Themes

Reviews, n (%) Reviews above 3 star rating, n (%)

Major themes
1. Laudatory talk
2. Unfavorable feedback
3. Community
4. Wishlist
5. Apps and therapy
Minor themes
1. App cost
2. Privacy and data security
3. Comparisons with traditional monitoring
4. Evidence-based mHealth

1608 (74.00) 1501 (93.35)
555 (25.54) 150 (27.03)
527 (24.25) 411 (77.99)
381 (17.53) 295 (77.43)
230 (10.58) 214 (93.04)
149 (6.86) 78 (52.35)
138 (6.35) 77 (55.80)
26 (1.20) 25 (96.15)
5(0.23) 5 (100.00)

Resear ch Rigor

Intercoder reliability for the 9 magjor and minor themes was
strong, with almost perfect agreement for the themes laudatory
talk (kappa=.838, P<.001, 95% CI 0.736-0.940), unfavorable
feedback (kappa=.882, P<.001, 95% CI 0.808-0.956), and app
cost (kappa=.85, P<.001, 95% CI 0.683-1.017). Substantial
intercoder agreement was observed for 3 major themes: wishlist
(kappa=.741, P<.001, 95% CI 0.629-0.853), apps and therapy
(kappa=.714, P<.001, 95% CI 0.528-0.900), and privacy and
datasecurity (kappa=.701, P<.001, 95% CI 0.593-0.989). There
were moderate levels of intercoder agreement for community
(kappa=.493, P<.001, 95% CI 0.350-0.636). Perfect agreement
was observed for comparison with traditional monitoring
(kappa=1, P<.001), and both coders agreed that none of the
randomly selected reviews contained any reference to the
evidence-based mHealth theme.

Major Theme 1: Laudatory Talk

Almost two thirds of reviews featured positive commentary
about the app. However, positive reviews often included a
contrasting statement, most commonly arequest for additional
features, for example, “1 love this, but...] want the ability to
typelonger notes” Positive reviewswere often general in nature
and did not provide specific details regarding which aspects of
the app were highly valued, though “ease of use’ heavily
featured. Two main laudatory subthemes are discussed: (1.1)
helpfulness and (1.2) successful design.

Subtheme 1.1: Helpfulness

Many positive reviews indicated that the app was helpful, but
did not specify exactly how. Of the reviews that did elaborate,
the app assisted in two interrel ated areas—keeping track of and
gaining insight into moods. Whereas mood was the main
symptom monitored, reviewers used the appsto monitor arange
of factors including sleep, medication, and episode triggers.
Gaining insight into mood was often attributed to the app’s
ability to provide anincreased understanding of affect changes,
including identification of mood triggers or establishing duration
of and variationsin mood. For some, thisinsight was otherwise
occluded by mood state, for example, “ It can be hard to see

http://www.jmir.org/2017/4/e105/

when you'reinit” A few users spoke about gaining control of
their mood through app use and identified that understanding
and insight brought power and self-efficacy, for example, “This
helps me predict and deal with mood changes. | can prepare
for down moods and reassure myself that these feelings are
normal for me at the time and that it will pass!”

Subtheme 1.2: Successful Design

Many reviews were complimentary of the app’s features or
overall design. A commonly described positive app feature was
ease of use—simple, easy, intuitive, and quick to learn, for
example, “ | like this app. It's easy to use, and that means I'm
more likely to useit” When specific app features were praised,
these were similar to features requested within major theme 4,
wishlist (shown in Table 3). Most commonly praised features
were symptom monitoring options, provision of graphs and
analysis, reminders, and the app’sinterface.

Major Theme 2: Unfavorable Feedback

Negative comments were present in just over a quarter of
reviews and mostly concerned overall app design and
functionality. Here, general commentswereless common, with
negative reviews concentrating on 3 key areas: (2.1) app content
or features not meeting user needs; (2.2) deal breakers, features
that prompted users to cease using an app, or technical issues
that interfered with app use; and less commonly, (2.3) the
potential for apps to precipitate or worsen distress.

Subtheme 2.1: Features Not Meeting User Needs

A recurring complaint concerned the lack of fit between user
experience of symptoms and available features. This was
particularly evident where reviewers self-identified as having
“rapid-cycling bipolar disorder” and reported mood fluctuations
throughout the day, not adequately captured by once-daily
monitoring options. Besides wanting to track more frequently,
many also wanted to select from a more extensive range of
feelings, symptoms, or behaviors, for example, “ Thereisavery
very small mood selection. Just moods like ‘happy, sad,
depressed’ nothing like ‘ disappointed, irritated, proud’ which
are important” Similarly, though not as common, were
complaints about the inability to customize monitoring scales,

JMed Internet Res 2017 | vol. 19 | iss. 4 |€105 | p.103
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

for example, “Grr. The scale goes 0-10, but instead of O being
very anxious and 10 being very calm, its 0-10 anxiety...with the
middle marked as ‘normal’”

Subtheme 2.2: “Deal Breakers’ and Technical | ssues

The aspects of apps considered deal-breakers were repeatedly
mentioned. The mgjority of “deal breakers’ involved concerns
about privacy or technology failure. Users aso discontinued
use when available options were inadequate, the app used too
much data or processing power, or when tasks were too
burdensome, for example, “ Too complicated to do when sad”

Occasionally, reviews referred to inaccurate or unclear app
content, lack of instructions, difficulty learning phone gestures
(eg, tap and hold), or advertising as reasons for discontinuing
use.

Similarly, technical issuesthat interfered with app use featured
prominently in negative reviews. For example, inactive export
features; appsthat crashed, lost data, froze, did not load content,
or would not download; apps that were slow, unresponsive, or
unavailable offline; apps without developer support; and apps
that were buggy or “glitchy.”

Subtheme 2.3: Potential to Precipitate Distress

Less commonly, reviewers were disparaging of apps they
thought could potentially cause or exacerbate distress via
provision of poor information or failure to consider vulnerable
users. Some noted that app devel operslacked necessary clinical
expertise, for example, “ Thispersonisa quack not a dr...unsafe
and irresponsible” Some did not specify the perceived danger
but noted the app had the capacity to harm help-seekers by
attracting them with promisesthat the app failed to deliver. Less
commonly, usersdescribed feeling more distressed or frustrated
after engaging with the app, for example, " Of courseit’s because
of mood swings that one gets a mood app. So imagine what
happens when the first time trying to open the app it doesn’t
work!!!

Major Theme 3: Community

About a quarter of al reviews referred to feeling part of a
“community” that extended well beyond the apps. Generally,
community referred to (3.1) a wide interactive community of
app users (actual or potentia) and developers or (3.2) a
Web-based community accessed viathe app.

Subtheme 3.1: An I nteractive Community of App Users
and Developers

Within the app use community, reviews often directly addressed
app developers, most commonly to thank, encourage, or make
requests. At times, requests were “incentivized” with reviewers
promising improved star ratings or donationsin return for added
features or fixes. There was also an emphasis on devel oper
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responsiveness, with reviewers pleased when concerns raised
with developers were addressed. Less frequently, reviewers
expressed confusion over the apps intended function, or
guestioned the developers' expertisein creating amental health

app.

The community of other app users was referenced during
interactions with developers, to support and backup requests,
for example, “My manic brothers understand the need to write
paragraphs at times. Pleasefix this” This sometimes extended
to referring to another user’s review as evidence of a shared
need. The community was not restricted to those with bipolar
disorder, extending to any potential users, with many reviews
including opinions about the apps usefulness to subgroups of
individuals with mental ill-health. Although they were mostly
positive about who would benefit, some reviews served as a
warning to others about inadequate privacy or potentialy
harmful content.

Subtheme 3.2: App-Accessed Web-Based Communities

Reviews related to Web-based communities typically referred
to their benefits. Some reviewers reported that they gained help
from interactions with other users, viewing it as a resource to
improve their mood when depressed, for example, “ It helps
when you're feeling low” The major benefit discussed was a
normalizing experience, with reviewers gaining a sense of
connection and understanding through communicating with
otherswith mentad ill-health. Thisunderstanding through shared
experience was often expressed as something that was difficult
to accessin other aspects of life, for example, “ It helps get your
problems out if you can't tell anyone else’ The direct or
immediate support gained through Web-based communities
was often reci procated, with users providing encouragement to
others.

However, not all found community interaction positive. Some
expressed an unwillingness to have strangers privy to their
experience of the disorder, for example, “I really don’t want
theworld to know how | feel” Thefew negative reviews among
those eager to engage with a community concerned the
unresponsiveness, coldness, or immaturity of other users.

Major Theme 4: Wishlist

Approximately one in five reviews included a wishlist
suggestion, that is, features reviewers thought would improve
their app experience or health management. Reviewers made
both direct requests for app changes and requested the ability
to customize, with direct requests more common. Wishlist
requests are displayed in Table 3; requests for tracking options
were the most prevalent. Of the 34 additional symptoms
requested for tracking, sleep was the most common.
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Table 3. Requested features of apps for bipolar disorder.
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Request frequency Feature requested

Highly requested features
Multiple entries per day
Export data
Graph changes

Customizable symptom tracking

Additional tracking categories; sleep, medication, diet, mood triggers, exercise, anxiety, substance use

Reminders

Edit or delete inputs

Longer section for notes

Mood scale range or options
Minimally requested features

Information backup

User interface changes

Social interaction capability

Between app integration

Sync across devices

Personal identification number or password security

Major Theme 5: Appsand Therapy

About one in ten reviews mentioned using apps in partnership
with clinical services. Generally, these were (5.1) perspectives
of app usersand aminority of health care practitionerswho saw
the potential clinical utility of appsor (5.2) perceived therapeutic
effects of app use.

Subtheme 5.1: Using Apps With Clinical Care

Commentswere contributed, in the main, by app users, followed
by a minority of hedth care practitioners (HCPs). HCPs
indicated they were either recommending apps to clients or
evaluating apps with a view to making recommendations in
future. For HCPs, apps were another tool that could help their
clientsdevelop insightsinto their moods, triggers, and behaviors,
provide feedback; and facilitate between session symptom
management.

Consumers agreed that apps were a useful adjunct to clinical
care, though sometimes for different reasons. Whereas users
also mentioned “insight,” they reported that apps could help
their HCPs gain greater insight into their experience of the
disorder. For example, apps could relay their experience with
mood swings, for example, “This app has helped me and my
clinician both better understand my mood changes,” responses
to medication and general progressto guide treatment decisions
based on a more “accurate” record of their symptoms. The
concept of accuracy was recurring, with apps taking the onus
off memory and in turn improving communication with their
HCR for example, “I can't remember what brings on my bipolar
episodes and this allows me to accurately tell my psychiatrist
how my moods have been” To facilitate this communication,
many commented on the capacity (existing or desired) for apps
to export data to show HCPs. An increased likelihood of
participating in between session activities was also expressed,
for example, “ Can now do my therapy homework” Finally,

http://www.jmir.org/2017/4/e105/

there was a sense that in sharing apps with their HCP, they
might be helping othersin similar situations.

Rarely, reviews identified the ability of apps to support family
care. These reviewers used apps to monitor behavior or
symptomsin their partners, children, or other family members
not restricted to bipolar disorder.

Subtheme 5.2: Therapeutic Effects of App Use

A few users indicated the app itself had a therapeutic effect,
positively affecting mood or well-being. Being ableto see mood
changes was reported as a motivator to do well, particularly if
this data was visible to or shared with others. A few reviewers
developed a therapeutic aliance or partnership with the app.
Typicaly, these reviews alluded to working on mental health
“together” with some reference to receiving support from the
app, for example, “ We have made it through thick and thin
together”

Minor Theme 1: App Cost

The minority of reviews that referenced app cost were varied
in nature. Reviews indicated a willingness to pay for one-off
donations, “pro” versions, removal of advertising, and
overwhelmingly, a good product. “Good products’ were easy
to use, aesthetically pleasing, worked seamlessly, integrated
with other software, or synced to other devices, and importantly,
contained features deemed “ useful” or “helpful " Whereas many
that had purchased apps indicated that it was worth it, those
who disagreed often used strong language, for example, “1 feel
likel’ve been swindled” Cost influenced app expectationswith
reviewers using price as a guide, for example, “ For the price
it really needs improvement” or “Good for a freebie’ In
general, negative reviews related to app prices were largely
complaints about paying for features or services not received
(eg, poor tech support or apps that crashed or froze).
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Minor Theme 2: Privacy and Data Security

Similarly, a minority of reviews related to app privacy or data
security. Data privacy and security was generally conceived of
interms of handset access, with most commentsrelated to using
a personal identification number, login, or password to secure
access to the app and data stored within it. Generally, people
supported these approaches. Other comments concerned cyber
access, permissionsrequested by the app in theterms of service
use, with main concernsregarding data storage practices or data
sharing with third parties, for example, “1 began to feel that this
app was a useless little spybot”

However, most comments about privacy were generated in
response to one particular app, which was designed so that the
mood journal was public by default and made private by upgrade
purchase.That is, user entries could be seen and commented on
by other app users, as part of a Web-based community, unless
users paid Aus $1. This approach uncovered conflicting
perspectives. Contrasting views surrounded which should be
default, public, or private entries, with some stating that privacy
should be default, for example, “ Already a stranger commented
on my mood...it's no-one’'s business! I'm uninstalling this
app—imagine if my stalker found it!” Others were open to
sharing persona information and highlighted benefits of the
community created (eg, finding support). Linking privacy to
app cost was a so contentious. Some usersreported that privacy
was aright, and therefore, not for sale, whereas others felt that
privacy wasworth paying for and, in this case, wasinexpensive.
For those who objected to linking privacy and price, the
language used was notably strong, for example, manipulative,
cruel, terrifying, offensive, greedy, unethical, extortion, black
mail, morally wrong, and intolerable.

Minor Theme 3: Comparisons With Traditional
Monitoring

A small minority of reviews addressed the benefits of app-based
tools over traditional paper and pencil resources. Benefits
included increased access, ease, and convenience, leading to
increased reliability, for example, “Loving the simplicity
compared to paper methods” Increased reliability was aso
linked to an app’'s ability to remind users to complete
monitoring, for example, “ I’ ve set a reminder so I'll definitely
fill it in daily” Although collectively positive, a few reviews
stated a preference for paper and pencil tools asthey were seen
as more advanced, or more secure, for example, “ | trust paper
and pen a little more”

Minor Theme 4: Evidence-Based mHealth

Minimal reviews commented on the evidence-base or scientific
quality of an app. Thosethat did referred to research or scientific
involvement or reference to well-known tools in devel opment,
or health professiona endorsement, asindications of app quality.

Discussion

Principal Findings
This is one of the first explorations of consumer perspectives

on currently available mHealth tools for mental health using
publically available review data. The mixed qualitative method
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employed here builds on previous approaches[32] and allowed
for both a quantitative summary of the main themes and
fine-gained exploration of important subthemes. Our data show
that user feedback on mental health apps could generaly be
summarized by 9 themes, with variation in their distribution
across the reviews. Reviews varied in length and specificity,
with many providing rich, detailed text with important consumer
perspectives on the potential for apps to be helpful tools for
mental health management.

The proportion of reviews containing positive and negative
themes was similar to previous results in genera apps [27].
When compared with reviews of apps that reduce harmful
drinking [32], reviews of apps for bipolar disorder were more
favorable. The main content of negative reviews reported here
also supports previous literature citing functionality issues, lack
of features, and crashing as the most common complaints
[32,33]. However, reviews were rarely restricted to one theme,
indicating that consumer needs and expectations about appsare
complex and multidimensional, with no currently available app
providing a satisfactory balance.

The predominance of contrasting phrasesand “wishlist” requests
within the reviews indicate that consumer needs are not
adequately addressed by currently available apps for the
disorder, even given the generally positive reviews. Many of
the most requested features, for example, monitoring additions
and reminders, were highlighted previously as areas in which
apps failed to conform to evidence-based practice [7]. A
comprehensive review of the features and scientific quality of
the same apps noted that 65% had inadequate mood scales and
reminder features were often absent or not functioning as
intended [7]. These examples highlight failure to trandate
scientific best practice and consumer considerations into
satisfactory and functional appsfor self-management and likely
reflect the high proportion of private, individual, or corporate
developers [7]. However, user requests also extended beyond
features present in clinically used self-management resources,
indicating a need to balance user preference and clinical
relevance.

Degspite these unmet needs, reviewers were largely positive
about the apps, valuing content that was supportive, helpful,
and easy to use. However, sustaining such helpfulness and
engagement throughout an episodic condition represents a
specific challenge. The prevalence of reviews that referred to
community demonstrates the importance of connectedness and
socia support in managing mental health, aswell asthe potential
for Web-based communities to provide that support. Although
previous research has been inconclusive about the benefits of
Web-based communitiesfor health problems[34,35], our results
indicate that consumers perceive benefits, even when the
community had not been sought. This concords with research
in which consumers emphasize the importance of support
obtained through app communities [32]. Consumers reported
that app communities were normalizing, supportive, and
mutually beneficial, something that has been established in other
health problems [36]. Users who gained understanding and
support from community members often spoke of providing
similar support to other users. Indeed, reciprocity has been noted
as an important aspect of the social nature of self-management
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and thus, app communities have the potential to provide this
support to individuals who may otherwise not receive it [37].
Furthermore, asmental health related stigmaiswell documented
and interferes with people’s willingness to access support and
mental health services[38,39], apps with associated Web-based
communitiesmay in part removethisbarrier to support by being
anonymous, ubiquitous, and inexpensive.

Although the overwhelming majority of reviews about
community discussed the understanding supportive environment
created, the potential for negative experiences requires
acknowledgment. Many expressed unwillingness to discuss
their mental health with others, emphasizing that community
elements should be upfront and engagement optional. Indeed a
review of Web-based health communities posited that willing
engaged participants were necessary for communities to be
beneficial [35]. Active participants may also reduce incidences
of disappointment and distress expressed after not receiving
support when reaching out. Although, negative effects of studies
involving Web-based communitieswere not reported [35], such
lack of support when solicited could potentially enhancefeelings
of stigma and isolation commonly experienced by those with
mental health disorders[40]. Given the potential for supporting
those in need, but also possible negative effects, it is crucia
that thisbalanceis considered during app development and that
apps are derived, where possible, from a clear evidence-base
and best clinical practice.

Although this need for established efficacy or evidence-informed
content in mHeath tools for mental health is widely
acknowledged by mHealth researchersand clinicians[7,41-43],
discussion of scientific quality was strikingly absent from
consumer reviews. This could represent genuine disinterest in
the scientific basis of mental health apps, or could reflect alack
of health app regulation knowledge among consumers. With
most apps classified as health and fitness or medical [7], there
may be an assumption that they are on the app store because
they “work.” In this case, a reviewer would discuss scientific
quality only if an app obviously violated that assumption. Due
to the growing number of apps for mental health [4], it is
imperative that consumer “app-literacy,” knowledge regarding
evidence and data privacy of apps, is understood. This
understanding is vital for successful knowledge translation of
evidence-based mHealth tools and requires that future research
investigate consumer knowledge about app use for mental
health. Thereisa so aclear rolefor researchersto devel op better
communication and advocacy regarding clinically effective apps
built on robust scientific data.

A further user expectation elucidated in the analysis was that
developers would address their needs and perspectives. This
was an implication of the wider community of other app users
(active or potential) and developers that was identified around
apps. Previous research reinforces the importance of devel oper
responsiveness, reporting that devel opers who respond to user
reviews receive a 1-point increase in star rating, approximately
a third of the time [44]. This conception of community has
important implications for community-based participatory
research and knowledge trandation. Whereas currently this
interplay between users and developers is occurring after an
app’s deployment, acknowledgment by the user base that they
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have useful knowledge regarding app features and disorder
management, highlights the potential for engaging consumers
throughout the development process. Consumer participation
in design has obvious advantages for the resulting app’sfunction
and uptake and use by the target community [45,46].
Furthermore, consumer involvement in the delivery of services
can effectively support recovery, with related benefits in
consumer empowerment, socia inclusion, satisfaction with
services provided, and well-being [47,48]. Capitalizing on this
potential in Web-based service delivery is an important avenue
for future research, with consumer involvement actively
recommended [47]. Such recommendations have recently been
echoed by The International Society for Bipolar Disorders
working group on consumer research involvement [49].

In keeping with the concept of meaningful partnerships, severa
reviews contained information related to routine clinical
management, as frequently, disorder specific appswere not used
independently. Reviewers used appsto inform and support their
relationship with their HCP, with emphases on improved recall
and feeling better understood during clinical appointments.
Many reported that sharing app data with their HCP helped to
represent their lived experience more fully, potentially
promoting greater therapeutic alliance [50]. Clearly, apps for
mental health are not viewed as replacements for clinical care,
but rather as useful adjunctsto treatment.

Whereas the potential of technology for scaling mental health
interventions and delivering mental health servicesisrecognized
for Web-based mental health resources [51], the recency of the
field and lack of an established evidence base mean such
initiatives have not extended to mHealth. Our results show that
apps are already used by consumerslooking for toolsto manage
their health, which supports anecdotal evidence that consumers
aredriving theintroduction of appsinto clinical practice. Little
research has explored HCPs' attitudes to the use of apps in
clinical care, yet current data indicate that some consumers
expect HCPs to be open to app use and some HCPs are already
attempting to determine the best available tools. Given the
current lack of evidence-based mHealth resources, there is a
clear need to support both consumers and HCPswith an interest
in using apps distinguish those of high quality.

Limitations

This study is not without limitations. The data used were
publically available existing text, rather than data gathered
through more exploratory methods, using more refined and/or
explicit questions. It is possiblethat there may be salient themes
for app development and disorder management that are elided
by the data gathering techniques used here, or that important
consumer attitudes have not been adequately captured. Similarly,
we cannot be clear about the needs or preferences of consumers
in the community who have no experience using appsto manage
their mental health. However, given richness of the data
contained in these reviews, the large number of reviewsrecorded
across multiple apps spanning more than five years, we can be
reasonably confident the findings reported here represent real
concerns held by consumersin the community. Future research
will need to further clarify and confirm that the themes reported
resonate with awider community of consumers and explorethe
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needs of those who have not previously engaged with mHealth
technologies.

Reviews of apps for bipolar disorder were restricted to apps
reported in Nicholas et al [7]. However, this methodology had
the clear advantage that the function and quality of apps
reviewed were known and consumer perspectives could be
compared with quality assessment. Nevertheless, we
acknowledge that in the time since this review, more apps for
the condition are likely to have been made available, therefore
potentially limiting study comprehensiveness. Finally, as the
app marketplace is dynamic and transforming [52], the apps,
their features, and opinions of consumers are subject to change.

Conclusions

This paper provides aunique perspective on consumer attitudes
and expectations toward mental heath apps, and hence,
represents an important contribution to the knowledge base in
the expanding research area of mHealth. Consumers value
content that is helpful, supportive, and easy to use, and they are

Nicholas et al

integrating apps into their health management without
necessarily considering evidence-base or the clinical
effectiveness of the tool. Such consumer insights are vital to
our ability to be competitive in the unregulated app store
environment but also reveal the need to balance user preferences
and clinical relevance. Indeed, integrated knowledgetrandation
strategiesinvolving consumersin al stages of mHealth research
may be critical to ensuring uptake and continued use, and results
indicate such research strategies would be acceptable to
CONSUMEXS.

The expectation of developer responsiveness has implications
for research app development and mHealth resource funding.
Currently funding awards do not account for resource
sustainability costs, a critical facet of existing and competing
in the dynamic app marketplace. To realize the potential of
mHealth to support self-management, increase access to care,
and provide mental health resources, a change in app
devel opment practices and funding structuresfor such resources
isrequired.
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Abstract

Background: Sleepisacritical aspect of people’s well-being and as such assessing sleep is an important indicator of aperson’s
health. Traditional methods of sleep assessment are either time- and resource-intensive or suffer from self-reporting biases.
Recently, researchers have started to use mobile phones to passively assess sleep in individuals' daily lives. However, this work
remainsinits early stages, having only examined relatively small and homogeneous populationsin carefully controlled contexts.
Thus, it remainsan open question asto how well mobile device-based sleep monitoring generalizesto larger populationsin typical
use Cases.

Objective: Theaim of this study was to assess the ability of machine learning algorithms to detect the sleep start and end times
for the main sleep period in a 24-h cycle using mobile devices in a diverse sample.

Methods: We collected mobile phone sensor data as well as daily self-reported sleep start and end times from 208 individuals
(171 females; 37 males), diverse in age (18-66 years; mean 39.3), education, and employment status, across the United States
over 6 weeks. Sensor data consisted of geographic location, mation, light, sound, and in-phone activities. No specific instructions
were given to the participants regarding phone placement. We used random forest classifiers to develop both personalized and
global predictors of sleep state from the phone sensor data.

Results. Using all available sensor features, the average accuracy of classifying whether a 10-min segment was reported as
deep was 88.8%. This is somewhat better than using the time of day aone, which gives an average accuracy of 86.9%. The
accuracy of the model considerably varied across the participants, ranging from 65.1% to 97.3%. We found that low accuracy in
some participants was due to two main factors: missing sensor dataand misreports. After correcting for these, the average accuracy
increased to 91.8%, corresponding to an average median absolute deviation (MAD) of 38 min for sleep start time detection and
36 min for sleep end time. These numbers are close to the range reported by previous research in more controlled situations.

Conclusions: Wefind that mobile phones provide adequate sleep monitoring in typical use cases, and that our methods generalize

well to a broader population than has previously been studied. However, we also observe several types of data artifacts when
collecting datain uncontrolled settings. Some of these can be resolved through corrections, but others likely impose a ceiling on
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the accuracy of sleep prediction for certain subjects. Future research will need to focus more on the understanding of people’s
behavior in their natural settingsin order to develop sleep monitoring tools that work reliably in all cases for al people.

(J Med Internet Res 2017;19(4):€118) doi:10.2196/jmir.6821

KEYWORDS
dleep monitoring; mobile phones; decision trees; classification

Introduction

Background

Sleep isintrinsically linked to many aspects of life, including
both physical and mental health [1]. The connection between
deep and well-being isbidirectional, where sleep disorders can
cause significant burden on a person’s life, and underlying
disease can manifest itself asdisruptionsaperson’sdeep. These
links manifest themselves in a number of facets of a person’s
health, from immune and metabolic effects [2] to disordered
deep patterns as a part of disease processes such as
schizophrenia, depression, or post-traumatic stress disorder
[3,4]. As such, sleep can provide a unique window into
monitoring, tracking, or treating disease processes, and be both
atarget and outcome of intervention [5]. Thus, monitoring sleep
isimportant.

Indeed, deep monitoring playsacritical rolein current clinical
practice. Polysomnography, the “gold standard” for diagnosis
of deep disorders, monitorsavariety of signals over the course
of several nights, for example, electroencephalogram (EEG),
breathing, and muscle and eye movements, to produce adetailed
picture of a patient's deep patterns [6]. Ambulatory
polysomnography is a lower cost option than in-clinic
assessment and acquiring data from a person’s home
environment might better represent their typical sleep patterns
[7]. However, it is till expensive, time-consuming, and the
tools used for assessment might themselves interact with the
sleep behavior. Thus, for chronic sleep tracking, clinicianshave
typically relied on instruments such as dSleep diaries,
guestionnaires, and similar instruments [8]. These approaches
have several drawbacks, such as patient adherence and reporting
bias [9]. Having a way to monitor sleep that does not suffer
from these drawbacks but is easier to perform than
polysomnography would be a boon for clinical practice and
research.

With the advent of mobile phones, a mgjority of Americans
now carry amultifunctional sensor platformin their pocket [10].
These devices and other wearable activity sensors can be used
to monitor aperson’s behavior and environment, and asaresult,
can be used to monitor sleep. Previous work has used this
mobile-sensor-based approach to predict sleep with relatively
high accuracy. One study predicted the sleep or awake state of
every 10-minlong bin of phone sensor datawith 93% accuracy
[11]. Another study estimated the sleep duration with an error
of 42 min [12], and a subsequent study on a college student
population was abl e to predict bedtimes with an accuracy of 25
min of the ground truth [13]. Finally, a more recent study was
able to predict sleep or awake states with 89% accuracy solely
based on the users’ interactions with their phones [14]. These
approaches hold promise for sleep tracking in the future;

http://www.jmir.org/2017/4/e118/

however, there remains significant work to do before they can
be used more generally.

Several issues impair the ability to apply these findings to the
genera population. First, much of this work has used small
subsets of the population, mostly students [12]. Students tend
to be homogeneous in terms of demographics such as age and
other patterns such as school schedules, and some evidence
suggests that these demographic and life similarities might
impact their sleep patterns [9,15]. Second, study participants
typically receiveinstructions, such as placing the mobile phone
face-down on the bed with them as they went to sleep [12] or
keeping the phone turned on and to keep it in their bedroom
while sleeping [11]. Although this increases the reliability of
automated sleep assessment, to the degree that peopleto change
their daily habits, it meansthat attemptsto use these assessments
inthewild will likely fail. Finally, many studies simply exclude
noncompliant participants in the analysis. However,
noncompliance may be related to other factors, such as
untraditional sleep schedules, that might bias results in ways
that reduce generdizability [13]. Therefore, classifiers
(algorithms that distinguish sleep from waking states) that do
not depend on specific instructions regarding the use or
placement of the phone and which are generalizable to abroader
population still need to be tested.

Aim of This Study

In this study, we aim to explore the use of mobile devices for
sleep tracking in abroad population of participants. Participants
are recruited from across the United States without restrictions
on age, leading to a substantially more heterogeneous sample
than previouswork. Participants usetheir own personal devices
and are given no instructions on device use, alowing us to
gather datafrom the natural, daily course of their lives. We will
use techniques from machine learning to detect the sleep times
of each participant, and will examine whether these techniques
will generalize to other participants. Overal, we will assessif,
and to what extent, we can scal e passive sleep monitoring, from
normal everyday phone use, to the more general population.

Methods

Participant Recruitment

We recruited the participants for our study between October
28, 2015 and February 12, 2016. The recruitment was donein
collaboration with Focus Pointe Global (FPG), acompany that
specializes in market and scientific research strategies and
participant recruitment and retention. FPG used Internet and
gualitative panels of participants as a primary means of
recruitment. They sent out emails to these panels with links to
the screener questionnaire. Additionally, they used phone calls
to potential participantsin their in-house registries.
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In the screener questionnaire, interested individuals were
screened for eligibility. Individuals were eligible for our study
if they were at least 18 years old, able to read and understand
English, owned a mobile phone with Android 4.4 through 5.1
(excluding 5.0 due to problems that limited reliable access to
some sensor data), and had access to WiFi for at least one 3-h
period a day. We excluded individuals who were diagnosed
with any psychotic disorders, were identified as not being able
to walk more than half a mile (4 city blocks), or had positive
screens for alcohol abuse (alcohol use disorder identification
test, AUDIT [16] score>16), drug abuse (drug abuse screening
test, DAST-10 [17] score =6), suicidal ideation (patient health
guestionnaire-9 item, PHQ-9 [18] item 9 rating >1; Beck
depression inventory, BDI-I1 [19] item 9 rating =2), or bipolar
disorder (mood disorder questionnaire, MDQ [20] question 1
score =7, an endorsement of question 2, and a response of 2 or
3for question 3). We al so excluded those individual swho shared
their phone with others. Eligible participants were consented
using procedures approved by the Northwestern University
Ingtitutional Review Board, which included descriptions of the
datato be gathered along with data security and privacy policies.
We selected roughly equal numbers of participants in four
groups, such that there were wide ranges of depression and

Saeb et d

anxiety symptoms in the sample. We defined the groups as
depressed and anxious (PHQ-9 >10; generalized anxiety
disorder-7 item, GAD-7 >10), depressed only (PHQ-9 >10;
GAD-7 <10), anxious only (PHQ-9 <10; GAD-7 >10), and
healthy (PHQ-9 <10; GAD-7 <10).

Each participant was enrolled for a period of 6 weeks. First, a
study ID was assigned to the participant by FPG. Then
participants were asked to compl ete a\Web-based questionnaire
consisting of demographics (eg, age, gender, race and ethnicity,
state of residence) and life aspects (eg, living situation,
employment issues, where they keep their phone) that could
potentially affect their sleep and phone use. Participants were
compensated from US $25 to US $270.40 depending on how
long they stayed in the study, and how much of the daily
guestionnaires they answered.

Data Collection

We collected two categories of data: mobile phone sensor data
and ecological momentary assessment (EMA) data, which
consisted of daily questions sent to participants asking them
about their last night sleep times. The sensors used in our study
and their attributes are listed in Table 1.

Table 1. List of the mobile phone sensors and their attributes, used in our study.

Sensor Description

Activity Physical activity class provided by the Android Activity Recognition API? (still, walking, running, tilting, on bike, in ve-
hicle, unknown) and the confidence of the classifier (0-100%)

Light Light intensity (Iux)

Sound Average sound intensity (dB) and dominant sound frequency (Hz)

Screen State of the phone screen (on or off)

Battery State of the battery (not charging, charging via power cable, charging via USBb)

GP<C |ocation Geographic latitude and longitude in degrees

WiFi

Communication events

Time of day Time of the day

The MACY address of the access point which the deviceis currently connected to

Contact names, contact numbers, outgoing or incoming calls, outgoing or incoming SMS®

8AP|: application program interface.
bUSB: Universal Serial Bus.

°GPS: Global Positioning System.
IMAC: media access control.

€SMS: short message service.

EMA datawas collected on a daily basis. On each day, at 9am
local time, the questionnaire was launched on each participant’s
phone, asking them about the time they went to sleep last night,
or sleep start time, and the time they woke up, or sleep end time.
Participant could respond immediately to the questions, or delay
the response until later that day. If they did not answer the
guestions before 12am that night, the questionnaire disappeared;
and on the next day, a new questionnaire was launched asking
about sleep start and end times of the night before. Seep
duration was defined as the time from sleep start time to sleep
end time.

http://www.jmir.org/2017/4/e118/

We used Purple Robot [21] to collect both sensor and EMA
data. Purple Robot isamultipurpose, open-source Android app
that isdevel oped for our phone-based behaviora sensing studies
[22], and adapted to this study. The app gathers data from the
sensors available on the phone, initialy stores them locally on
the device, and then transmits them as network connectivity
becomes available. This alows data collection in a variety of
wireless connectivity scenarios with the confidence that
intermittent network access does not affect the nature, quality,
or quantity of the collected data.

Purple Robot anonymized sensitive information before storage
and transmission. Specificaly, it used a standard MD5 hashing
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algorithm [23] to anonymize the contact names and numbers
in the communication events sensor (see Table 1), as well as
the participant IDs. Once the data was anonymized, it was
locally stored on the device, transmitted to secure datacollection
server via encrypted, password-protected tunnels, and then
deleted from the device. The maobile phone dataresiding on the
server could be linked with other information gathered during
the study only if the unique identifiers used by the participants
and the study-specific keys used to encrypt the datawere known.
Furthermore, these were only accessibleto individualswith the
proper credentials. Overall, these security measures helped to
protect the participants’ privacy, particularly regarding sensor
datasuch as GPS and MAC addresses, which could risk leakage
of personal information.

Initial tests showed that the sound sensor (microphone) was
draining battery power to a considerable degree, which could
interfere with our data collection and dissatisfy the participants.
Thus, we sample the microphone every 5 minfor 30 sat atime.
The Purple Robot sound sensor then reported the average sound
amplitude (dB) and the dominant sound frequency during that
30 s period. The dominant frequency was calculated by taking
the Fast Fourier Transform (FFT) of the signal, and finding the
frequency at which it was maximum. Using this procedure, we
considerably decreased the battery power consumption by Purple
Robot.

http://www.jmir.org/2017/4/e118/
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Feature Extraction

Before using the collected phone sensor data for devel oping
sleep detection algorithms, we extracted their attributes, or
features. To extract features, we first divided al sensor data
into 10-min-long windows. Then, from each window, we
extracted 22 distinct features aslisted in Table 2. The choice of
10 min was made for consistency with previous research [11].
In our feature set (Table 2), we included features that had
previously been shown to be useful [11-13]. For the location
features, location variance, and location change, we converted
the GPS coordinates in latitude and longitude degrees to 2D
coordinates in kilometers, using the method described in [24],
before extracting the features. In addition, we also included time
of the day asafeature, since we hypothesized that thetime alone
isastrong predictor of whether a person is asleep or awake.

To deal with missing sensor data, we used different strategies
for different sensors. For the communication events and the
screen sensors, we used a 0 value when data was not present,
as for these cases absence of data meant no events. For the
activity sensor, since the Android’s Activity Recognition API
(application program interface) does not generate new samples
when the phone has been in the same state for along time, we
filled the missing points with the activity sample from the last
window which contained data. For the rest of sensors, if the
window was empty, the corresponding featureswere set to “Not
aNumber” (NaN).
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Table 2. List of features used in the study.

Saeb et d

Feature Description

Stillness Percentage of still activity
Light power Mean of light intensity
Light range Range of light intensity

Light kurtosis

Kurtosis of light intensity

Light change <(L(t)-LE1)?/L(t1)>>
L(t): light intensity at timet, and <.> denotes the average over time.
Audio power Mean of audio power
Audio freqg min Min. dominant audio frequency
Audio freq max Max. dominant audio frequency
Screen activity Number of screen ON or OFF events excluding the ones that last lessthan 30 s

Location variance

Location change

Battery charging

\/(Ozlat + 02| ng

where lat and Ing are latitude and longitude values in kilometers, respectively.
Average of change (as defined for light change) between latitude and longitude
1if mode of battery state is charging; O otherwise

Battery USB? 1if the phone is connected to USB, 0 otherwise

Battery level Average battery level (0-100)

WiFi Mode of WiFi MACP address (converted to integer by summing up the characters)
Last name L ast contact name (encrypted) contacted by either call or SMS®

Last number Last phone number (encrypted) contacted by either call or SMS

Call Number of phone calls

SMS Number of SMS

Outgoing call Number of outgoing phone calls

QOutgoing SMS Number of outgoing SMS

Time of day Time of the day in hours (0-24), defined as the midpoint in the window

3USB: Universal Seria Bus.
PMAC: media access contral.
€SMS: short message service.

Sleep Detection

Overview

We trained algorithms to detect the sleep start and wake-up
times of each participant from the sensor features extracted from
their phones. These agorithms, aso caled classifiers,
determined whether each feature sample, extracted from 10 min
of sensor data, was from a sleep or an awake state as reported
by participants. After training, the classifierswere ableto predict
the state of a given feature sample.

The sleep detection procedure had two stages: first, we used
random forests to estimate the probability for a feature sample
to befrom sleep or awake states. Then, a hidden Markov model
(HMM) used the sequence of these probabilities to determine
whether the participant’s state was actually deep or awake. In
thefollowing, we will give amore detailed description of these
two stages.

http://www.jmir.org/2017/4/e118/

Estimating State Probabilities

To estimate the probability for each feature sample being from
an awake or asleep state, we used ensembles of decision trees
known as random forests [25]. Each tree in a random forest
makes a prediction, or vote, about the class of the feature
sample. The random forest calculates the class probability by
averaging over the predictions of individual trees. In this study,
we used 50 trees.

We trained the random forest to estimate the state (awake or
deep) probabilities based on the last 5 feature sets extracted
from the last 5 windows. For training, we used the bagging
method [26], which randomly samples the dataset with
replacement to create a training set for each tree. In this way,
each tree only observes part of the dataset. In addition, each
decision hodein thetreerandomly samples5 out of 22 features,
and finds the best feature and the best split value based on a
Fisher information gain criterion. Therefore, each tree only
observes part of both the data samples and the features. This
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makes random forests less prone to overfitting and a better
candidate for generalization to unseen data [27].

Determining States

Although our random forest classifiers use the last 5 feature
samples to provide the class probability of the current sample,
they ignore the class probabilities of the surrounding samples.
This disregards the fact that sleep and awake states change
slowly over time. In fact, transitions from awake to sleep and
vice versa usually happen once in a given 24-h period.
Therefore, it isimportant to consider the class probabilities of
the neighbor samplesin calculating the class probability of any
given sample.

To determine the sleep or awake states, we first use a median
filter in order to reduce the effect of fast changes in the class
probabilities. A median filter replaces each sample by the
median of w neighboring samples. Here, we set w=21,
corresponding to 210 min in the data. After recalculating the
probabilities, we use the threshold of 0.5 to determine the class
of each sample (Probability<.5: awake; Probability>.5: sleep).
In this way, the median filter captures the slower dynamics of
the state probabilities.

After recalculating the state probabilities, the next step is to
determine the states. For this, we use a HMM, which is a
Bayesian statistical modd that infersthe states of an unobserved
variable, sleep state in our study, given a set of observations,
here the set of states estimated by the median filter. The HMM
uses a set of parameters called transition probabilities, which
represent the probability of transition between the classes.
Because there are typically only one sleep-to-awake and one
awake-to-sleep transition in each 24-h period, and given that
we have 144 feature samples in each 24-h period, we set the
transition probabilities as the following:

T(deep-awake)™ T(awake deep)=1/144
Tdeopse)™ T(awakeavake=143/144

Training and Cross-Validation

Wetrain dleep detection modelsin two different ways: (1) global
models and (2) personal models. The former is trained on all
data from a number of participants and cross-validated on the
rest, whereasthe latter istrained and cross-validated on the data
from the same participant at different times.

For the globa models, we use a subject-wise, 10-fold
cross-validation method. We first divide the participants into
10 amost equal, nonoverlapping sets. Then, we train models
on all setsexcept oneand cross-validateit on the remaining set.
We repeat this procedure 10 times so that all participants are
used for cross-validation.

To train personal models, we divide each participant’s datainto
3 nonoverlapping folds. Then, we train models on 2 folds and
validate them on the remaining fold. We repeat this procedure
3 times until al folds have been used for validation. The
classification accuracy was averaged across the folds,
representing the classification accuracy for the subject.

http://www.jmir.org/2017/4/e118/
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Results

Participants

In total, 208 eligible participants were recruited for the study.
One participant did not install the software on their phone, and
therefore was removed from the analysis. Of the 207 participants
included in the analysis, 82.6% (171/207) were females and
17.4% (36/207) were males. Their ages ranged between 18 and
66 years old, with amean of 39.3 (SD 10.3). They represented
ageographically diverse sampling of the United States, asshown
in Figure 1. Participants did not perfectly represent the racial
and ethnic diversity of the United States with 78.7% (163/207)
Caucasian, 11.6% (24/207) African American, 2.4% (5/207)
Asian, 1.4% (3/207) Native American, and the remaining 4.3%
(9/207) of participants were acombination of two or moreraces.
It was found that 1.4% (3/207) of participants preferred not to
specify race and 9.2% (19/207) of participants noted Hispanic
as their ethnicity. Nevertheless, this is a diverse pool of
demographics and locations.

The outcomes on the questionnaires asked during the screening
were as follows: the average drug abuse score (DAST-10) was
0.56 (SD 1.06), acohol abuse score (AUDIT) was 3.66 (SD
3.35), depression score (PHQ-9) was 9.72 (SD 5.10), and anxiety
score (GAD-7) was 9.01 (SD 5.41). As expected, the drug and
abuse scoreswerelow, since we excluded individual swith high
scores. However, there was a wide distribution in depression
and anxiety scores as it was intended in the recruitment
procedure.

Participants had diverse educational backgrounds: 1.9% (4/207)
of participants had some high school education, 12.1% (25/207)
had completed high school, 35.3% (73/207) had some college
training, 13.5% (28/207) had 2-year college training, 23.6%
(49/207) had Bachelor's degree, 11.1% (23/207) had Master's
degree, and 2.4% (5/207) had professional Doctorate degree.

Finally, we asked the participants questions about the aspects
of their lives that would potentialy influence sleep detection.
Of the 207 participants, 14.5% (30/207) lived aone, whereas
85.0% (176/207) lived with other people, and 0.5% (1/207) did
not specify. In response to the employment status question,
61.4% (127/207) were employed, 20.8% (43/207) were
unemployed, 8.2% (17/207) had disability which prevented
them from working, 1.9% (4/207) were retired, and 7.7%
(16/207) did not specify their employment status. Of the 127
employed participants, 78.0% (99/127) had one job, 18.1%
(23/127) had two, 3.1% (4/127) had three, and 0.8% (1/127)
had four jobs. It wasfound that 87.4% (181/207) of participants
mentioned that they keep their phonesin their bedrooms while
sleeping, whereas 12.6% (26/207) keep it in another room. It
was aso found that 58.5% (121/207) of participants said that
they share their bedrooms with someone, whereas 41.5%
(86/207) sleep alonein their bedroom. As should be expected,
abroad range of life situations occurred.

In addition to understanding the lives of our participants, the
purpose of collecting these data was to assist sleep detection
algorithms, by adding them to sensor features as inputs.
However, our initia tests showed that they were not helpful in
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detecting sleep, and therefore we did not use them in later analyses.

Saeb et d

Figure 1. Locations of participants on the map, shown as red dots. We added a small random val ue, drawn from a Gaussian distribution with zero mean
and standard deviation of 1.5 km in geographic distance, to each participant’slocation so that their exact coordinates cannot be extracted from thefigure.

-1

——
=3 T
. MORTH
wakHINGTON MOMNTANA DAKOTA

™ MINNESOTA
[}

SOUTH

.
By SCONSIN ee

OMTARID QUEBEC

N
. NB

\1\‘ ll\ t
NOVA 31

\ o MAINE
| Toronto_/. Ll

Cttawa Montreal
®

DAKOTA \
DREGON DAHO & ® % ® MICH GAN] j » e
WYOMING . s,/ NPW YORM . @
. i % GT'Ilcago > o M
i 10Wa L) oe L c
MEBRASKA L ol
ILLINDIS ® o5l /= PEAN | wg
_ - . | q .
NEVADA Ynited States | M Dad r‘a’ ” h:.n*?rh:ladelphla
UTAH - EN-
L COLD TS o . WEST DE
San FranWisco OLORRDO KANSAS  i550UMe e VIBGINIA
L ]
H . LI KENTUCKY WVIRBINIA _
CALIFORNIA 0 . .
as Vegas T
S 9 OKLAHOMA *TENNESSEE® "):;gllrlm
- - "
Los Agaeles . pizana ’ - fRKA & ! 508 He
San Diego = MEW MEXICO Dﬂas MISSISSIPP CAROLN A
—_ 5 . ALABMMA
e '\\ TEXAS GEQRGIA
- n -
\ A . o LoUISIAYA = ® e .
- ~/ Hauston Py
< L 1]
) FRQRIDA

i

Mexico

Data Characteristics

On initia analysis of the data, there were two apparent issues
that needed to be resolved. First, some participants had changed
their devices during the study, with anumber of them reporting
on multiple devices at the same time. We detected the change
in aparticipant’s mobile phone by tracking their device' sMAC
address. Out of the 207 participants, 21 changed their phones
during the study. When a participant used multiple devices at
the sametime, we used the data from the first device until there
was no EMA data coming from that device, and then switched
to the second device.

There were also inconsistent values in sensor and EMA data
that needed to be corrected or removed. First, timestamps were
stored in different unitsfor some participants, dueto difference
in phone models. We converted the units of these timestamps
to seconds which was used for all other participants. Therewere

http://www.jmir.org/2017/4/e118/

"

also out-of-range values for sleegp times. For example, in some
cases, we had negative sleep start or end times; these artifacts
were observed in 14 of 207 subjects, with between 1 and 5
erroneous reports for each of these subjects. We removed these
instances from the dataset before the analysis. After this
processing, our dataset consisted of 207 subjects and atotal of
10,649 reports, allowing for a broad characterization of sleep
detection.

For the EMA data, there was an extremely high rate of
adherence, resulting in little missing data. Of the 207
participants, 10.6% (22) stopped providing labels before the
end of the 6-week period. However, many continued to send
data after the end of 6 weeks, with 13.0% (27/207) providing
more than 60 days of data. The participants enrollment in the
study isdepicted in Figure 2. It was surprisingly doableto recruit
this large number of subjects over the extended period of time
of our study.
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Figure 2. Participants enrollment in the study, sorted based on the enrollment time. Each dot represents an ecological momentary assessment (EMA)
report sample we received from the participant. The 4 recruitment waves are evident in the 4 clusters of starting times. Vertical white stripes reflect the
time of day when people were less likely to complete their EMA reports (eg, night time). The number of days ranged from 11 to 137 days, with an

average of 52.9 days for each participant.
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Sleep Detection Results

The average prediction accuracy of the model trained only on
sensor features is about 81.8% (95%Cl 81.12-82.48), and the
addition of time of the day to the feature set increases this
accuracy to 88.8% (95%CI 88.41-89.19; Figure 3). This
accuracy, however, isonly slightly better than that of the model
that has only been trained on time (86.9%; 95%Cl 86.68-87.12).
These accuracies vary considerably acrossthe subjects, ranging
from 65.1% to 97.3% (Figure 3). Importantly, these results are

http://www.jmir.org/2017/4/e118/

in line with those of well-controlled studies for some subjects
and dramatically worse for others.

We a so compared personal models (those trained with the same
participant is predicting) with global models (those trained with
other participants data and predicting a single participant).
Figure 4 displays the correlation between the accuracy of
personal and global models. Personal models fared better for
80.2% (166/207) of participants, however, the difference
between personal and global models was relatively small.
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Figure 3. Sleep detection results. (a) Prediction accuracy (error) for global and personal models trained on time feature only, sensor-based features,
and all features (see Table 2). Bars show the mean, and error bars show 95% ClI. (b) Distribution of the accuracy of global and personal models trained

on all features across the participants .
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Where Do Classifier s Fail?

The large variability of prediction accuracies across the
participants led us to further explore why prediction fails for
specific participants. Here, we looked into various metrics of
data quality and investigated their relationship to the
classification accuracy. The aim was to find out whether there

http://www.jmir.org/2017/4/e118/
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are specific data quality issues that caused classifiers to fail,
and whether we are able to improve the classification accuracy
by resolving those problems.

We found two mgjor data quality issues: missing data and
misreports. In thefollowing, weinvestigate each of theseissues.
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Missing Data

We estimated the proportion of missing data points in both
sensor and EMA datafor all participants, and we evaluated the
relationship between these and classification accuracy. Although
this relationship is complex Figure 5, we found that generally
participants with larger proportions of missing sensor or EMA
data had lower classification accuracies. Therefore, it seems
that missing datais one primary causefor the classifiers failure.

Saeb et d

If missing data is the major cause, the next question is when
the missing samples in sensor data occurred. We estimated the
proportion of sleep-state samples that were missing, as well as
the awake-state samples, and calculated their ratio. As Figure
6 shows, this ratio is significantly higher than 1 for each
individual sensor aswell asall sensorstogether. For all sensors,
the proportion of missing samples during sleep isamost twice
compared with awake.

Figure5. Dependence of classification accuracy on missing data. (a-b) Accuracy versusthe proportion of missing sensor datafor global (a) and personal
(b) models. Here, we excluded the activity, communication events, and screen state sensors as their absence did not indicate missing data. (c-d) Accuracy
versus the proportion of missing ecological momentary assessment (EMA) datafor global (c) and personal (d) models. In al four cases, thereis aweak
but significant, inverse relationship between the classification accuracy and the proportion of missing data. p is Spearman rank correlation coefficients,
with negative values indicating inverse relationships. One star indicates significance at P<.05, two at P<.01, and three at P<.001.
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Figure 6. Proportion of missing sensor data during sleep states divided by the proportion of missing sensor data during awake states, across all

participants.
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Misreports

To investigate the possibility of misreports, we looked at the
distribution of dleep start and end times. Although the
distribution of sleep end times looks almost normal, sleep start
times seem to have an anomaly between 12pm and 3pm (Figure
7). One possible scenario wasthat participants mislabeled “am”
and “pm” times, especially at midnight (12am). Alternatively,
these could be short mid-day naps reported instead of previous
night's sleep. To investigate which scenario was more likely,

we also plotted sleep start times versus sleep duration (Figure
7). Asevidentinthisplot, thereisadistinct cluster of sleep start
times between 12pm and 3pm which is associated with
abnormally long (>15 h) sleep duration. Therefore, these data
points could not represent mid-day naps, but they are more
likely to have been caused by a confusion between “am” and
“pm” in reporting sleep start times.

A summary of the data quality issues and their likely causesis
shown in Table 3.

Table 3. Summary of the causes for low data quality which likely made the classifiersfail.

Data source Issue Possible causes

Sensors Missing samples Mobile phone off, low battery level

Sensors Missing samples Purple Robot, operating system, or hardware failure
Sensors Out of range values Device model and operating system differences
EMA@reports Missing samples Participants not reporting

EMA reports Abnorma values Participants misreport

3EMA: ecological momentary assessment.

I'n addition to missing data and misreports, we also investigated
whether the classification accuracy was different between
participants with symptoms of depression or anxiety and the
ones with no symptoms. We compared four groups of
participants: nondepressed and nonanxious, depressed and

http://www.jmir.org/2017/4/e118/
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nonanxious, nondepressed and anxious, and depressed and
anxious. We did not find any significant difference in
classification accuracy, for both global and personal models,
between any of these groups.
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Figure 7. (a) The distribution of sleep start and end times. For sleep start times, there is an anomaly between 12pm and 3pm, which are likely due to
the participants confusing “am” and “pm” times. (b) Sleep start times versus sleep duration, shows a distinct cluster (middle top) associated with sleep
start times between 12pm and 3pm and abnormally long sleep durations (>15 h).
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Improving the Quality of Data

After investigating a number of data quality issues that were
likely causing the classifiers to fail in certain situations, we
attempted to fix these issues and observed the effects on
classification performance. Specifically, we took two steps:

1. When the reported sleep start times were between 12pm
and 3pm and their associated sleep duration was longer
than 15 h, we changed “pm” to “am.”

2. Weremoved participants for whom, on average, more than
50% of sensor samples were missing. This consisted of
20.8% (43/207) of participants.

To estimate the proportion of missing sensor data, we excluded
the communication events and the screen state sensors, astheir
absence did not necessarily imply missing samples. After each
of these steps, we trained and cross-validation both global and
personal sleep prediction models.

http://www.jmir.org/2017/4/e118/
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The results of the classifier's performance after improving the
dataquality isshownin Figure 8. Asthefigure shows, correcting
reported times considerably increased the accuracies of both
global and personal classifiers, to 86.7% and 91.5%. Removing
participantswith large amounts of missing datafurther increased
these accuracies, to 87.6% and 91.8%, respectively, albeit to a
dightly smaller degree. It is also interesting to note that the
global time-only and sensor-only models have similar
performances, which is considerably lower than the performance
of the global all-feature model. However, for the personal
models, the accuracy of the time-only model is only slightly
less than the accuracy of the model trained on both sensor
features and time.

Sincethe amount of missing sensor datawasinversely correlated
with the classification accuracy, we speculated that adding an
extrafeature encoding the amount of missing sensor data could
be beneficial. However, including these additional features did
not improve the accuracy of the classifiers.
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Figure 8. (ab) Sleep detection results after quality improvement, for global (a) and persona (b) models. First, we corrected the reported sleep start
and end times, which resulted in significantly higher accuracies (red) for al models. Then, we removed participants for whom the sensor data was
missing for more than 50% of the time. This consisted of 43 participants. The resulting accuracies (blue) significantly improved for the sensor-only

model, but did not change for the rest.
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Prediction of Sleep Start and End Times

Using our predictions of sleep state, we can calcul ate valuesfor
sleep start and end times as well as sleep duration, which can
be useful for monitoring clinical processes [5]. We find the
closest predicted sleep period to each reported sleep period
(from personal models), and examine the bin-indexed errorsin
predicting the start and end of that sleep period, as well asthe
total duration of the sleep period. Theseerrorsare all calculated
on binned data, thus our minimum resolution isthe bin size (10
min). We are able to estimate both sleep start and end times
with approximately equal accuracy, with an average median
absolute deviation (MAD) across participants of 43 min and 38
min, respectively (Figure 9). We are aso able to predict sleep
duration with similar accuracy, with an average MAD across
participants of 58 min (Figure 9). Thedistribution of these errors
areall relatively skew-right, which suggeststhat poor prediction
of a small number of participants substantially affects
performance.

Looking at theseerrorsinterms of sleep characteristics can help
further elucidate where we make errors. Wefind that participants
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with more extreme, that is, longer or shorter, average sleep
durations have larger errorsin estimating sleep duration (Figure
10). Specifically, we tend to over-estimate the duration of short
sleep periods, and underestimate the duration of long sleep
periods. That this occurs even with individual models suggests
that, rather than a regression to a global mean, there may be
something intrinsically difficult in estimating the durations of
extreme sleep periods (or the sleep of those that report extreme
sleep periods). We examine the per-parti cipant performancefor
“outlier” (duration greater or less than two standard deviations
(SDs) from the participant’s average sleep duration) and
“typical” sleep periods (Figure 10). We find that, for 89% of
participants, we can estimate the duration of typical sleep
periods within an hour. Interestingly, we can do the same for
38.2% of participants even on their outlier sleep periods, and
can estimate outlier sleep periods within 2 h for 62% of
participants, suggesting that, while outlier periods are more
difficult to predict regularly than most, we do not perform poorly
on al outliersas arule. This suggests difficulties in estimating
the sleep duration for particular participants, which may speak
to the unique challenges in estimating behavior in large,
heterogeneous popul ations.
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Figure9. (a) Distribution of median absolute deviation (MAD) for predicted sleep start times from true sleep start times over all participants with less
than 50% missing data. (b) Distribution of MAD of predicted sleep end times from true sleep end times over all participants with less than 50% missing
data. Black line indicates the average MAD over those participants. (c) Distribution of MAD of predicted sleep duration from true sleep duration over
all participants with less than 50% missing data. Black linesin (a)-(c) indicate the average MAD over al participants.
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Figure 10. (a) Relationship between average sleep duration and average errorsin estimates of sleep duration. Points reflect individual participants with
less than 50% missing data, black line represents least-squares regression. (b) Distribution of average sleep duration estimation error over participants
with less than 50% missing data for “outlier” (blue) and “nonoutlier” (red) sleep durations. Outlier sleep periods are defined as periods that are two
standard deviations shorter or longer than the participant’s average sleep duration, and nonoutlier periods fall within those bounds.
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for ageneral population in their natural daily-life settings. We
divided phone sensor data into 10-min-long windows, and
calculated a number of features from them. Then, we trained
our model's, composed of random forestsand HMMs, to predict
the state of each window (sleep or awake). Although the global
classifierstrained on all featureswere ableto predict deep state
with 87.6% accuracy, persona models which were trained

Discussion

Principal Findings

This study was a first step toward bridging initia
proof-of-principle studies showing the feasibility of mobile
phone-based sleep detection technology with implementation
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separately on each participant had a (significantly) higher
accuracy of 91.8%. These numbers were close to the range
reported by previous research in more controlled settings
[11-13]. Thusour study confirmsthat sleep tracking viamobile
devicesisaviable paradigm, and that it can generalize to broad
populations when used in daily-life settings.

It isinteresting that the performance of personal modelstrained
solely on the time of the day was only dlightly lower than the
ones trained on all features. This suggests that an individual’s
sleep patterns do not drastically change day-by-day, and that
whether they are asleep or awake at a specific hour can be
predicted with good accuracy by timea one. Thisisanimportant
result, asit showsthat the baseline performance, defined by the
time-of-day model, is significantly higher than the chance level
of 67-71%, calculated by assuming that the average sleep
duration acrosstheindividualsisbetween 6 hand 7 h. Therefore,
it is necessary that when we report the accuracy of sleep
detection algorithms, we compare them to the accuracy of a
model only trained on time of the day. This comparison makes
the assessment of future sleep detection a gorithms easier.

Limitations

There are a number of limitations that should be considered
when interpreting the results of our study. First, the self-reported
sleep times are not necessarily accurate themselves. In fact, we
observed that a number of participants misreported their sleep
start times by asubstantial amount; when we fixed these reports,
the accuracy of the deep detection agorithm increased
substantially. Apart from directly addressable issues like this,
there are many other ways in which self-reports might have
been inaccurate. Self-reported sleep start times are in general
biased, and people tend to over-estimate their sleep duration
[28]. Therefore, what we calculate as accuracy isrelative to an
inaccurate measure. It may be difficult, both here and in other
sleep detection work, to calculate the true accuracies of the
algorithms.

Second, the parameters of the HMM were adjusted under the
assumption that going to sleep and waking up occur only once
in 24 h. Although this assumption istrue for most people, there
areanumber of casesfor whichitisviolated. First, most elderly
suffer from fragmented sleep [29], during which they can stay
awake for afew hours before going to sleep again. Some sleep
pattern disorders, such as insomnia or sleep apnea, cause both
segmentation of sleep at night and sleepiness during the day
[30], likely affecting daytime behavior aswell as sleep patterns.
In more extreme cases, such as sleepwalking, patients manifest
night-time behaviors that resemble daytime, routine activities
[31]. Second, we did not ask whether any of our participants
worked in different shifts across days, and some of the anomalies
seenin the reported times could have been dueto shift-working.
Finaly, a good number of people, amost one-third of
Americans, take day-time naps [32]. Therefore, in many cases,
the assumption that a person goes to sleep only once in a 24-h
period isincorrect, and further understanding of both population
and individual sleep habits will be necessary to create more
accurate models.

Third, we do not know if any, or which of these participants
had a sleep disorder. People with sleep disorders can be
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significantly different from the healthy populations in many
aspects of their life, which can influence the relationship
between mobile phone sensor features and sleep patterns. For
example, individuals with disturbed sleep report lower quality
of physical functioning, social functioning, vitality, and general
health [33]. These differenceswould likely result in differences
in how individuals interact with their mobile phones, thus
affecting the data and algorithms for sleep detection. Thus,
caution must be applied in generalizing these results to those
with atypical sleep patterns.

Finally, our participantswere not a perfect sample of the general
population in the United States. First, close to 82.6% of our
participantswerefemale. Second, we only recruited participants
who had WiFi Internet access on their mobile phones. Thiswas
important, as the high frequency sensor data can quickly
accumulate on the phone and reach the storage limits. Using
WiFi to off-load data is energy-efficient and free, unlike using
cellular connectivity, which can drain the battery and incur data
use fees. For this reason, we recruited participants who had
reliable Internet access on their phones. However, with this
restriction, it is likely that participants with lower incomes are
excluded from our study, who might have different sleep
patterns and behavior. Third, 21 participants (10%) changed
their phones during the study. Although this may be due to
chance, it may aso be related to the holiday season, during
which people may have received phones as gifts. Finally, we
specifically excluded participants with positive screens for
several severe psychiatric conditions, which may alter sleep
patterns. Thus, it is possible that any or all of these biasesreduce
the generalizability of these results.

Comparison With Prior Work

We extended previous research in two important ways. First,
our sample size was large relative to previous studies and the
study participants were more diverse in age, education level,
employment, and location. Although a more diverse sample
potentially provides a better training dataset for machine
learning, it introduces a few problems. First, diversity means
more variability in behavior. Unlike college students who have
been the participants of a number of previous studies [11,13],
participants from the general population do not necessarily use
their mobile phones in ways that can help the sleep detection
algorithms. For example, mobile phone usage is one feature
that is very useful in detecting sleep states since most people
usetheir phonesfrequently throughout the day. However, phone
usage patternsare different across different age groups. Whereas
22% of Americans aged between 18 and 29 years use their
phones every few minutes, this number for an older age group
of 50-64 yearsis only 6% [34]. Therefore, alarge and diverse
sampleintroduces new chall engesto sleep detection algorithms.

The second way in which we extended the previous research
was that we did not give participants any instructions regarding
the placement of the mobile phone. This meant that participants,
for example, could turn their phones off during sleep, or leave
it unplugged so that it runs out of battery. Asaresult, we found
that there were many more missing data points during sleep
than during awake states. This, however, was not the only
scenario that chalenged the sleep detection algorithms.
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Participants could also leave their phones unattended during
the day, or put it in another room when sleeping. Despite all
these, the performance of the classifiersiscloseto, albeit dightly
worse than, what has been reported by previous research in
more controlled settings.

Conclusions

As mobile phone technology advances, we expect many of the
issues we encountered in this study will vanish. For instance,
several of the technical problems we experienced will be
ameliorated by longer battery life, standardized hardware, and
improved app design. Many other limitations, however, will
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not be solved by advancing underlying technology. Here we
encountered several obstacles, from behaviors that misled
algorithms, to sleep patterns unaccounted for by typical models,
toinaccurate ground truth datathat were dueto errors and biases
in self-reports rather than technol ogy. Although these obstacles
are typically not encountered during demonstrations of sleep
detection algorithms, they will likely prove to be impediments
to generdized deep tracking. We believe that mobile
phone-based sleep detection technology must tackle these
problems in order to become areliable tool in people’s natural
life settings.

This study was supported by thefollowing National Institute of Health grants: 5SRO1IN S063399, P20M H090318, and RO1IMH100482.
Author SM S was supported by the research grant KO8MH102336 from the National Institute of Mental Health.

Conflictsof Interest
None declared.

References

1.  Krystal AD. Sleep and psychiatric disorders: future directions. Psychiatr Clin North Am 2006 Dec;29(4):1115-30; abstract

xi. [doi: 10.1016/j.psc.2006.09.001] [Medline: 17118285]

2. Bryant PA, Trinder J, Curtis N. Sick and tired: does sleep have avital role in theimmune system? Nat Rev Immunol 2004
Jun;4(6):457-467. [doi: 10.1038/nri1369] [Medline: 15173834]

3. Gregory AM, Rijsdijk FV, Lau JY, Dahl RE, Eley TC. The direction of longitudinal associations between sleep problems
and depression symptoms:; astudy of twinsaged 8 and 10 years. Sleep 2009 Feb;32(2):189-199 [FREE Full text] [Medline:

19238806]

4. Germain A, Buysse DJ, Nofzinger E. Sleep-specific mechanisms underlying posttraumatic stress disorder: integrative
review and neurobiological hypotheses. Sleep Med Rev 2008 Jun;12(3):185-195 [FREE Full text] [doi:

10.1016/j.smrv.2007.09.003] [Medline: 17997114]

5. Dahl RE, Lewin DS. Pathways to adolescent health sleep regulation and behavior. J Adolesc Health 2002 Dec;31(6

Suppl):175-184. [Medline: 12470913]

6. Penzel T, Conradt R. Computer based sleep recording and analysis. Sleep Med Rev 2000 Apr;4(2):131-148. [doi:

10.1053/smrv.1999.0087] [Medline: 12531163]

7.  McCal WV, Erwin CW, Edinger JD, Krystal AD, Marsh GR. Ambulatory polysomnography: technical aspects and
normative values. J Clin Neurophysiol 1992 Jan;9(1):68-77. [Medline: 1552010]

8.  Carney CE, Buysse DJ, Ancoli-Isragl S, Edinger D, Krystal AD, Lichstein KL, et a. The consensus sleep diary: standardizing
prospective sleep self-monitoring. Sleep 2012 Feb 01;35(2):287-302 [FREE Full text] [doi: 10.5665/sleep.1642] [Medline:

22294820]

9. Lauderdale DS, Knutson KL, Yan LL, Rathouz PJ, Hulley SB, Sidney S, et a. Objectively measured sleep characteristics
among early-middle-aged adults: the CARDIA study. Am J Epidemiol 2006 Jul 01;164(1):5-16. [doi: 10.1093/aje/kwj199]

[Medline: 16740591]

10. RaineelL, Zickuhr K. Paw Research Center.: Pew Research Center; 2015. Americans views on mobile etiquette URL : http:/
Iwww.pewinternet.org/2015/08/26/americans-views-on-mobil e-etiquette/ [accessed 2017-03-30] [WebCite Cache ID

6pM Deeivt]

11. MinJK, Doryab A, Wiese J, Amini S, Zimmerman J, Hong Jl. Tossn'turn: smartphone as sleepsleep quality detector. 2014
Presented at: ACM SIGCHI Conference on Human Factors in Computing Systems; April 26 - May 1, 2014; Toronto,

Canada p. 477-486.

12. ChenZ, Lin M, ChenF, Lane ND, Cardone G, Wang R, et al. Unobtrusive sleep monitoring using smartphones. 2013
Presented at: 7th International Conference on Pervasive Computing Technologies for Healthcare and Workshops. |EEE;

2013; Venice, Italy p. 145-152.

13. WangR, ChenF, Chen Z, Li T, Harari G, Tignor S, et al. Studentlife: assessing mental health, academic
performancebehavioral trends of college students using smartphones. 2014 Presented at: Proceedings of the ACM International
Joint Conference on Pervasive and Ubiquitous Computing. ACM; 2014; Seattle, Washington, DC p. 3-14.

14. Cuttone A, Bakgaard P, Sekara V, Jonsson H, Larsen J, Lehmann S. Sensiblesleep: a Bayesian model for learning sleep
patterns from smartphone events. PLOS One 2017;12(1):e0169901.

http://www.jmir.org/2017/4/e118/

JMed Internet Res 2017 | vol. 19 | iss. 4 [e118 | p.128
(page number not for citation purposes)


http://dx.doi.org/10.1016/j.psc.2006.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17118285&dopt=Abstract
http://dx.doi.org/10.1038/nri1369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15173834&dopt=Abstract
http://europepmc.org/abstract/MED/19238806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19238806&dopt=Abstract
http://europepmc.org/abstract/MED/17997114
http://dx.doi.org/10.1016/j.smrv.2007.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17997114&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12470913&dopt=Abstract
http://dx.doi.org/10.1053/smrv.1999.0087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12531163&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1552010&dopt=Abstract
http://europepmc.org/abstract/MED/22294820
http://dx.doi.org/10.5665/sleep.1642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22294820&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwj199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16740591&dopt=Abstract
http://www.pewinternet.org/2015/08/26/americans-views-on-mobile-etiquette/
http://www.pewinternet.org/2015/08/26/americans-views-on-mobile-etiquette/
http://www.webcitation.org/6pMDeeivt
http://www.webcitation.org/6pMDeeivt
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Saeb et d

15.

16.

17.
18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ohayon M, Carskadon M, Guilleminault C, Vitiello M. Meta-analysis of quantitative sleep parameters from childhood to
old age in healthy individuals: developing normative sleep values across the human lifespan. Sleep 2004 Nov
01;27(7):1255-1273. [Medline: 15586779]

Bohn MJ, Babor TF, Kranzler HR. The Alcohol Use Disorders Identification Test (AUDIT): validation of a screening
instrument for use in medical settings. J Stud Alcohol 1995 Jul;56(4):423-432. [Medline: 7674678]

Skinner HA. The drug abuse screening test. Addict Behav 1982;7(4):363-371. [Medline: 7183189]

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of abrief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [Medline: 11556941]

Beck AT, Steer RA, Brown GK. Beck Depression Inventory-I1. In: The Fourteenth Mental M easurements Yearbook. San
Antonio, TX: The Psychological Corporation; 2001.

Hirschfeld RM, Williams JB, Spitzer RL, Calabrese JR, Flynn L, Keck PE, et al. Devel opment and validation of ascreening
instrument for bipolar spectrum disorder: the Mood Disorder Questionnaire. Am JPsychiatry 2000 Nov;157(11):1873-1875.
[Medline: 11058490]

CBITsTECH. 2015. Purple Robo URL : https://tech.cbits.northwestern.edu/purple-robot/ [accessed 2017-03-31] [WebCite
Cache ID 6mrcvFTOD]

Saeb S, Zhang M, Karr CJ, Schueller SM, Corden ME, Kording KP, et a. Mobile phone sensor correlates of depressive
symptom severity in daily-life behavior: an exploratory study. JMed Internet Res 2015;17(7):e175 [FREE Full text] [doi:
10.2196/jmir.4273] [Medline: 26180009]

Heron S. Advanced encryption standard (AES). Network Security 2009;2009:8-12.

Barnett I, Onnela JP. arXiv. 2016. Inferring mobility measures from GPS traces with missing data URL : https://arxiv.org/
pdf/1606.06328.pdf [accessed 2017-04-10] [WebCite Cache ID 6pcCh5qu9]

Breiman L. Random Forests. Machine Learning 2001;45(5):5-32.

Breiman L. Bagging predictors. Machine Learning 1996;24(2):123-140.

Criminisi A, Shotton J, Konukoglu E. Microsoft. 2011. Decision forests for classification, regression, density estimation,
manifold learning and semi-supervised learning URL : https://www.mi crosoft.com/en-us/research/wp-content/upl oads/2016/
02/decisionForests MSR_TR_2011_114.pdf [accessed 2017-04-10] [WebCite Cache ID 6pcCyKESG]

Lauderdale DS, Knutson KL, Yan LL, Liu K, Rathouz PJ. Sleep duration: how well do self-reports reflect objective
measures? the CARDIA sleep study. Epidemiology 2008;19(6):838-845. [doi: 10.1097/EDE.0b013e318187a7b0]
Carskadon MA, Brown ED, Dement WC. Sleep fragmentation in the elderly: relationship to daytime sleep tendency.
Neurobiol Aging 1982;3(4):321-327. [Medline: 7170049]

Stepanski E, Lamphere J, Badia P, Zorick F, Roth T. Sleep fragmentation and daytime sleepiness. Sleep 1984;7(1):18-26.
[Medline: 6718922]

Ohayon MM, Guilleminault C, Priest RG. Night terrors, sleepwalking, and confusional arousalsin the general popul ation:
their frequency and relationship to other sleep and mental disorders. J Clin Psychiatry 1999 Apr;60(4):268-76; quiz 277.
[Medline: 10221293]

Taylor P. Pew Research Center. 2009. Nap time URL : http://www.pewsocialtrends.org/2009/07/29/nap-time/ [accessed
2017-03-30] [WebCite Cache ID 6mrdEsegh]

Reimer MA, FlemonsWW. Quality of lifein sleep disorders. Sleep Med Rev 2003 Aug; 7(4):335-349. [Medline: 14505600]
Newport F. Gallup.: Gallup; 2015. Most U.S. smartphone owners check phone at least hourly URL : http://www.gallup.com/
poll/184046/smartphone-owners-check-phone-least-hourly.aspx [accessed 2017-03-31] [WebCite Cache ID 6mrd7tDQA]

Abbreviations

API: application program interface
AUDIT: acohol use disorder identification test
BDI: Beck depression inventory

DAST: drug abuse screening test

EEG: electroencephalogram

EMA: ecologica momentary assessment
FFT: Fast Fourier Transform

FPG: Focus Pointe Global

GAD: generalized anxiety disorder
HMM: hidden Markov model

MAC: media access control

MAD: median absolute deviation

MDQ: mood disorder questionnaire
PHQ: patient-health questionnaire

USB: Universal Serial Bus

http://www.jmir.org/2017/4/e118/ JMed Internet Res 2017 | vol. 19 | iss. 4 [e118 | p.129

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15586779&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7674678&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7183189&dopt=Abstract
http://europepmc.org/abstract/MED/11556941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11058490&dopt=Abstract
https://tech.cbits.northwestern.edu/purple-robot/
http://www.webcitation.org/6mrcvFT0D
http://www.webcitation.org/6mrcvFT0D
http://www.jmir.org/2015/7/e175/
http://dx.doi.org/10.2196/jmir.4273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26180009&dopt=Abstract
https://arxiv.org/pdf/1606.06328.pdf
https://arxiv.org/pdf/1606.06328.pdf
http://www.webcitation.org/6pcCh5qu9
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/decisionForests_MSR_TR_2011_114.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/decisionForests_MSR_TR_2011_114.pdf
http://www.webcitation.org/6pcCyKEsG
http://dx.doi.org/10.1097/EDE.0b013e318187a7b0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7170049&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6718922&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10221293&dopt=Abstract
http://www.pewsocialtrends.org/2009/07/29/nap-time/
http://www.webcitation.org/6mrdEseqh
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14505600&dopt=Abstract
http://www.gallup.com/poll/184046/smartphone-owners-check-phone-least-hourly.aspx
http://www.gallup.com/poll/184046/smartphone-owners-check-phone-least-hourly.aspx
http://www.webcitation.org/6mrd7tDQA
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Saeb et d

Edited by R Calvo; submitted 14.10.16; peer-reviewed by YS Bin, Y Ma, B Price; comments to author 17.11.16; revised version
received 03.01.17; accepted 04.03.17; published 18.04.17.

Please cite as.

Saeb S, Cybulski TR, Schueller SM, Kording KP, Mohr DC

Scalable Passive Seep Monitoring Using Mobile Phones: Opportunities and Obstacles
J Med Internet Res 2017;19(4):€118

URL: http://www.jmir.org/2017/4/e118/

doi:10.2196/jmir.6821
PMID:

©Sohrab Saeb, Thaddeus R Cybulski, Stephen M Schueller, Konrad P Kording, David C Mohr. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 18.04.2017. Thisisan open-access article distributed under theterms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medica Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

http://www.jmir.org/2017/4/e118/ JMed Internet Res 2017 | vol. 19 | iss. 4 [e118 | p.130
(page number not for citation purposes)

RenderX


http://www.jmir.org/2017/4/e118/
http://dx.doi.org/10.2196/jmir.6821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Carroll et a

Original Paper

Who Uses Mobile Phone Health Apps and Does Use Matter? A
Secondary Data Analytics Approach

Jennifer K Carroll*, MPH, MD; Anne Moorhead?, MSc, MA, MICR, CSci, FNutr (Public Hedlth), PhD; Raymond
Bond®, PhD; William G LeBlanc!, PhD; Robert J Petrella’, MD, PhD, FCFP, FACSM; Kevin Fiscella®, MPH, MD

1Department of Family Medicine, University of Colorado, Aurora, CO, United States

2School of Communication, Ulster University, Newtownabbey, United Kingdom

3school of Computing & Maths, University of Ulster, Newtownabbey, United Kingdom

4_awson Health Research Intitute, Family Medicine, Kinesiology and Cardiology, Western University, London, ON, Canada

5Family Medicine, Public Health Sciences and Community Health, University of Rochester Medical Center, Rochester, NY, United States

Corresponding Author:
Jennifer K Carroll, MPH, MD
Department of Family Medicine
University of Colorado

Mail Stop F496

12631 E. 17th Ave

Aurora, CO, 80045

United States

Phone: 1 303 724 9232

Fax: 1 303 724 9747

Email: jennifer.2.carroll @ucdenver.edu

Abstract

Background: Mabile phone use and the adoption of healthy lifestyle software apps (“health apps’) are rapidly proliferating.
Thereislimited information on the users of health appsin terms of their social demographic and health characteristics, intentions
to change, and actual health behaviors.

Objective: The objectives of our study were to (1) to describe the sociodemographic characteristics associated with health app
use in arecent US nationally representative sample; (2) to assess the attitudinal and behavioral predictors of the use of health
apps for health promotion; and (3) to examine the association between the use of health-rel ated apps and meeting the recommended
guidelines for fruit and vegetable intake and physical activity.

Methods: Data on users of mobile devices and health apps were analyzed from the National Cancer Institute’s 2015 Health
Information National Trends Survey (HINTS), which was designed to provide nationally representative estimates for health
information in the United States and is publicly available on the Internet. We used multivariable logistic regression models to
assess sociodemographic predictors of mobile device and health app use and examine the associati ons between app use, intentions
to change behavior, and actual behavioral change for fruit and vegetable consumption, physical activity, and weight loss.

Results. From the 3677 total HINTS respondents, older individuals (45-64 years, odds ratio, OR 0.56, 95% CI 0.47-68; 65+
years, OR 0.19, 95% CI 0.14-0.24), males (OR 0.80, 95% CI 0.66-0.94), and having degree (OR 2.83, 95% Cl 2.18-3.70) or less
than high school education (OR 0.43, 95% CI 0.24-0.72) were all significantly associated with a reduced likelihood of having
adopted health apps. Similarly, both age and education were significant variables for predicting whether a person had adopted a
mobile device, especialy if that person was a college graduate (OR 3.30). Individuas with apps were significantly more likely
to report intentions to improve fruit (63.8% with apps vs 58.5% without apps, P=.01) and vegetable (74.9% vs 64.3%, P<.01)
consumption, physical activity (83.0% vs 65.4%, P<.01), and weight loss (83.4% vs 71.8%, P<.01). Individuals with apps were
also more likely to meet recommendations for physical activity compared with those without adevice or health apps (56.2% with
apps vs 47.8% without apps, P<.01).

Conclusions: The main users of health apps were individual s who were younger, had more education, reported excellent health,
and had a higher income. Although differences persist for gender, age, and educational attainment, many individual
sociodemographic factors are becoming less potent in influencing engagement with mobile devices and health app use. App use
was associated with intentions to change diet and physical activity and meeting physical activity recommendations.
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Introduction

As of 2015, nearly two-thirds (64%) of the American public
owned amobile phone, which isan increase from 35% in 2011
[1]. It is estimated that 90% of the worldwide population will
own amobile phone by 2020 [1]. Current UK datareveals that
mobile phone usageisincreasing as 66% adults aged more than
18 years owned a mobile phone in 2015, up from 61% in 2014
[2]. Mabile phone ownership is higher among younger people,
with 77% ownership for those aged 16-24 years [3]. Although
mobile phone ownership is especially high among younger
persons and those with higher educational attainment and
income [4], those with lower income and educational attainment
are now likely to be “mobile phone dependent,” meaning that
they do not have broadband access at home and have few other
options for Web-based access other than via mobile phone.

As mobile phone ownership rapidly proliferates, so does the
number of mobile phone software apps grown in the marketplace
[5]. Appsfocused on health promotion are quite common: more
than 100,000 health apps are availablein theiTunes and Google
Play stores[6]. This staggering number speaksto both the huge
market and ongoing demand for new tools to help the public
manage their diet, fitness, and weight-related goals, and the
limitations of the current health care system to provide such
resources. A recent study found that 53% of cell phone users
owned a smartphone—this translates to 45% of all American
adults—and that half of those (or about 1 in 4 Americans) have
used their phone to look up health information [7]. There is
increasing usage of health appsamong health care professionals,
patients and general public [8], and apps can play arole in
patient education, disease self-management, remote monitoring
of patients, and collection of dietary data[9-12]. Using maobile
phones and apps, social media also can be easily accessed, and
increasing numbers of individuals are using social media for
health information with reported benefits and limitations [8].

Despite the massive uptake in mobile phone ownership and
health app usage and their potential for improving health,
important limitations of health apps are the lack of evidence of
clinical effectiveness, lack of integration with the health care
delivery system, the need for formal evaluation and review, and
potential threats to safety and privacy [6,13-17]. Although
previous studies have described the sociodemographic factors
associated with mobile health and app use [7,18,19], it is a
rapidly changing field with the most recent published reports
reflecting data at |east four to five yearsold. Additionally, there
isalack of information on the users of health appsin terms of
their sociodemographic and health characteristics and health
behaviors. Furthermore, to our knowledge, there have been no
previous publications reporting on the association between the
use of health apps, behavioral or attitudinal factors (ie, readiness
or intentionsto change), and health outcomes. Thisinformation
is important for future health-improving initiatives and for
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identifying appropriate use of health apps among population
groups.

Therefore, the aim for our study was 3-fold: (1) to describe the
sociodemographic characteristics associated with health app
usein arecent US nationally representative sample; (2) to assess
the attitudinal and behavioral predictors of the use of health
apps for health promotion; and (3) to examine the association
between the use of health-related apps and meeting the
recommended guidelines for fruit and vegetable intake and
physical activity. Given the increasing focus on new models
for integrating technology into health care and the need to
expand the evidence base on the role of health apps for health
and wellness promotion, these research questions are timely
and relevant to inform the development of health app
interventions.

Methods

Data Source

The National Cancer Ingtitute’s Health Information National
Trends Survey (HINTS) isanationa probability sample of US
adultsthat assesses usage and trendsin health information access
and understanding. HINTSwasfirst administered in 2002-2003
as a crosssectional survey of US civilians and
noninstitutionalized adults. It has since been iteratively
administered in 2003, 2005, 2008, 2011, 2012, 2013, and 2014.
We used datafrom HINTS 4 Cycle 4 datareleased in June 2015,
which  corresponded to surveys administered in
August-November, 2014. Publicly available datasets and
information about methodology are available at the HINTS
website [20]. The 2014 iteration reported herein contained
questions about whether partici pants used mobile phone or tablet
technology and software apps for health-related reasons. The
overall response rate was 34.44%. This study was reviewed and
qualified for an Exemption by the American Academy of Family
Physicians Ingtitutional Review Board.

Participants

A total of 3677 individuals completed the 2014 HINTS survey.
From this sample, 148 respondents were considered partial
completers, in that they completed 50%-79% of the questions
in Sections A and B. We included all 3677 respondentsin our
analysis. We used sampling weights from the HINTS dataset
that were incorporated into the regression analyses.

M easures

Demographics

We used participants' self-report of their age, sex, race,
ethnicity, income, level of education, English proficiency,
height, and weight. We converted height and weight into body
mass index (BMI), using weight (kg)/height (m?)x10,000, and
classified participants as obese (=30), overweight (29.9-26), or
normal weight or underweight (<26).
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Usage of Mobile Devices and Health Apps

We used participants responses to the 3 questions to
characterize the distribution of subjectswho used health-related
software apps on their mobile devices. The participants were
asked whether they had a tablet computer, smartphone, basic
cell phone only, or none of the above. We examined factors for
those with and without mobile devices, since previous studies
have shown differences in seeking health information on the
Internet related to access (eg, availability of acomputer) [21,22],
HINTS dataset is a nationally representative sample, and we
wished to put our findings on app use in the larger population
context. We categorized participants who had a mobile phone
or a tablet device under the label “Devicet+.”” Similarly,
participantswho did not report having amobile phone or atabl et
device were labeled “Device-." Of the Devicet group, we also
categorized them according to whether they had health appson
their device (Devicet/App+) or did not have health apps on
their device (Devicet+/App-).

Fruit and Vegetable I ntake

We assessed fruit and vegetable intake using the 2 questions:
amount of fruit consumed per day and amount of vegetables
consumed per day (7 response options for each ranging from
none to >4 cups per day). We reclassified the response options
for both questions into a single dichotomous outcome variable,
that is, the subject either (1) meets recommendations for fruit
or vegetables (4 or more cups for each) or (2) does not meet
recommendations for fruit or vegetables (all other response
options). Fruit and vegetable scores were analyzed separately.

Physical Activity

We assessed physical activity using the 2 questions: (1) in a
typical week how many days do you do any physical activity
or exercise of at least moderate intensity, such as brisk walking,
bicycling at aregular pace, and swimming at aregular pace? (8
response options ranging from none to 7 days per week) and
(2) on the days that you do any physical activity or exercise of
at least moderate intensity how long do you do these activities?
(2 response options for minutes and hours). We reclassified the
response options into a single dichotomous outcome variable
for physical activity, that is, whether the subject (1) met physical
activity recommendations (=150 minutes per week) or did not
meet the physical activity recommendations (<150 minutes per
week).

I ntentions to Change Behavior

We examined participants’ intentionsto change behavior based
on the 5 questions (all with yes or no responses): At any time
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in the last year, have you intentionally tried to (1) increase the
amount of fruit or 100% fruit juice you eat or drink, (2) increase
the amount of vegetables or 100% vegetable juice you eat or
drink, (3) decrease the amount of regular soda or pop you
usualy drink in a week, (4) lose weight, and (5) increase the
amount of exercise you get in atypical week?

Statistical Analysis

The outcome variable (OUTCOME) was a composite derived
from 3 survey variables. (1) own a smartphone (an
Internet-enabled mobile phone “such as iPhone android
BlackBerry or Windows phone’ differentiated from a “ basic
cell phone” hereafter referred to as” mobile phone” ) or device,
(2) have health apps on mobile phone or device, and (3) use of
health apps. Own a mobile phone or device was a
system-supplied derived variable to categorize responses given
to question B4 (possession of a mobile phone or tablet device).
Have health apps on mobile phone or device (question B5)
asked about health apps on a tablet or mobile phone. Use of
health apps (question B6a) asked whether the apps on amobile
phone or tablet helped in achieving a hedth-related goal.
OUTCOME consisted of 3 levels. Device-/App- (33.2% of
respondents), Devicet/App- (44% of respondents), and
Devicet/App+ (22.77% of respondents). Device referred to
having atablet or mobile phone, and App referred to having a
health-related app that ran on atablet or mobile phone. A total
of 93 of 3677 respondents were unable to be classified due to
missing data. These people were not used in the analyses. To
assess the relationship between OUTCOME and the
demographic or health behavior variables, simple unweighted
2-way crosstab tables were generated and tested with a
chi-square test of association. We used a cutoff of P<.05 to
determine statistical significance for all analyses.

We used the R programming language (R-Studio) and SPSS
(SPSSInc) for all datamodeling and analysiscarried out inthis
study.

Results

Principal Findings

From the 3677 total HINTS respondents, 3584 answered
guestions about whether or not they had a tablet computer or
mobile phone, or used apps. Figure 1 shows the participantsin
this study.
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Figure 1. Health Information National Trends Survey (HINTS) respondents’ use of mobile phones, tablets, and apps.

Total number of
respondents in HINTS 4
cycle 4 n=3677

Y

W

V

Respondents with a smartphone
or tablet computer (including
multiple devices) n=2,392

Respondents with a basic
cell phone n=820

Respondents with no basic cell phone,
smartphone, or tablet computer (incl 93

missing) n=464

YES (EQUIP) n=2,392

¥

V

Y

Respondents with “apps” for

health on their device
(EQUIP/APP) n=816

Respondents without “apps”
for health on their device
(EQUIP/NO APP) n=1,577

Have the apps on your tablet
or smartphone for health
helped you achieve a health-
related goal such as quitting
smoking, losing weight, or
increasing physical activity?

n=472

Demographic Variables Associated With App Use

Table 1 compares respondents grouped into Device+/App+,
Device+/App-, and Device-, according to sociodemographic
characteristics. As shown in Table 1, those who used health
apps (compared with those who either did not have apps or did
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NO (No EQUIP/NO APP)
n=1,191

not have the necessary equipment) were more likely to be
younger, live in metropolitan areas, have more education, have
higher income, speak English well, be Asian, and report
excellent health. There was no significant association between
both BMI and smoking status and app use.
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Table 1. Demographic variables associated with app usage.

Demographic variables Devicet/App+ Devicet/App- Device P value
nbC (9) n (%) n (%)
Sex (female vs male; n®°=3519) 808 (51.62) 1555(50.23) 1156 (55.29) .39
Age (18-44 years vs 45+ years; n=3415) 782 (65.62) 1552 (52.25)  1111(21.92)  <.001
Education (high school or less vs some college or college graduate, n=3444) 788 (12.72) 1535 (27.95) 1121 (51.82) <.01
Income (US $0-49,999 vs 50,000 or greater; n=3530) 808 (31.72) 1560 (42.20) 1162 (75.12) <.001
Race or ethnicity (white vs other; n=3273) 763 (71.85) 1453 (78.52) 1057 (83.68) <.01
BMI (normal vs overweight, obese; n=3420) 782 (33.71) 1524 (36.98)  1114(33.82) .49
Metro vs nonmetro (n=3584) 816 (92.10) 1577 (85.67) 1191 (78.93) <.001
Speak English (very well or well vs not well or not at all; n=3584) 759 (99.37) 1497 (97.13) 1089 (90.37) <.001
Self-rated health (excellent, very good, good vsfair or poor; n=3477) 795 (92.85) 1544 (89.74) 1138 (74.99) <.001

#The sample sizes (n's) listed for each variable in the far left column represent the total number of respondents across all app-usage categories
(Devicet/App+, Device +/App-, Device-) who answered that question.

bThe sample sizes (n's) listed for each variable within each cell represent the total number of respondents within a given app-usage category (either
Devicet+/App+, Device +/App-, or Device-) who answered that question.

CSample sizes vary for each variable due to missing values.

dPopulation estimates were used for the numerators and denominators in the calculation of percentages. Row percentages do not add to 100%, as the
table shows percentages within a given app-usage category (Devicet/App+, Device +/App-, or Device-).

e . perform physical activity, or lose weight. As Table 2 shows,
Association Between the Use O_f Apps ‘_3n_d Intentions participants with apps were significantly more likely to report
to Change Diet, Perform Physical Activity, and LOse  jntentions to improve fruit (P=.01) and vegetable consumption
Weight (P<.01), physical activity (P<.01), and weight loss (P<.01)
Table 2 shows the association between the use of apps (versus  compared with those in the Device+/App- or Device- groups.
Devicet/App- or Device-) with intentions to change diet,

Table 2. Association between the usage of apps for health-related goal and intentions to change diet, physical activity, or lose weight.

Health-related intention Device+/App+ Devicet/App-  Device- P vaue®
n (%) n (%) n (%)

Increase fruit 545 (63.76) 885 (58.50) 654 (48.94) 01

Increase vegetables 621 (74.92) 1023 (64.26) 717 (50.02) <01

Decrease soda 630 (84.96) 1135(82.76) 754 (77.36) .06

Increase physical activity 707 (82.99) 1237 (65.42) 769 (49.94) <.01

Lose weight 692 (83.36) 1259 (71.75) 881 (60.02) <01

8ggnificance between participants with apps (Device+/App+) compared with those not using apps or devices (Device+/App- or Device- groups).

. . for fruit and vegetable intake and physical activity. Participants
Association Be_tween the U.Se of Apps and Meeting in the Device+e?App+ group Werepn(i significantl)g/ more Iliakely
Reco_mmend-at.lonsfor Fruitand Vegetable I ntakeand to meet recommendations for fruit and vegetables compared
Physical Activity with those in the Device+/App- or Device- groups; however,
Table 3 shows the association between the use of apps (versus they were significantly more likely to exercise more than 2
Devicet+/App- or Device-) and meeting the recommendations  hours per week.

Table 3. Association between the use of apps for health-related goal and meeting recommendations for fruit and vegetables and physical activity.

Percent respondents meeting recommendations Devicet/App+ Devicet/App- Device- Pvalue®
n (%) n (%) n (%)

Fruit 804 (8.87) 1560 (7.96) 1161 (5.43) 25

Vegetables 809 (4.81) 1557 (3.01) 1155 (3.48) 27

Physical activity 801 (56.23) 1552 (47.79)  1144(37.69) <01

agignificance between participants with apps (Device+/App+) compared with those not using apps or devices (Device+/App- or Device- groups).
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Predicting Health App Adoption Only (Binary
Classification)

Table 4 presents the statistically significant odds ratios (ORS)
as derived using multivariate logistic regression when applied
to the entire dataset. As expected, those aged 45-64 years (OR
0.56) or 65+ years (OR 0.19) had areduced likelihood of having
adopted health apps relative to younger persons. It also showed
that males were dightly less likely (OR 0.80) to have a health

Carroll et d

app compared with females. The most significant finding was
the confirmation that graduates had significantly higher odds
(OR 2.83) of having a health app especially when compared
with those who had attained an education that was considered
“less than high school” (OR 0.43). The results aso indicated
that the category “completed high school only” had no predictive
ability for estimating whether a person had adopted a health

app.

Table 4. Statistically significant odds ratios derived using multivariate logistic regression when applied to the entire dataset for predicting health app

adoption only.

Variable Odds ratio P value
(95% CI)

Age (45-64 years) 0.56 <.001
(0.47-0.68)

Age (65+ years) 0.19 <.001
(0.14-0.24)

Sex (male) 0.80 <.01
(0.66-0.94)

Education (college graduate or higher) 2.83 <.001
(2.18-3.70)

Education (less than high school) 043 <.01
(0.24-0.72)

Education (some college) 1.70 <.01
(1.30-2.26)

Race (black) 125 .05
(0.99-1.55)

Predicting M obile Technology Adoption Only (Binary
Classification)

Table 5 presents the statistically significant ORs that increased
or decreased the likelihood that a person had adopted mobile
technology (tablet or mobile phone). Interestingly, there were
no statistically significant ORs for gender or racial categories.

However, similar to predicting health app adoption, both age
and education were significant variablesfor predicting whether
aperson had adopted a mobile device, especialy if that person
was a college graduate (OR 3.30). In addition, the results
indicated that the category “completed high school only” had
no predictive ability for estimating whether a person had adopted
amobile device.

Tableb. Statistically significant odds ratios derived using multivariate logistic regression when applied to the entire dataset for predicting mobile device

adoption only.
Variable Odds ratio (95% CI) P vaue
Age (45-64 years) 0.35 (0.28-0.45) <.001
Age (65+ years) 0.09 (0.07-0.12) <.001
Education (college graduate or higher) 3.30 (2.65-4.11) <.001
Education (less than high schoal) 0.51 (0.37-0.70) <.001
Education (some college) 1.87 (1.50-2.32) <.001

Discussion

Principal Findings

Our first objective was to describe the sociodemographic and
health behavior characteristics associated with health app use
inarecent US nationally representative sample. Consistent with

http://www.jmir.org/2017/4/e125/
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previous findings [ 7], we found that those who were younger,
had more education, reported excellent health, and had a higher
income were more likely to use health apps. Our predictive
modeling using multivariate logistic regression showed that
education, sex, gender, and race were only mildly to moderately
potent in predicting mobile technology adoption.

JMed Internet Res 2017 | vol. 19 | iss. 4 |€125 | p.136
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Our second objective wasto assessthe behavioral and attitudinal
predictors of the use of health apps for health promotion. We
found that participantswith appswere also morelikely to report
intentionsto improve fruit and vegetable consumption, physical
activity, and weight loss. Finally, the third objective was to
examine the association between the use of health-related apps
and meeting the recommended guidelinesfor fruit and vegetable
intake and physical activity. We found that participants in the
health apps group were significantly more likely to meet
recommendations for physical activity compared with those
without a device or health apps.

Comparison With Prior Work

This study shares some similarities with previous HINTS
analyses. For example, McCully et a [19] reported that users
of the Internet for diet, weight, and physical activity tended to
be younger and more educated and that Internet use for these
purposes was more likely to be associated with higher fruit and
vegetable intake and moderate exercise. However in that study,
women were no more likely than men to use the Internet for
diet, weight, and physical activity, which was different from
our findings. In that study, minorities were more likely to use
the Internet; in our study, we found no such association.
Consistent with our findings, Kontos et a found that males,
those with lower education, and older US adultswerelesslikely
to engage in anumber of eHealth activities[18]. Similar to their
findings 3 years ago, our findings pointed to differences by
education for app use for health promotion.

The association between app use, intention to change lifestyle
behaviors, and actually meeting recommendations for healthy
lifestyle factors is interesting and could be due to several
reasons. First, it is possiblethat there are preexisting differences
inindividualswho engage with health apps compared with those
who do not. Users of health apps may have greater motivation
and interest in changing their diet, weight, or physical activity.
A recent review found that very few available apps provided
evidence-based support to meet lifestyle recommendations[13].
It could also be that app users are engaging with health appsto
help them simply track or self-manage differently than their
counterparts; thus, there could be differences in preferences or
needs. Due to the correlational nature of the data, we cannot
draw conclusions about the relationships or causal pathways.
Similar observations have been reported in a study of users of
the Internet for diet, weight, and physical activity promotion
[19].

The prevalence of app usagein our study was 22% (816/3677).
This is a doubling from the Kontos study in which 11.7%
downloaded info onto a mobile device. Although the questions
in these 2 HINTS datasets were worded differently (eg,
“downloaded” is broader and not referring exclusively to
downloading an app), it suggeststhat demand for apps continues
to rise and offers potential for reaching a growing segment of
the US population.

http://www.jmir.org/2017/4/e125/
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Our findings provide evidence for educational, age, and gender
differences in the use of maobile devices and health apps.
Educational attainment, age, and gender have been previously
shown to beimportant predictors of adoption of mobile devices
and apps [18]. Educational attainment appears more important
than other variables commonly used as proxies for
socioeconomic position (eg, income, race or ethnicity). The
reasons for the educational differences are unclear, but may
reflect skillsand confidence with the use of devicesand possibly
socia horms related to perceived value. Similarly, age likely
reflects both social norms and cohort effects, that is, exposure
during younger agesto these devices and apps. The reasons for
gender differences are less clear, but may reflect differencesin
health-seeking behavior, and interest and participation in healthy
lifestyle interventions generally.

Limitations

This study had limitations that should be kept in mind when
interpreting results. First, HINTS is a cross-sectional survey;
although it is a nationally representative cohort of individuals,
wewere not ableto evaluate thetrendsin an individual’s health
app use over time. There is the possibility of unmeasured
confounding, that is, unidentified factors that might be
associated with app use and intentions or health behaviors,
which could influence the interpretation of results. Although
the results showed association, it did not indicate a causal
relationship. This study could not answer the question of
whether more motivated individual s sought out apps, or whether
app useimproved motivation and health outcomes. Furthermore,
some of the cells for subgroups were small, thereby limiting
the generalizability of some of the subanalyses. As with all
cross-sectional surveys, this was a study of association, not
causation. Finally, we were limited by the questions that were
asked inthe HINTS survey. For example, wedid not have details
about specific health apps or features of apps used, theintensity
of use, whether the apps were interactive and linked to other
health promoation supports (eg, telehealth), and other strategies
used for health behavior change. Despite these limitations, the
results did identify areas for future research and add to the
knowledge base about predictors of the use of health apps.

Conclusions

Compared with previous studies, many individual
sociodemographic factors are becoming less important in
influencing engagement with mobile devices and health app
use; however, differences persist for gender, age, and
educational attainment. Ashealth care undergoestechnol ogical
transformation with its electronic health records systems and
individuals' accessto their records, there are many opportunities
for clinical care modelsto be expanded and improved, perhaps
through the use of apps as a means for sharing data, although
this remains an unanswered question. This study contributes to
theliterature by providing up-to-dateinformation on popul ations
most and least likely to use health apps to guide clinical
interventions, commercial developers, and public health
programs when designing eHealth technol ogy.
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Abstract

Background: Mobiledevice-based ecological momentary assessment (mobile-EMA) isincreasingly used to collect participants
data in real-time and in context. Although EMA offers methodological advantages, these advantages can be diminished by
participant noncompliance. However, evidence on how well participants comply with mobile-EMA protocols and how study
design factors associated with participant compliance is limited, especialy in the youth literature.

Objective: To systematically and meta-analytically examine youth’s compliance to mobile-EMA protocols and moderators of
participant compliancein clinical and nonclinical settings.

Methods: Studies using mobile devices to collect EMA data among youth (age <18 years old) were identified. A systematic
review was conducted to describe the characteristics of mobile-EMA protocols and author-reported factors associated with
compliance. Random effects meta-analyses were conducted to estimate the overall compliance across studies and to explore
factors associated with differencesin youths' compliance.

Results: Thisreview included 42 unique studies that assessed behaviors, subjective experiences, and contextual information.
Mobile phones were used as the primary mode of EMA data collection in 48% (20/42) of the reviewed studies. In total, 12%
(5/42) of the studies used wearable devices in addition to the EMA data collection platforms. About half of the studies (62%,
24/42) recruited youth from nonclinical settings. Most (98%, 41/42) studies used a time-based sampling protocol. Among these
studies, most (95%, 39/41) prompted youth 2-9 times daily, for a study length ranging from 2-42 days. Sampling frequency and
study length did not differ between studies with participants from clinical versus nonclinical settings. Most (88%, 36/41) studies
with atime-based sampling protocol defined compliance as the proportion of prompts to which participants responded. In these
studies, the weighted average compliance rate was 78.3%. The average compliance rates were not different between studies with
clinical (76.9%) and nonclinical (79.2%; P=.29) and studiesthat used only amobile-EMA platform (77.4%) and mobile platform
plus additional wearable devices (73.0%, P=.36). Among clinical studies, the mean compliance rate was significantly lower in
studiesthat prompted participants 2-3 times (73.5%) or 4-5 times (66.9%) compared with studieswith a higher sampling frequency
(6+ times: 89.3%). Among nonclinical studies, ahigher average compliance rate was observed in studies that prompted participants
2-3 times daily (91.7%) compared with those that prompted participants more frequently (4-5 times. 77.4%; 6+ times: 75.0%).
Thereported compliance ratesdid not differ by duration of EMA period among studiesfrom either clinical or nonclinical settings.
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Conclusions: The compliance rate among mobile-EMA studies in youth is moderate but suboptimal. Study design may affect
protocol compliance differently between clinical and nonclinical participants; including additional wearable devicesdid not affect
participant compliance. A more consistent compliance-related result reporting practices can facilitate understanding and
improvement of participant compliance with EMA data collection among youth.

(J Med Internet Res 2017;19(4):€132) doi:10.2196/jmir.6641

KEYWORDS

ecological momentary assessment; compliance; youth; mHealth

Introduction

Background

Thereisagrowing interest in studying the dynamic relationship
among individuals experiences, socia or physica
environments, and behaviors. The assessment of these dynamic
relationships is enhanced by the development of momentary
data collection strategies, such as experience sampling methods
(ESM) and ecological momentary assessment (EMA) [1].
Studies using these strategies usualy require that their
participants provide self-report ratings of their current or
near-current experiences, environments, and behaviors. As
summarized by Shiffman et a [1], these repeated “in the
moment” measurements offer numerous methodological
advantages over traditional assessment strategies. First, the
momentary assessment of participants current or immediate
past experiences or behaviors reduces the recall bias inherent
intraditional retrospective survey methods. Second, the “in the
moment” and “in the context” measurements collected in natural
settings provide data that is more relevant to the current social
or physical environments, thereby providing more ecologically
valid data. Third, the daily intensive repeated measurements
allow for examinations of immediate antecedents and
consequences of behavior in real-time, capturing within-day,
within-person behavior, and experience variations across time.

EMA studies can be broadly categorized into (1) time-based
and (2) event-based designs. These strategies provide different
insights about the study participants. The time-based strategy
usually aims to acquire representative characteristics and
patterns of behaviors and experiences across time, whereas a
study using an event-based strategy aimsto examine antecedents
and consequences of specific behaviors or experiences[1]. On
the basis of the study rationales, variations of time-based (eg,
prompting participants at random times and within a window
of time) and event-based (eg, participant self-initiated self-report
in response to occurrence of specific events or prompted by
sensed events, such as location via Global Positioning System
(GPS), or bouts of physical activity viaaccelerometer) strategies
have been used, either on their own or in combinations.
Technology innovations have transformed and enhanced
momentary data collections in natural settings during the past
decade. Features specific to mobile technology have provided
solutionsfor many challengesthat early EMA researchersfaced.
For example, some noncompliant behaviors, such as backfilling,
or completing all the assigned diaries in bulk at the same time
[2], can be effectively addressed by disabling prompt access on
a mobileEMA platform after a specific time window.
Furthermore, mobile technologies provide researchers with

http://www.jmir.org/2017/4/e132/

time-stamped data on participant compliance that allow for a
more reliable and objective measurement of participant
compliance as compared with traditional paper-and-pencil recall
methods, which have been shown to produce an inflated
compliance rate [3]. These noncompliant behaviors (eg,
backfilling), as well as other sources of bias (eg, missing
assessments due to engagement in other activitiesthat compete
for participants’ attention), can yield biased data that no longer
corresponds to the moment when the behaviors or experiences
of interest occurred, thereby reducing ecological validity of the
collected data. A major strength of mobile technologiesis the
readily available features that can validate the timeliness of
participants’ response (eg, built-in sensors, phone usage data,
and automatic timestamp) that can objectively measure response
compliance. These can enhance the validity of momentary data
collected in mobile technology-based EMA studies. Various
emerging mobiletechnol ogies have been incorporated into EMA
studiesthroughout the past decade; for example, personal digital
assistants (PDAS), palmtop computers, and more recently,
smartphones. Among participants acrossall age groups, mobile
device-based EMA studies offer promising opportunities for
researchers to study behavior and experience, especialy in the
youth population. Youth are “digital natives’ [4] and are
considered adept in and comfortable with technology in their
day-to-day life activities, for example, for communication [5,6],
and for receiving health-related intervention materials [5]. The
high acceptability and ubiquity of digital and mobile devices,
along with the methodological advantages, presents valuable
opportunitiesfor researchersto engage young study participants
in EMA studies. During the recent decade, mobile device-based
EMA has been widely utilized to assess and understand the
dynamic relationship among youth’'s behaviors, experiences,
and pertinent contextual information in the youth population.

Although collecting momentary data using mobile technologies
offersmany advantages, these advantages depend on the quality
of the collected data. Incorporation of mobile technologies in
EMA studies can facilitate momentary data collection with an
improved measurement of compliance and possibly in ahigher
frequency than using more conventional collection techniques.
Although this provides an opportunity to understand behavior
on amore granular level, systemic missing data (eg, participant
noncompliance or engagement in competing activities) still
threatens data quality. As stated above, several features of
mobile technologies can minimize the impacts of some types
of noncompliance behavior (eg, backfilling) on data quality.
Nonetheless, as EMA study protocols usualy involve
participants being repeatedly interrupted and asked to provide
self-reported information, these demands on study participants
can lead to high perceived participant burden, and to
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noncompliance [2]. In the context of mobile-EMA studies,
possible sources of participant burden include, but are not
limited to, the use of technology (eg, familiarity with the
reporting platform and incorporation of additional wearable
devices), technological issues (eg, problems with the reporting
platforms), study design (length of monitoring and daily
sampling frequency), and quality, complexity, and the duration
of prompts. Nonetheless, there are alimited number of studies
that systemically review participant compliance to EMA
protocols[1,3,7-9] and only one review specifically focuses on
youth populations [9]. In the review, Liao et a [9] included 13
studies and observed an average compliance rate of 71%. This
review, although an important contribution to the literature, was
limited to obesity-related behaviors and did not quantitatively
examine rel ationship between participant compliance and study
design factors. This systematic review and meta-analysis,
therefore, expands upon Liao et al findings by examining
compliance to EMA protocols in youth involving a variety of
self-reported behaviors and experiences, and by quantitatively
assessing the relationships between compliance and some
aspects of study design. Werestrict theinclusion to studiesthat
usedigital momentary assessment techniqueswhere compliance
is electronically time stamped on the momentary level.

Aims of This Study

The first aim of thisreview isto describe the characteristics of
EMA protocols conducted among pediatric popul ations across
a wide spectrum of health behaviors. The second aim is to
quantify overall compliance rates and to examinethe association
between study design factors (length of monitoring period and
daily sampling frequency) and reported compliance using a
meta-anal ytic approach. Studies using clinical and nonclinical
samples were both included in the review; however, given that
study populationsand objectives often differ quite substantially
for these types of studies, they were examined separately and
the results were compared. The exploratory aim of this study
is to examine the association between participant compliance
and other pertinent study design variables (eg, inclusion of
additional wearable devices and incentive structure) on a post
hoc basis. Finally, thisstudy will also provide recommendations
for future research that incorporates mobile devicesin collecting
real-time self-reported data to maximize the advantages of EMA
methodologies.

Methods

Data Acquisition

A comprehensive literature search was conducted using the
publicly accessible academic literature search engines (PubMed,
PsycINFO, Journal of Medical Internet Research, and Google
Scholar) from inception to March 28, 2016. The search terms
employed in this review were composed of two components:
(1) termsrelated to EMA and (2) terms related to participants
aged 18 years or younger. Terms related to EMA were
“ecological momentary assessment,” “ecological momentary
intervention,” “momentary,” “experience sampling methods,”
“event sampling methods,” and “daily diary methods.” Terms
related to participant age were “ adolescent,” “child,” “children,”
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and “youth.” Additional empirical studieswereidentified from
the citations of the articles.

Inclusion and Exclusion Criteria

Criteriafor Inclusion in the Qualitative Systemic Review

Abstracts and full articles of the retrieved titles were screened
for relevance. The article selection strategies, inclusion criteria,
and exclusion criteria were determined in consensus meetings
among authors. In order to beincluded in the systematic review,
studies were required to (1) be an empirical study; (2) employ
EMA strategies, including diary methods with more than one
entry per day, ESM, and event sampling methods; (3) utilize
mobile technologies for EMA data collection (cell phones,
PDAs, smartphones, and so on); and (4) include children or
adolescent (age <18 years) participants. Studies that involved
adult participants (age >18 years), in addition to children and
adolescents, wereonly included in thereview if separate analytic
or descriptive results were presented for the children or
adolescents subgroups. Studies with any of the following 5
exclusion criteria were excluded: (1) did not utilize any
electronic, wearable, or mobile technology; (2) utilized
paper-based diaries to collect momentary data; (3) collected
momentary or diary data once or less than once per day during
the monitoring period; (4) utilized call-based (phoneinterview)
data collection; and (5) data collection did not take place in
free-living natural settings.

Criteriafor Inclusion in the Meta-Analysis

A subset of studies meeting the criteriafor the systematic review
wasincluded in the meta-analysis portion of the study. To meet
the criteria for meta-analysis, studies were required to report
(1) sufficient information that permitted the calculation of an
average compliance rate (eg, percentage of EMA prompts
answered) to be used as effect size (ES), (2) number of
participantsin the study, and (3) daily prompting frequency and
length of monitoring period.

Meta-Analysis Procedures

Random effects meta-analyses were conducted to (1) examine
the average rate of compliance with EMA protocols pooled
across dl included studies and then across studies with clinical
participants and nonclinical participants separately, and (2) to
explore potential between - study differences in compliance
rates based on daily prompting frequency and length of
monitoring. A post hoc analysis was conducted to examine
whether thereisadifferencein compliance rates among studies
(1) with and without wearable devices in addition to the
mobile-EMA platform and (2) with a fixed and incremental
incentive strategy. In meta-analyses, study level averages are
synthesized rather than individual participant data. Accordingly,
compliance rateswere operationalized asthe average proportion
of prompts completed by a participant in agiven study (ie, the
actual number of prompts completed divided by the number of
prompts specified by the study protocol). To calculate an ES
adequate for the analysis of proportions [10], the compliance
rateswerelogit-transformed and standard errorswere cal culated
accordingly as shown in Figure 1, where p is the proportion of
completed prompts and n is the effective sample size in the
study.
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In this review, an adequate calculation of the standard errors
(and hence the inverse variance weights used in meta-analysis)
is complicated by the fact that EMA studies involve a nested
study design, with multiple observations (prompts) clusteredin
participants. In this case, the effective sampl e size of each study
needsto account for the clustered design. Following the methods
recommended in the Cochrane Handbook for Systemic Review
of Interventions[11], this can be achieved by adjusting thetotal
sample size (ie, total number of prompts in a study) by the
intraclass correl ation coefficient (ICC) representing the variation
of compliance between- and within-study participants. Eight
studies reported the variance in participant compliance, which
prevented thisreview from estimating | CCs separately for each
included study. In the 8 studies that reported this information,
therange of participant-level standard deviationsin compliance
was 5.96-29.98%. Accordingly, the sample sizes used to
calculate the standard errors were adjusted by I CCs reflecting

Figure 1. Calculation of effect size.

B p — e
ES, = log, l(l—p)l and S, = an = n(1-p)

Moderator Analyses

The second goal of this meta-analysis was to examine the
association between EMA study design characters (average
daily prompting frequency and length of monitoring period)
and participant compliance rates. Both average daily prompting
frequency and length of monitoring were coded based on
information described in the reviewed publications. For studies
that employed different frequenciesfor weekends and weekdays,
an average daily prompting frequency was calculated by
dividing the total number of times participants were prompted
by the number of study days.

The associations between study design variables (ie, length of
EMA protocols and sampling frequency) and reported
compliance were examined using random effects analysis of
variance (ANOVAS) with inverse variance weights. Models
that examine the association of compliance with (1) study length
and (2) daily prompting frequency were estimated separately
for studies with participants from nonclinical or clinical
populations. The length of study protocol was operationalized
asstudy length <1 week, >1 week and <2 weeks, and >2 weeks,
and the prompting frequency was operationalized as prompting
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this range: the meta-analyses were conducted using an ICC
calculated assuming lower (SD 5.96%), intermediate (SD
15.00%), and higher (SD 29.98%) values of the ICC, and results
were compared in sensitivity analyses. The sensitivity analyses
showed that the results were not affected by different ICC
values, and only results estimated using the intermediate ICC
value are presented here.

The Q statistic was computed by summing the sguared
deviations of each study’s ES from the average pooled ES and
was used to test the statistical significance of between-study

heterogeneity in compliance rates. The I? statistic, which
estimates what proportion of the between-study varianceis due
to actual differences rather than chance, was used to quantify
the magnitude of between-study heterogeneity, with values of
25%, 50%, and 75% representing low, medium, and high
heterogeneity, respectively [12].

1

frequency of 2-3 times per day, 4-5 times per day, and =6 times
per day to ensure that each category included a sufficient amount
of studiesfor the purposes of comparison. We considered testing
the interaction term of study length and prompting frequency,
but did not conduct this analysis because therewould have been
no or very few studies in several categories comprising the
interaction effect. All meta-analysis procedures were conducted
using Comprehensive Meta-Analysis (version 3, Englewood
NJ, USA).

Results

Study Selection

A total of 6826 nonduplicate titles were identified. Of these,
6803 wereidentified using search enginesand 23 wereidentified
through cited work from the articles screened. After reviewing
abstracts and full-text articles for inclusion and exclusion
criteria, 91 empirica articles representing 42 unique studies
wereincluded inthe qualitative systematic review and 36 studies
were included in the meta-analysis portion of the study. The
detailed study selection process is outlined in Figure 2, the
preferred reporting itemsfor systemic review and meta-analysis
(PRISMA) diagram [13].
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Figure 2. The preferred reporting items for systemic review and meta-analysis (PRISMA) diagram.

Participant Characteristics

Among studies included in the systemic review, the average
number of participantsin the analytic sample across studieswas
98.81 (SD 130.66; range 5-562). Acrossall studies, the average
proportion of female participants was 56.4%, where 3 (7.1%)
recruited only female participants. Excluding these 3 studies,
the average proportion of female participants was 52.7% (SD
18.7%,; range 7.6-86.7%). A majority of the included studies
(n=26, 61.9%) recruited only participants from community or
nonclinical settings. The 16 studies with clinical populations
focused on youths with various health conditions: attention
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deficient/hyperactivity disorder [14-16] (25%, 4/16), juvenile
idiopathic arthritis (JA) [17-19] (25%, 4/16), asthma (13%,
2/16), type 1 diabetes (T1D) [20,21] (13%, 2/16), high function
autism and Asperger’s syndrome (HFASD) [22] (6%, 1/16),
concussion patients [23] (6%, 1/16), neurology clinic patients
[24] (6%, 1/16), and recovery patients [25] (6%, 1/16). A
detailed outline of the study participants can be found in
Multimedia Appendix 1.
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Study Char acteristics

Study Length

Thelength of EMA protocols ranged from 2 to 42 days (13.27
[SD 9.08]). The average length of monitoring was not
statistically different between studies with nonclinical
participants (mean 11.4 days [SD 6.9; range 4-30 days]) and
clinical participants (mean 16.3 days[SD 11.2; range 2-42 days);
t,,5=—1.598, P=.12).

Sampling Strategy

A total of 33 (78.6%) studies utilized only time-based sampling
protocols, 1 study (2.4%) used only an event-based sampling
protocol, and 8 studies (19.0%) used a combination of both
time- and event-based sampling protocols.

Among the 41 studies with atime-based sampling component,
prompting schedules included random prompts during
predetermined time intervals (n=31, 75.6%; eg, one random
prompt for each 2 hinterval), prompts at afixed schedule (n=8,
19.5%; eg, every 30 min during waking hours), prompts at a
personalized time (n=1, 2.4%; eg, participant’s own blood
glucose check schedule), and one study did not report the
prompting scheme. Prompting schemes of which participants
were prompted is shown in Multimedia Appendix 2. Studies
assessed a wide range of behaviors (eg, current activity, meal
consumption, alcohol consumption, self-injury behavior,
unprotected sexual behavior, and disease management),
subjective experience (pain, mood, stress, appetite, attention,
functional limitations, level of enjoyment, and level of control),
and contextual information (current physical location, presence
of social companion, presence of smoking cue, and food
availability).

Among the 9 studies with an event-based protocol, participants
in 8 studies were asked to initiate self-report after occurrence
of certain thoughts or emotions such as positive feglings [26],
negative fedings [26,27], self-injury thoughts [28]), physical
symptoms [27], behaviors (ie, drinking [29], smoking [30,31],
eating occasion [32], or self-injury behavior [28]), or exposure
to smoking or alcohol-related mediacampaigns[33]. One study
[34] automatically sent an EMA prompt approximately 5 min
after using a Bluetooth-enabled inhal er. Multimedia Appendix
3liststhe experiences and/or behaviorsthat theincluded studies
asked their participants to self-report for the event-based
protocol.

Sampling Frequency

A mgjority of theincluded studies (95%, 39/41) prompted their
participants 2-9 times during each day of EMA data collection.
It was found that 2 (4.9%) studies prompted participants more
than 25 times each day and 10 (24.3%) studies reported
prompting participants in different frequencies on weekdays
versus weekend days. Excluding the two studies that prompted
participants more than 25 times each day, the average prompting
frequency was 4.2 times per day (range 2-9) for studies with
nonclinical participants and 3.6 times per day (range 2-7) for
studies with clinical samples.
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Sampling Devices

EMA data was collected using electronic diaries (n=1, 2.3%),
wearable platforms (n=1, 2.3%), iPods (n=2, 4.6%), PDAs
(n=10, 23.8%), palmtop computers (n=12, 28.4%), and mobile
phones (n=16, 48.1%). A small proportion of studies (n=5,
11.9%) reportedly used participants own phone or mobile
phonesto implement EMA datacollection. Four of these studies
sent text messages to participants’ own phones or mobile phones
for EMA datacollection and one allowed participantsto choose
between using a mobile phone provided by the study and their
own smart devices. A small proportion of studies (n=5, 11.9%)
used wearable devices in addition to the EMA data collection
platform. Devices utilized in addition to the EMA datacollection
platform included accelerometers [34-37], heart rate monitors
[35,36], Bluetooth-enabled inhalers [34], and glucometers[21].

I ncentive for Participants

A mgjority of thereviewed studies (n=28, 66.67%) reported the
strategy used for incentivizing study participants. Among these
studies, most of them (n=26, 92.86%) provided monetary
incentiveto their participants. Two studies reported using other
nonmonetary incentive strategies, for example, raffle [26] and
level-up (promotion) inthe EMA software platform [18]. Among
studiesthat provided study participants with monetary incentive,
study participants were compensated either (1) in afixed amount
(n=16, 57.14%; ranged from US $40 to US $200) or (2) an
incremental amount of monetary incentive (n=10, 35.71%). In
studies that used the latter approach, participants received a
base amount of compensation (ranged from US $20 to US $50)
for participation with additional incentivein various rate based
on author-specified compliance thresholds. Nonethel ess, there
is no clear common rationale for determining the level of
incentive observed among the reviewed studies. Detailed
information about the incentive structure used in these studies
can be found in Multimedia Appendix 1.

Compliance as Reported in the Original Studies

Definition of Reported Compliance

Among studieswith atime-based sampling protocol component
(N=41), the magjority (n=36, 87.8%) defined participant
compliance as percentage of prompts to which participants
responded. Two studies included response latency, or the time
difference between a prompt and participant’s response to that
particular prompt, as part of the definition of compliance (eg,
percentage of prompts responded within 30 min of the first
notification [27]). One study provided the percentage of
participants who reached a predetermined compliance cutoff
(ie, percentage of participants completed 28 entries [28]). The
definition of compliance among time-based sampling protocols
is listed by study in Multimedia Appendix 2. Among studies
that reported compliancein the format of proportion of prompts
completed (n=36), the reported compliance rates ranged from
54.6% to 96.21%. Approximately 31% of the reviewed studies
(n=13) reportedly excluded participants from the analytic sample
because they were considered dropouts or did not meet a
minimal compliance threshold.

Among studies with an event-based sampling protocol
component (n=9), the majority (n=8, 88.9%) asked participants
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to initiate self-report. These events to initiate self-reports
included occurrence of behaviors [27-32,34], media exposure
[33], or subjective experiences [26-28] during the monitoring
period (Multimedia Appendix 3). Limited information about
compliance was available from the 8 studies with event-based
protocols. Among these studies, 6 reported compliance in the
format of count of prompts that contained information about
the behavior of interest. One (11.1%) study with an event-based
protocol asked participantsto respond to EMA promptstriggered
by events (ie, use of theinhaler) sensed by a Bluetooth-enabled
inhaler [34]. In this study, compliance was reported as the
proportion of answered promptstriggered by the sensed use of
the Bluetooth-enabled inhal er. The compliance rate reported in
this study was 47.90%.

Reported Correlates of Participant Compliance

Among studies with clinical participants (n=17), 8 examined
correlates of compliance and reported no significant association
between prompt completion rate and day of the week [18,20],
time of day [18,20], age [19,20,22,24,34], gender
[18-20,22,34,38], disease status [19,20,22,24,34,38], and
technical difficulties [17]. One study reported that prompt
completion rate was positively associated with participants
intelligence quotient (1Q) [22]. Three studies reported declines
in completion rates over time reported [17,19,20] and one did
not observe such a difference [18]. One study documented
reasonsfor missing assessmentsincluded technical issues (“did
not hear the notification”) [20] and the timing of the prompt
[20].

Reported significant correlates of compliance among studies
with nonclinical participantsincluded gender [39-41], ethnicity
[36,40], health condition [42], and baseline affect [41,43].
Weekday status [36,44] and participant age [36,40] were
reportedly not associated with prompt completion rate. Mixed
findings on the correlation of prompting time of the day and
completion rate were reported in 4 studies [36,39,44,45].
Declinesin participants’ compl etion rate over the course of the
study were reportedly tested in 4 studies [30,31,39,46] and 3
reported a significant completion rate decline[30,39,46]. It was
found that 5 studies documented reasons for missed assessments.
These reasonsincluded participants engagement in competing
activities [42,47], device mafunction [36,46,47], not hearing
the notification [42], and participant forgetfulness [30,46].
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Average Rates and M oder ator s of Participant
Compliance: Meta-Analysis Results

Average Compliance Rate

A tota of 36 studies with a time-based EMA protocol were
included in the meta-analysis portion of the study. After
accounting for the cluster effect of momentary assessments
within participants, the average compliance rate across the
included studies was 78.26% (95% CI 75.49-80.78%), and the
average compliance rate was not associated with the average
age or gender proportion of the study participants. The average
compliance rates were not statistically different between (1)
studies with EMA data collected using one mobile platform
(77.44%, 95% ClI [ 73.59-80.88%]) compared with studiesusing
a mobile platform with additional wearable devices (n=5,
73.00%, 95% CI [61.75-81.91%]; z=—0.91, P=.36); (2) studies
using a fixed incentive strategy (n=15, 79.08%, 95% ClI
[69.08-86.48%)]), an incremental incentive strategy (n=10,
72.95%, 95% CI [62.36-81.44%]), and did not report using an
incentive strategy (n=10, 80.15%, 95% CI [73.00-85.77%y));
and (3) studieswith participantsfrom clinical settings (76.92%,
95% Cl [70.76-82.11%]) compared with studies with
participants from nonclinical settings (79.15%, 95% ClI
[75.59-82.32%]; z=-1.06, P=.29). There was substantial
between-study variation in compliance rates for both studies

with clinical (17=48.33%, Quu4=27.09, df=14, P=.02) and

nonclinical participants (12=66.93, Q.4 =60.48, df=20, P<.001).
Thus, the examination of moderators of ESs was warranted.

Daily Prompting Frequency asModerator of Compliance

Daily prompting frequency significantly moderated the
compliance rates among clinical (Qpeyyeen=9-78, df=2, P=.008;

R?=.74) and nonclinical (Qpeyeen=15.13, df=2, P<.001; R?=.44)
studies. Among studieswith clinical participants, the compliance
rateswere significantly higher in studiesthat employed the most
frequent prompts (6 or moretimesaday) compared with studies
with less frequent sampling of 2-3 times per day (z=—2.68,
P=.007) and 4-5 times per day (z=—3.10, P.002). Conversely,
among studieswith only nonclinical participants, the compliance
rates were significantly higher in studies that prompted
participants the least frequently (2-3 times a day), compared
with studieswith prompting frequencies of 4-5 times (z=—3.81,
P<.001), or 6 or more times per day (z=—3.53, P<.001; Table
1).
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Table 1. Prompting frequency by intensity category.

Wen et a

Setting Prompting frequency n Compliance (95% ClI) R2 adog Q residual a 12 (%)b
(# of prompts per day)
Clinical 2-3times 11 73.47 (67.45-78.73)4 0.74 14.97 (df=12) 19.82
4-5times 4 66.94 (53.50-78.09)
6+ times 2 89.28 (78.83-94.90)
Nonclinical 2-3times 6 91.73 (85.48-95.44)4 0.44 38.27 (df=18) 52.96
4-5times 13 74.42 (59.37-85.29), P=.004
6+ times 5 75.00 (59.21-86.12)¢
8Qresiqual: test for residual between-study variance (not explained by the moderator) against zero.
92 percentage of the residual variability that is due to heterogeneity rather than sampling error.
®P=.007, compared to study with a prompting frequency of 2-3 times.
dp=007, compared to study with a prompting frequency of 6+ times.
dp=002, compared to study with a prompting frequency of 6+ times.
€p<.001, compared to study with a prompting frequency of 2-3 times.
fP<.001, compared to study with a prompting frequency of 2-3 times.
dP<.001, compared to study with a prompting frequency of 6+ times.
Table 2. Length of monitoring by week.
Settings Length of EMA® monitoring n Compliance (95% ClI) R%adog  Qresidual ” 12 (%)°
(number of weeks)
Clinical 1 6 78.13 (64.37-87.61) 0 26.67 (df=12) 55.01
2 5 73.46 (53.74-86.84) P=.009
3+ 6 75.47 (56.86-87.78)
Nonclinical 1 14 75.81 (70.39-80.52) 0.11 51.43 (df=18) 65
2 5 76.77 (61.30-87.33) P<.001
3 5 83.95 (74.69-90.71)

3EMA.: ecological momentary assessment.

bQ@ dual- test for residual between-study variance (not explained by the moderator) against zero.

92 percentage of the residual variability that is due to heterogeneity rather than sampling error.

Study Length as Moderator of Compliance

There were no significant differences in reported compliance
between studies that engaged participantsin an EMA protocol
for 2 and 3 or more weeks compared with studies that engaged
participants for 1 week or less, among both studies with
participants from clinical (Qpeween=0.33, df=2, P=.85) and
nonclinical (Qpeween=2.60, df=18, P=.27) settings (Table 2).

Discussion

Principal Findings

The aim of this study was to provide an up-to-date review of
evidence on youths' compliance to real-time EMA protocols
operated on mobile platforms. Interest in using EMA with
mobile technology in youth is growing rapidly, as documented
by the sizable number of mobile-EMA studies conducted to
capture various aspects of youth'slife. In the reviewed studies,
we estimated an average compliancerate of 78.3% across studies
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using time-based prompting protocols. Although this rate is
comparable with the rate of 71% (range 44-96%) observed by
Liao et a [9], this study’s estimate is lower than the EMA
compliance rate reported in the adult populations [48] and just
falls short of the 80% rate recommended by Stone and Shiffman
[49]. Considering that close to 30% (n=11) of the reviewed
studies reported acompliancerate that islower than 70%, there
isaneed to identify factorsthat may impact youths' compliance
to mobile-EMA protocols in order to facilitate more optimal
compliance rates.

Study Design and Completion Ratesin Time-Based
Protocols

The study designs varied considerably both in terms of the
overall length of EMA monitoring and in terms of the frequency
with which youths were prompted to complete momentary
assessments per day. Thisallowed us to examine whether these
specific EMA study design factors moderate compliance rates.
Our meta-analytic findings provided evidence that the
compliance rates are significantly different among studies of
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different daily frequency of assessments. Importantly, although
being significant for both nonclinical and clinical samples, the
effect was in opposite directions for clinic and nonclinic
participants. Among the 17 studies with participants from
clinical settings, the two studies with the highest prompting
frequency had a significantly higher compliance rate of 89.3%
compared with studieswith aless intense prompting frequency
(73.5% for studieswith thelowest frequency; 66.9% for studies
prompted participant 4-6 times a day). Conversely, among
studies with nonclinical participants, we estimated an average
compliance rate of 91.73% among studies with the lowest
prompting frequency and was significantly higher than the rate
in studies that prompted participants for 4-5 times or 6+ times
per day (74.4% and 75.0%, respectively). These results suggest
that the association between prompting frequency and
compliance differ between participants from nonclinical and
clinical settings.

We can only speculate on the potential reasons for this result.
One possihility isthat studiesin nonclinical and clinical settings
differ in the content of the questions and how meaningful they
areto respondents. Clinical studies commonly tap into medical
and disease-rel ated aspects of daily lifethat may beintrinsically
relevant to the young patients. On the other hand, the content
of EMA prompts in nonclinical studies may appear less
intrinsically relevant to respondents, which may decrease
compliance when the assessments are more frequent.

On the other hand, the meta-analytic results indicate that the
overall compliance rateswere similarly moderate among studies
with different lengths (number of weeks) of EMA monitoring
in either setting. However, as several reviewed studies with
clinical [17,19,20] and nonclinical [30,39,46] participants
reported declines in compliance rates over the course of study
period, these results suggest that young participants compliance
to EMA protocols might deteriorate over time. These results
emphasize the need for developing a more nuanced
understanding of the possible factors and strategies that sustain
youths' motivation to complete EMA prompts over extended
periods of time. Several strategies (eg, reward systems, rotating
item administration) were utilized as mechanisms for
maintaining youths motivation to comply with longer EMA
protocols. The post hoc analysisresults further indicate that the
average compliance rates did not differ between studies with a
fixed incentive structure and an incremental incentive structure.
Although thisresult suggests that these two incentive strategies
may have similar effectivenessin motivating young participants
to comply, further investigations on crucial aspects of how these
strategies affect participant compliance, for example, the
mechanism of which young participants are motivated, is
necessary. However, to the authors' knowledge, there is no
published evidence that systemically examined the effectiveness
of reward systems or other promising strategies on compliance
to EMA among young participants.

Maobile Technologies Used in Current EM A Protocols

Several studies with a time-based sampling protocol in this
review incorporated wearable or deployable devices such as
accelerometers [34-37], heart rate monitor [36], GPS trackers
[36], and glucometers [21] in their field data collection efforts,

http://www.jmir.org/2017/4/e132/

Wen et a

in addition to the EMA reporting platforms. Since these devices
often collect certain behavioral or contextua data passively
with minimal inputs required from study participants,
incorporating additional wearable devices in EMA data
collection may be acceptable to youth without impacting
participant compliance. Although providing a detailed review
of feasibility and utility of existing mobile technology in youth
is beyond the scope of this study, we identified several existing
reviews that examined the use of wearable and mobile
technology in assessing particular behaviors (eg, physica
activity [5,50,51], dietary behavior [5,50,52], and smoking [53]).
Considering the suboptimal average compliance rate estimated
among mobile-EMA studies using a time-based protocol,
combining wearable technologies with EMA data collection
may offer aviable alternative to collect some self-reported data
to dleviate participant burden. In addition to reducing participant
burden, recent developments in human-computer interaction
reveal the possihilities of using data captured by mobile phone
sensors to identify ideal timing, or the “opportune moments’
[54-57], to send prompts in order to minimize interruption or
participant’s engagement in competing activities. Severa studies
with adult participants [55,57,58] have developed algorithms
that predict users’ availability to respond and receptivity to be
intervened. Although the extent to which data collected using
this approach is subject to selection bias and its utility in youth
are yet to be determined, utilizing the data passively collected
from mobile devices may offer researchers vauable
opportunities to understand participant behaviors and improve
compliance.

Among the event-based protocols reviewed, only a small
proportion of studies (n=1, 12.5%) used a protocol that emits
event-based prompts based on objectively measured behavior
of interest using wearable devices [34]. Currently, the majority
of themobile-EMA studies operationalize event-based sampling
using a participant self-initiated self-report approach.
Nonetheless, as self-reported information obtained using this
unsolicited approach may subject to systemic under- or
over-reporting [59], quantifying participant compliance to this
type of protocol using the current common practice (reporting
number of event of interest recorded) can be misleading and
overly optimistic. Mobile technologies are increasingly
sophisticated in capturing objective measurements of various
behaviors[5,50-53]. Therefore, incorporating wearable mobile
devices in event-based sampling procedure, in parallel with
participant self-report, may present researchersthe opportunity
to capture objectively measured dataabout participants behavior
without impacting participant compliance.

Limitationsin the Current Compliance Reporting
Practice

Another finding from this review is that there are areas where
compliance-related results and procedures were inadequately
or inconsistently reported. First, among thetime-based protocals,
participant compliance was considered to be synonymous with
average prompt completion rate (ie, mean percentage of prompt
answered). The distribution of compliance rates is often
negatively skewed (with the mass of the distribution
concentrated at the higher end). If thisisthe case, the arithmetic
mean provides a conservative representation of overall
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compliance in the sample, and robust measures of central
tendency (median or geometric mean) should be reported. In
addition, this relatively vague definition of compliance does
not account for important information, such asresponse latency,
that could allow for assessment of response patterns or
approximation of item cognitive load. Response latency, or the
time difference between a prompt and its corresponding
response, is especially relevant when ng experiencesthat
aretime-varying and context-dependent (eg, pain, emotion, and
hunger). For example, past emotions or experiences like pain
are prone to be distorted by events or experiences occurred
during the active reconstruction process of recall [60]. As the
time-stamp information is automatically collected in modern
mobile technol ogies, incorporating response latency in defining
and reporting compliance can provide fine-grain insights to
young users compliant behavior. Therefore, we recommend
that future EMA studies incorporate the time-frame in which
the EMA must be completed in order to be considered compliant
and report the latency of prompt completion when applicable.

Second, although a number of studies examined correlates of
compliance (ie, quantitative assessment of compliance) and
participant-reported reasons for noncompliance (qualitative
assessment of compliance), results of both quantitative and
qualitative assessment of compliance were inconsistently
reported across studies, in part, because the data may not have
been collected in the study. Obtaining and reporting information
about how individual (eg, age and gender), technological (eg,
software malfunction, device power depletion, and network
connectivity), or time-varying (eg, time of day, environmental
factors, and activities) factors relate to compliance and to
missing data is important for at least two reasons. For one,
identifying these factors is necessary for improvement of
compliance in future EMA data collection. For example, by
understanding which participant groups need to be specifically
targeted (and when they need to betargeted), improved retention
strategies can be formulated to address the challenges unique
to participants of specific demographic groups and to facilitate
overall compliance rates. In addition, without this information
one cannot determineif missing datain EMA studiesis merely
random “noise” or if it is systematically linked to individual or
situational characteristics. Systematic noncomplianceisclearly
amajor threat to the validity of conclusions and analytic steps
can be taken to attenuate the bias if the attributing factors are
known. Therefore, we encourage future EMA studies to report
both quantitative and qualitative compliance results.

Third, several studies reported compliance rates only among
those in the final analytic sample, after removing participants
with low compliance. Many studies provided rationales for
excluding low- or noncompliant participants. Nonetheless, the
compliance rate reported with these subsamples can be viewed
asinflated and would belikely to affect our ability to accurately
estimate the average compliance across studies. Therefore, we
recommend that future studies report compliance rates before
and after removing the participants from analyses to enhance
transparency of the analysis process.
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Limitations of This Review

A major strength of this study was that we were able to
guantitatively assess the compliance rates for mobile-EMA
studies of various health-related behaviors and the association
between the reported prompt compl etion rate and some design
factors. Our findings, however, only pertain to two aspects of
a rea-time EMA protocol (ie, prompting frequency and
sampling length) that may affect participants' compliance [2].
Examples of other important aspects include the quality and
complexity of the prompts, effort required to complete each
assessment, attractiveness of the interface (ie, developmental
appropriateness, and esthetics), and stability of the reporting
platforms. To date, however, information on EMA protocol
designsisinconsistently reported; therefore, this study was not
able to assess the effect of these factors on the reported
compliance. In addition, the average compliance rate estimated
in this study may be somewhat inflated, as some reviewed
studies reportedly excluded low-compliant participants from
the analytic datasets used for calculating and reporting
compliance. The possibility of overestimating the average
compliance rate reflects the methodological limitation of
conducting meta-analysis using data extracted from text of
published literature. Future research that analyzes dataretrieved
from each individua study will be ableto provideamore precise
estimate of participant compliance rate and to further understand
how individual participant characteristics affect participant
compliance.

Conclusions and Future Directions

Using mobile technologies asdata collection platformsin EMA
studies has demonstrated generally moderate, but suboptimal,
compliance rates among the youth population. In this review,
we have further identified that sampling intensity, a possible
proximate of participant burden, might impact compliance of
participants from different settings. The study results suggest
that youth from nonclinical settings may comply better with
mobile-EMA protocol with a lowered daily prompting
frequency, whereas youth from clinical settings comply better
otherwise. Nonetheless, the nonexperimental nature of this
review limits our ability to make further recommendations and
highlights the need for experimental studies to investigate the
impact of these study design factors on participant compliance.
Moreover, this review identified several areas of
compliance-related results that are currently inconsistently or
inadequately reported among the reviewed studies. Thissuggests
the need for thorough reports of participant compliance, which
would potentially advance the current understanding of
participants compliance to EMA protocols and to aid
development of future EMA study designs. Therefore, we
suggest that future studies use the proposed reporting guidelines
by Liao et a (Multimedia Appendix 2) [9].

We further emphasize theimportance for future studiesto report
results in several areas that have been most inconsistently
reported. These areas include (1) the reporting of EMA design
features that were used to reduce participant burden or
potentially improve data quality (eg, minimizing item “over
exposure’ by administering items in rotated order); (2) the
number of prompts delivered and actually received by the
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participants, and whether nonresponse was due to technical
issues or participant noncompliance; (3) response latency, or
the amount of time from prompt signal to prompt answering;
(4) distributional characteristics of noncompliance rates (ie,
standard deviation and skewness of participant prompt
completion rates), participant compliance results based on the
full sample to improve the transparency and consistency in
reporting prompt response rate; and (5) demographic and
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time-varying correlates of EMA compliance. Furthermore, we
suggest that future studies should incorporate the time-frame
information when defining participant compliance. As one of
the central promises of EMA the collection of data with a
reduced recall bias, providing thisinformation could aid future
studies and meta-analytic reviews to determine the effect of
latency on data collected, which may further improve the current
understanding of participant compliance.
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Abstract

Background: Use of the social media website Twitter is highly prevalent and has led to a plethora of Web-based social and
health-related data available for use by researchers. As such, researchers areincreasingly using datafrom social mediato retrieve
and analyze mental health-related content. However, there is limited evidence regarding why people use this emerging platform
to discuss mental health problems in the first place.

Objectives. Theaim of this study wasto explore the reasons why individuals discuss mental health on the social media website
Twitter. The study was the first of its kind to implement a study-specific hashtag for research; therefore, we aso examined how
feasible it wasto circulate and analyze a study-specific hashtag for mental health research.

Methods: Text mining methods using the Twitter Streaming Application Programming Interface (API) and Twitter Search API
were used to collect and organize tweets from the hashtag #WhyWeTweetMH, circul ated between September 2015 and November
2015. Tweets were analyzed thematically to understand the key reasons for discussing mental health using the Twitter platform.

Results: Four overarching themes were derived from the 132 tweets collected: (1) sense of community; (2) raising awareness
and combatting stigma; (3) safe space for expression; and (4) coping and empowerment. In addition, 11 associated subthemes
were aso identified.

Conclusions: The themes derived from the content of the tweets highlight the perceived therapeutic benefits of Twitter through
the provision of support and information and the potential for self-management strategies. The ability to use Twitter to combat
stigma and raise awareness of mental health problems indicates the societal benefits that can be facilitated via the platform. The
number of tweets and themesidentified demonstrates the feasibility of implementing study-specific hashtags to explore research
questions in the field of mental health and can be used as a basis for other health-related research.

(J Med Internet Res 2017;19(4):€107) doi:10.2196/jmir.6173
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Introduction

Background

Use of socia media websites such as Facebook and Twitter is
commonplace, with around 65% of American adults [1] and
66% of British adults [2] reporting ownership of at least one
active social media account. High rates of social mediause are
also evident by individuals who experience mental health
problems|[3,4]. Researchinthefield of social mediaand mental
health haslargely focused on the potential harm of social media
engagement. For example, researchers have observed or
empirically evidenced associations between social media use
and the occurrence and exacerbation of experiences associated
with psychosis [5-7], mood disorders [8-10] personality
disorders [10], eating disorders [11,12], and obsessive
compulsive disorder [13]. However, others have reported that
there are no associations between mental health problems and
socia media use and, in some cases, significant improvements
insocial functioning have been observed following social media
engagement [14-16]. Mixed and correlational findings in the
field and limitations in the methodological design of studies
highlight the infancy of our understanding of the relationship
between social mediause and mental health[17-19]. In addition,
much of the current research has focused on the use of
Facebook, rather than Twitter, but the nature of the two sites
and users differ extensively. For example, arecent comparative
analysis of user behavior of individuals with Facebook and
Twitter accounts demonstrated no significant overlap between
Facebook “friends’ and Twitter “followers,” and reported that
Facebook was often used as the main platform for
communication, whereas Twitter was used as a secondary
platform [20]. In addition, user preference for the two different
social media platforms has been found to differ based on user
personality traits [21]. Therefore, caution needs to be taken
when applying findings relating to Facebook to Twitter use.

Twitter (www.Twitter.com) is a popular microblogging site,
with 313 million monthly users [22]. Twitter users are able to
post 140-character limit posts or “tweets,” which others can
respond to via retweeting, replying, or liking posts [23]. Such
posts are often publicly accessible and, therefore, available for
collection and analysis by researchers. As such, recent studies
have collected tweetsthat included hashtags such as#depression,
#schizophrenia, and #dearmental healthprofessionalsto analyze

http://www.jmir.org/2017/4/€107/
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mental health-related attitudes and experiences[24-26]. A recent
editorial argued that the use of mental health-related hashtags
facilitates connections, enables sharing without barriers, and
provides the opportunity to voice opinions [27]. Furthermore,
amenta health ambassador and educator with lived experience
described the “helping hands” of Twitter that can guide people
to safety [28]. However, there is little empirical research
examining reasonswhy individuals use Twitter to discuss mental
health problems.

Aims of the Study

This study implemented the hashtag #WhyWeTweetMH to (1)
examine why people use Twitter to discuss mental health
problemsand (2) investigate whether it isfeasiblefor researchers
to directly implement a Twitter hashtag that yields meaningful
data for analysis. Twitter was specifically chosen as the social
media platform of interest due to the prevalence and popularity
of discourse surrounding mental health that is evident on the
website.

Methods

Hashtag Development

Twitter allows users to post any information that they wish to
share in the form of a 140-character tweet. Tweets posted by
users can be “retweeted” so that any tweet an individual wishes
to share can be posted on their Twitter profilefor their followers
to see. Twitter also affords users the opportunity to include
hashtags within tweets, which can facilitate communication
about, and efficient search for, a specific topic. To thisend, the
hashtag #WhyWeTweetMH was selected to be circulated on
Twitter by the research team (see Figure 1). The decision to use
the hashtag #WhyWeTweetMH was based on a number of
discussions within the research team. The initial hashtag
#WhyWeTweet was developed due to the small number of
characters that would be used within response tweets and the
dliterative and, therefore, memorable phrasing used.
Additionally, popular mental health-related hashtags such as
#MHawareness, #MHcare, and #MHservices use the acronym
“MH” to refer mental health on the platform. Therefore, the
letters MH were added during the development of the hashtag
to ensure that the users were aware that the study was seeking
reasons for discussing mental health specifically on Twitter.

JMed Internet Res 2017 | vol. 19 | iss. 4 |€107 | p.155
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Berry et d

Figure 1. Example circulation tweet on the social mediawebsite Twitter using the #WhyWeTweetMH hashtag, research study disclaimer, and link for

additional information.

Data Collection

The first author (NB) posted the circulation tweet on the
researcher’'s own Twitter page; this was retweeted by other
membersof the research team. Theresearcher then individually
contacted various mental health charities, campaigners, and
advocates asking them to retweet information about the study.
Initially, wewere only seeking to collect responsesfrom people
with current or past experiences of mental health problems;
however, some responses werewritten from other perspectives;
for example, academics, clinicians, and charities. Therefore, it
was decided that any tweet including the hashtag
#WhyWeTweetMH would be analyzed. Frequent attemptswere
made by the research team to circulate the hashtag until no new
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RenderX

tweets were posted including #WhyWeTweetMH. Collection
of tweets using the hashtag occurred between September 2015
and November 2015.

Tweets were automatically collected and stored in a
password-protected database. We used both the Twitter
Streaming Application Programming Interface (API), for
real-time data[29] collection, and the Search API for daily data
collection [30] to minimize the risk of missing data due to any
network connection failures. This approach ensured that if
network errors resulted in a loss of rea-time data, past data
could still be obtained through the Search API. The hashtag
#WhyWeTweetMH was used as the search and streaming

keyword.
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Data Analysis

Once data collection was completed, all tweets including the
hashtag #WhyWeTweetMH were imported to a
password-protected Excel (Microsoft) file for qualitative
thematic analysis. The Twitter handles (usernames) of users
were removed to protect anonymity. During this process,
retweets and any tweets posted to circulate the hashtag were
removed. In addition, user geolocation was also collected and
stored in a password-protected file.

Tweets containing #WhyWeTweetMH were visually inspected
several times for common terms. Thematic analysis was used
toidentify the key reasonsthat users gave for discussing mental
health problems on Twitter. The research team conducting the
analysis consisted of a researcher with limited clinical
experience and two clinical academicswith extensive experience
working with people with mental health problems. To ensure
transparency and reliability, all tweets were read and analyzed
by two members of the research team (NB and SB), who
developed an emergent coding scheme to arrange the data. A
hierarchical structure of descriptive headings and subheadings
was produced and compared across al tweets. This structure
was independently reviewed by FL and, as recommended by
Turpin and colleagues [31], these categories were discussed
again and refined with all members of the research team.

Ethical Considerations

Ethical issues surrounding research using social mediawebsites
are complex and some individuals may perceive researchers
“lurking” on Internet communities as intrusive [32]. However,
as Twitter is considered a public platform, content posted on
Twitter is publicly available to be used for research purposes
[26]. Throughout the development and implementation of this
study, severa guidelines for Internet research were consulted
and adhered to, specifically, the Association of Internet
Researchers [33], the British Psychological Society [34], and
INVOLVE [35]. In addition, ethical approval was granted by
the University of Manchester Research Ethics Committee (ref:
15347). The use of these guidelines and consultation with the
local ethics committee during the devel opment process enabled
the formulation of several methodological considerations to
protect the safety and privacy of Twitter users.

As this was the first study of its kind to implement a mental
health hashtag for research purposes, rather than collecting data
from an already trending hashtag, new methods were employed
to ensure that the study was ethically sound. First, the tweet
circulating the hashtag #WhyWeTweetMH explicitly stated that
the hashtag was being used for research purposes. The tweet
circulating the hashtag also contained a link to an information
sheet, which detailed alist of helplines that individuals would
be able to contact should they require further support. The

http://www.jmir.org/2017/4/€107/

Berry et d

hashtag was also monitored several times a day to ensure that
any potentially offensive or bullying comments to individuals
who tweeted using the hashtag could be reported to Twitter.
However, it is of note that none of the tweets identified
contained offensive or bullying responses. Individual Twitter
handles (usernames) were removed from the tweetsto maintain
confidentiality and, after thematic analysis, all tweets for
presentation and publication purposes were paraphrased to
ensure anonymity. Tweets were paraphrased by NB and
reviewed by SB to confirm that the paraphrased tweets
accurately reflected the content of the original tweets. Each
paraphrased tweet was inputted into search engines and the
Twitter search function to ensure that users’ profiles were not
identified in the search results. In line with recommendations
for the reporting of research conducted via Twitter [36], a full
list of paraphrased Tweets is available as a Multimedia
Appendix 1.

Results

Tweet Features

After the removal of retweets, a total of 132 origina tweets
posted by 90 different users contai ned #WhyWeTweetMH. The
participant information sheet from the study was viewed 145
times during the study period. Respondents were located in the
United Kingdom (n=44), the United States (n=22), Canada
(n=4), South Africa (n=1), and Australia (n=1).The remaining
users either listed a fictiona location or did not have their
location available (n=18). Respondents’ tweets were analyzed
to determine whether experiences of using Twitter to discuss
mental health problems were from persona or professional
perspectives. The magjority of the Twitter users who responded
to the hashtag were identified from their responses as having
personal experiences of mental health problems (n=50) and
others were identified as working in the field of mental health
(n=8). Inferences about user experience could not be made for
the remaining respondents (n=32). We identified 4 themes and
11 associated subthemes. Some tweets presented several reasons
for tweeting about mental health and are, therefore, applicable
to multiple themes and subthemes. The frequency of themes
and subthemes derived from the data, words used within
subthemes, and the numbers of retweets and “likes’ for each
subtheme are presented in Table 1.

Information regarding the frequency of common words in the
tweets collected was recorded through splitting the text into
single words. The words most frequently mentioned in the
tweetswere (1) stigma; (2) support or supporting; (3) alone; (4)
connect; (5) awareness, (6) others; and (7) share or sharing
appear in Figure 2, which was created using QSR Internationa’s
NVivo 11 software. These termsreflect some of the key themes
and subthemes resulting from the tweets.
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Table 1. Themes and subthemes derived from the #WhyWeTweetM Hhashtag and the associated frequencies of retweets, “likes,” and popular words
for each of the subthemes.

Theme and subthemes Tweet Number  Proportion of Number  Proportion of Commonly used words Word
frequency of tweetsretweeted  of tweets “liked”  within subthemes frequency
retweets  n (%) “likes’ n (%)

Sense of community

To connect or sociadlize and reduce 47 55 25 (53) 61 27 (57) Alone 13
isolation Connect 1
Others 9
People or ppl 8
Friends 4
Isolation 4
Community 4
To send and receive messages of hope 35 44 20 (57) 49 18 (51) Support or supporting 14
and support Hope 5
Help or helps 4
Hugs 3
To share and receive information 21 20 9(43) 15 9(43) Share or sharing 9
Information or info 7
Resources 5
Learn 5
Stigma and awar eness
To combat stigma 23 40 15 (65) 29 14 (61) Stigma 19
Combat 3
Eradicate 2
To raise awareness 22 42 13 (59) 27 13 (59) Awareness 11
Raise 7
Educate 4
Understanding 3
To fight and campaign 11 29 9(82) 15 7 (64) Services 3
Advocate 3
Improve 3
Safe space for expression
To share honest experiences without 32 23 15 (47) 44 16 (50) Experiences 8
feeling judged Share or sharing 8
Honest 5
Judge 4
Sefe 3
To vent, give peopleavoice, and feel 21 25 12 (57) 29 9(43) Vent 6
heard Express 3
Frustration 2
Perceived benefit over Twitter and 7 6 4 (57) 17 5(71) Facebook 2
other social media platforms Networking or media 2
Coping and empower ment
To escape 4 0 0(0) 2 2 (50) Escape 2
Distract 1
Suspend
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Theme and subthemes Tweet Number  Proportion of Number  Proportion of Commonly used words Word
frequency of tweetsretweeted  of tweets “liked”  within subthemes frequency
retweets  n (%) “likes” n (%)
Empowering form of self-monitoring 11 7 4(36) 10 7 (64) Empower 1
and management Resilience 1
Monitor 1
Manage 1

Figure 2. Word cloud reflecting the frequency of common words identified in tweets including the hashtag #\WhyWeTweetMH.

) . . The terms “Twitter friends’ and “virtual hugs’ were also
Theme 1: Tweeting About Mental Health Provides a prevalent, which implies a reciprocal relationship within the

Sense of Community Twitter mental health community. In total, 51% (42/83) of the
Theoverall senseof a“ Twitter community” wasevident through  tweets included within this theme were retweeted and 53%
the explicit use of theword “community” in someof thetweets.  (44/83) received “likes’ from other users.
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Tweeting to Connect, Socialize, and Reduce | solation
Some users expressed that Twitter isthe only setting where they
are ableto connect and socialize with others. The use of Twitter
for some people as the sole avenue for communication may be
due to the accessible nature of websites:

Becauseit is...the one space | can speak with people.

Because | amwith friends even when | am unable to

go out.
Users also commented that tweeting about mental health
provided them with their only opportunity to connect with others
with shared understanding:

| am able to communicate with other people with the
same experiences...
Additionally, tweeting about mental health was perceived by
usersasaway to reducefeelingsof isolation and lonelinessand
allowed them to show others and themselves that they are not
alone:

...s0 | do not feel that | am the only person with MH
concerns.
If it hel ps even one person recognize they aren’t alone
in their pain.
Tweeting to Send and Receive M essages of Support and
Hope
Support was detailed in many tweets, with users expressing that
they often tweet about mental health to provide and receive
messages of hope and support:
| enjoy supporting people and receiving support from
them.

SQuicide might be complicated but extending a hand
to someoneis simple and it may save their life...

| tweet humour to show people that there is light at
the end of the dark tunndl...

Some users also expressed that by sharing their experienceson
Twitter, they could help people who were facing similar
challenges:

So that, perhaps, my tweets and experiences may help
others. Even if it's only one person.
Twitter was perceived as an accessible avenue for support due
to the instantaneous nature of the responses:

| am able to get fast, insightful and appreciated
support in a way that’s meaningful for me...
Tweeting to Share and Receive I nformation

Some users also reported that tweeting about mental health

provided them with the opportunity to ask questions, learn more

about mental health, and to seek and signpost useful resources:
To advise, support, and to ask questions...

Tweeting about mental health helps people to obtain
helpful info they would not normally hear about.
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Theme 2: Tweeting About Mental Health to Combat
Stigma and Raise Awareness

Tweets that contained information about using Twitter to raise
awareness of mental health problems, combat stigma, and fight
and campaign received the largest proportion of retweets (65%,
31/48) and “likes’ (58%, 28/48). Additionally, 82% (9/11) of
the tweets in the subtheme tweeting to fight and campaign
received retweets and 64% (7/11) were “liked.” The high
proportion of responsesto such tweets may be dueto other users
sharing these tweetsin an attempt to further campaign for people
experiencing mental health problems and the high number of
followers that campaigners or advocates may have on the site.
Tweeting to raise awareness, combat stigma, and fight and
campaign were often detailed by users as an attempt to achieve
a fina outcome; for example, developing empathy and
compassion, to show peoplethat others care and to provide hope
for the future:

To raise awareness, stop stigma, create networks, &
build empathy & compassion is #WhyWeTweetMH.
To bring buried, misudged, and shameful disorders
out of the darkness. To relieve the struggle of those
still to come.

Tweeting to Combat Stigma

Many of the antistigma tweets contained particularly strong and
emotive language such as “combat,” “demoalish,” and “fight”
to describe the concept of using Twitter to address stigmatizing
attitudes. In addition, some Twitter users embedded the already
popular hashtag #endthestigma into their #WhyWeTweetMH
responses:

We do not only need to challenge stigma we have to
eiminate stigma...
...to attempt to battle stigma...

Tweeting to Raise Awareness
Some users reported that Twitter was a common starting point
for important conversations about mental health problems:
...begin speaking about what's actually important...
To begin the conversation and open the barriers...

Additionally, sometweets also included already trending mental
health awareness hashtags; for exampl e, #mental healthawareness
and #everyoneshusiness.

Tweeting to Fight and Campaign

Some people saw Twitter as an avenue for campaigning about
mental health, which alowed them to represent others
experiencing mental health problems:

To inform, empower, and inspire. WWe must advocate
for and show others how to advocate for themsel ves.

...An advocate told me that my voice was required on
here to confront the “ Master Narratives’ about
mental health, trauma, and suicide.
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Theme 3: Tweeting About Mental Health Because
Twitter s a Safe Space for Expression

Twitter was perceived as a safe setting in which users could
discuss mental health honestly and openly without feeling
judged by others. Perceptions of safety in comparison to other
socia media platforms were also evident in some tweets. On
average, just under half of the tweets assigned to this theme
were retweeted (48%, 22/46) and over half were “liked” by
other users (54%, 25/46).

Tweeting to Share Honest Experiences Without Feeling
Judged

Several respondents noted that the perceived anonymity of
Twitter allowed them to feel safeand, therefore, felt comfortable
in being open and honest about their experiences of mental
health problems:

| tweet because | am able to be anonymous so
honest...

Some users also stated that Twitter allowed them to share
thoughts and feelings relating to mental health on Twitter
without feeling judged by others. Although efforts have been
made to reduce stigma and judgmental attitudes toward mental
health problems, these issues are till prevalent in society
[37,38]. However, perceptions of safety and accepting attitudes
reported by users suggest that Twitter may provide a protective
platform for communication and expression that is, perhaps,
not available in everyday life:

...because I’'m never dismissed by my Twitter friends
as being over sensitive, needing attention, or not
making enough of an effort.

Tweeting to Vent, Have a Voice and Feel Heard
Users expressed that tweeting about mental health was arelease

and provided them with an outlet to voice any worries or
concerns they were experiencing:

...When | tweet about mental health it's a release...|
also want the world to see how rubbish | fedl...

Respondents also reported that they tweeted to share their
experiences of the mental health system and service availability:

| can voice my infuriation with the professional
support systems or lack of.

| like to tweet when | am angry at mental health
services, so that even if nothing is resolved, my
complaint is till public.

Twitter was perceived to be a platform on which to vent because
some users felt unable to share thoughts and feelings in
face-to-face settings with people who they personally knew.

Mainly | use Twitter as a soapbox so | am able to
avoid burdening my friends...

Benefit of Twitter Over Other Social Media Websites

Some users reported that discussing mental health on Twitter
was more appropriate than other platforms becausethey did not
feel judged by others on Twitter and could avoid the heavily
embellished version of peoples’ lives evident on Facebook:

http://www.jmir.org/2017/4/€107/
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| tweet about mental health problems, information,
and feelings because no one judges me on Twitter,
unlike other social networking sites...

Facebook is the sparkly sunny version of people,
Twitter isthe authentic version...

Theme 4: Tweeting About Mental Health Isan
Empowering Coping M echanism

A smaller number of usersreveal ed tweeting about mental health
as a self-directed coping mechanism, which enabled them to
escape from challengesfaced in daily life; recognize and reflect
on thoughts, feelings, and experiences; and facilitate feelings
of empowerment. There were comparatively far fewer retweets
of responsesincluded in thistheme than the other themes noted
(27%, 4/15), athough the proportion of “liked” tweets was
similar (60%, 9/15).

Tweeting About Mental Health Providesan Opportunity
to Escape

Some users reported that using Twitter provides them with the
opportunity to escape from the “real-world” and distract
themselves from difficult thoughts or fedlings:

To distract myself from my mental health. | enjoy
being able to laugh and joke on Twitter—that's the
part of methat I like...

...interrupt my irrational and obsessive thoughts—it
doeswork.

Tweeting About Mental Health as an Empowering
Sdf-Management Strategy

The concept of using Twitter as a mood monitor was evident
in several tweets, as it alowed respondents to express
themselves on Twitter and reflect back on the tweets to
recognize their thoughts and feelings over time:

| began tweeting so that | will someday be able to
look back at how bad things have been, as blogging
was too much for me...

My Twitter timeline performs as a sort of mood
monitor for myself and those who personally know

The potentia strength of Twitter as a coping mechanism was
evident in some tweets, which stated that Twitter was “ cheaper
than therapy,” “Twitter saves lives,” and the inclusion of the
hashtag #lifehack.

Some users also commented that they felt empowered by
tweeting about their mental health, which suggeststhat tweeting
about mental health can be an empowering experience:

Tweeting’s empowering...
Discussion

Principal Findings

The aims of this study were to (1) explore reasons why people
use Twitter to discuss mental health problems and (2) examine
whether study-specific Twitter hashtags can be implemented
by researchers as a method for data collection. The collective

JMed Internet Res 2017 | vol. 19 | iss. 4 [e107 | p.161
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

experiences noted are indicative of the positive rolethat Twitter
can provide in mental health discussions and the number of
tweets collected suggests that the circulation of study-specific
hashtags on Twitter isafeasible avenue for investigating mental
health-related phenomena.

The content expressed in collected tweets conveyed the notion
of a “Twitter community” that allowed communication to
flourish, awarenessto beraised, stigmato befought, and support
that could be both offered and received. These perceived
functions of Twitter support previous assertionsthat the platform
provides a space for mental health-related discussions [26,27]
and self-disclosures [39] and the wider literature regarding the
socia ties, sense of community, and support mechanisms that
can be developed when communicating about health and
experienceson the Internet [40-42]. Sense of belongingnessand
integration within a community can benefit an individual’s
mental health and may be a protective factor in the devel opment
and exacerbation of symptoms associated with mental health
problems [43-45]. In addition, social disconnectednessis often
associated with higher rates of relapse[46], increased mortality
[47], and poorer physical and mental health [48]. Therefore,
being a member of a large Twitter mental health community
may act as a protective factor by facilitating communication
and support. Furthermore, combatting stigma and raising
awarenesswere key reasonsidentified for tweeting about mental
health, which may help foster the sense of community that was
evident in the tweets.

The positive eval uations of the Twitter mental health community
for the provision of support may, in part, be due to the value of
a shared understanding on Twitter. Some users noted that
Twitter allows them to communicate and receive support from
others with similar experiences. There has been a growing
movement in psychological practice toward the inclusion of
peer support approaches, whereby individuals with experience
of mental health problems provide support for people with
similar experiences [49]. The potential value of peer support
has been widely discussed in the literature and is associated
with improved functioning, empowerment, and confidence [49],
reductions in hospital admissions [50], and increased social
networks and wellbeing [51]. The notion that social mediacould
provide an accessible avenue for peer support is not new
necessarily. A recent commentary regarding social mediausage
in severe mental health problems reported that social media
could facilitate hel p-seeking behaviors, reciprocal support, and
antistigma campaigns[52]. In addition, Naslund and colleagues
[53] analyzed comments on videos created by individuals
experiencing severe mental health problems on the video sharing
platform YouTube (www.youtube.com). The authors reported
that there was evidence of naturally occurring peer support
within the comments, which provided supportive messages and
coping strategies and reduced isolation. As such, the findings
from this study support the view that social mediawebsites, in
this case, Twitter, could be a valuable tool for people who
experience mental health problems.

Many users also noted that they were able to access resources
and information on Twitter that they ordinarily would not be
able to retrieve. The availability and subsequent use of
Web-based material may help to facilitate self-directed
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psychoeducation, whichisapotentially effective psychological
intervention [54]. Therefore, resources on Twitter could be
employed by users as a self-directed psychoeducation
intervention. In addition, access to Web-based health-related
information is reportedly beneficial for improving health
behaviors, awarenessand care of conditions, and could facilitate
help-seeking [55-57]. Individuals experiencing mental health
problems, clinicians, and academics could also use Web-based
resources shared by other Twitter users to remain informed
about recent advancesin clinical practice and current research
inthefield. Some of the tweetsthat included #WhyWeTweetMH
aso contained other trending hashtags, for example,
#everyonesbusiness and #mentalheal thawareness. Theinclusion
of such hashtags illustrates the popularity of incorporating
mental health hashtags within tweets and supports the notion
that hashtags can be an effective method to facilitate
communication about specific topics.

The use of Twitter to share experiences of mental health services
was also evident in some of the tweets and supports previous
conclusions that mental health services could use Twitter to
receive feedback on the care that they provide [26]. Users also
reported that Twitter allowed them to be open and honest about
their experiences. Providing the individual consents, mental
health professionals may have the opportunity to review
clinicaly relevant information disclosed by users on Twitter
accounts that they may ordinarily feel uncomfortable sharing
inaformal clinical setting. However, further research assessing
Twitter user and hedlth care professional views toward the
collection of clinically relevant information via Twitter is
warranted. Additionally, the use of Twitter as a coping
mechanism, which isevident in some tweets, suggeststhat social
networking tools may be popular as a component for
psychological interventions.

Feasibility of Circulating a Study-Specific Hashtag on
Twitter for Research Purposes

Previousresearch using Twitter hashtagsfor data collection has
relied on the analysis of aready trending hashtags [24-26].
Therefore, the second aim of this study was to assess the
feasibility of circulating a study-specific hashtag for research
purposes. As there was no precedence for what constituted a
“sufficient” number of tweetsfor research purposes, we gathered
asufficient number for qualitative analysis, demonstrating that
it is feasible to employ research hashtags on Twitter. Indeed,
the ethical integrity of providing a study-specific hashtag that
usersare aware isbeing used for research, rather than collecting
preexisting data, may negate the potential disadvantages of
reduced data. However, when considering the implementation
of study-specific hashtagsin mental health research, researchers
should remain mindful about the ethical considerations
associated with asking peopl e to tweet about their mental health
and moral issues surrounding the duty of caretoward userswho
chooseto sharetheir views. Additionaly, further research should
seek to identify Twitter users’ views about the collection of
their data using Twitter hashtags to determine whether or not
they find this approach acceptable or potentialy intrusive.
Researchers seeking to use study-specific hashtags in future
work may also wish to consider creating a specific Twitter
account for research studies. The circulation of a research
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hashtag on a study-specific Twitter account may allow usersto
feel more comfortable tweeting about their experiences due to
the anonymous nature of a study account; therefore, potentially
increasing responses.

Study Strengths

There were some strengths and limitations to the novel
methodology employed. First, the ethical integrity of the study
was a considerabl e strength. Specifically, aresearch disclaimer
was included in the tweets circulating #WhyWeTwestMH,
usernames were removed from all tweets before analysis, and
tweets were paraphrased after analysis for presentation and
publication purposes. Additionally, theinvestigation of tweeting
behavior took placein the setting in which the behavior directly
occurred, which ensured that respondents to the hashtag were
active Twitter users. The use of both the streaming APl and
search API to collect tweets reduced the likelihood of missing
data. Thetruly interdisciplinary nature of the research team (ie,
computer scientists and psychol ogists) ensured that the approach
to collect tweets was technologicaly and methodologically
sound, and the research question, anaysis of tweets, and
implicationsfor clinical practice were appropriate. Importantly,
conducting this research on Twitter allowed people to provide
viewsfor astudy without the constraints of traditional research
such as location, time pressures, and effort required.

Study Limitations

Some users may have chosen not to tweet using
#WhyWeTweetMH due to the disclaimer that data would be
used for research purposes, which may have led to missing data.
Additionally, the use of Twitter to obtain reasons for tweeting
about mental health may have led to biased responses of positive
experiences, as people who do not use Twitter due to negative
experiences will not have been able to detail reasons for not
tweeting. As such, future research should seek to explore both
the potential positive and negative experiences people have
encountered when using Twitter to discuss mental health. The
publicly accessible nature of Twitter may have also resulted in
some users observing others responses and adapting their
reasons for tweeting accordingly. The study also relied on the
assumption that respondents actively tweeted about mental
health and the 140-character limit of tweets may have prevented
users from being able to give an in-depth insight about their
reasonsfor tweeting. Therefore, the amount of material available
for an in-depth exploration of tweet content was limited and
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could be utilized further as amethod to identify abroad sample
and purposively select participants from this sample for further
questioning. It is generaly seen as good practice to ask
participants whether they agree that the analyzed data and
paraphrased quotes accurately captured discussions during
qualitative interviews. However, thisis not feasible via Twitter
due to the ethical issues surrounding directly contacting
individual stweeting with the hashtag. Additionally, tweetswere
limited to English-speakers, which may impact on the
generalizability of the findings. To prevent the collection,
analysis, and dissemination of potentialy identifiable
information, only user location (city and country) and the
content of tweets containing #WhyWeTweetMH were collected.
Although the majority of respondents indicated in the tweets
that they experienced mental health problems, for some,
interpretations regarding personal or professional experience
could not be made. Finally, information such as diagnosis, age,
and gender could not be collected due to the ethical
considerations surrounding the collection of identifiable
information without specific user consent.

Conclusions

The number of tweets collected in the study and the thematic
analysis applied demonstrates the feasibility of researchers
directly implementing a hashtag for mental health research.
Furthermore, the unique methodol ogy employed resulted in the
development and identification of several ethical considerations
to ensurethe safety and anonymity of Twitter users. Thefindings
from #WhyWeTweetMH tweets suggest that individuals may
actively use Twitter to discuss mental health as way of
developing asense of bel onging within acommunity, accessing
support, challenging stigma and raising awareness, sharing
experiences, and as an empowering coping mechanism. Future
research is planned to explore whether Twitter users are open
to their data being used for research purposes and the
acceptability of using Twitter as an avenue for evidence-based
psychological interventions. In addition, further work regarding
clinician views about Twitter use in mental heath and how
Twitter could help or hinder clinical practice should be
considered. Although potential drawbacks of Twitter use must
be considered, for example, cyberbullying and Web-based
predators, the strong expressions within the tweets suggest that
respondents to #WhyWeTweetMH have experienced Twitter
as welcoming and supportive and a useful forum for an open
and honest dialog about mental health.
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Abstract

Background: Health care social media used for health information exchange and emotional communication involves different
types of users, including patients, caregivers, and health professionals. However, it is difficult to identify different stakeholders
because user identification dataare lacking dueto privacy protection and proprietary interests. Therefore, identifying the concerns
of different stakeholders and how they use health care social mediawhen confronted with huge amounts of health-related messages
posted by usersisacritical problem.

Objective: We aimed to devel op anew content analysis method using text mining techniques applied in health care social media
to (1) identify different health care stakeholders, (2) determine hot topics of concern, and (3) measure sentiment expression by
different stakeholders.

Methods: We collected 138,161 messages posted by 39,606 membersin lung cancer, diabetes, and breast cancer forumsin the
online community MedHelp.org over 10 years (January 2007 to October 2016) as experimental data. We used text mining
techniques to process text data to identify different stakeholders and determine health-related hot topics, and then analyzed
sentiment expression.

Results: We identified 3 significantly different stakeholder groups using expectation maximization clustering (3 performance
metrics: Rand=0.802, Jaccard=0.393, Fowlkes-Mallows=0.537; P<.001), in which patients (24,429/39,606, 61.68%) and caregivers
(12,232/39,606, 30.88%) represented the magjority of the population, in contrast to specialists (2945/39,606, 7.43%). Weidentified
5 significantly different health-related topics: symptom, examination, drug, procedure, and complication (Rand=0.783,
Jaccard=0.369, Fowlkes-Mallows=0.495; P<.001). Patients were concerned most about symptom topics related to lung cancer
(536/1657, 32.34%), drug topics related to diabetes (1883/5904, 31.89%), and examination topics related to breast cancer
(8728/23,934, 36.47%). By comparison, caregivers were more concerned about drug topics related to lung cancer (300/2721,
11.03% vs 109/1657, 6.58%), procedure topics related to breast cancer (3952/13,954, 28.32% vs 5822/23,934, 24.33%), and
complication topics (4449/25,701, 17.31% vs 4070/31,495, 12.92%). In addition, patients (9040/36,081, 25.05%) were more
likely than caregivers (2659/18,470, 14.39%) and specialists (17,943/83,610, 21.46%) to express their emotions. However,
patients sentiment intensity score (2.46) was lower than those of caregivers (4.66) and specialists (5.14). In particular, for
caregivers, negative sentiment scores were higher than positive scores (2.56 vs 2.18), with the opposite among specialists (2.62
vs2.46). Overall, the proportion of negative messages was greater than that of positive messages rel ated to symptom, complication,
and examination. The pattern was opposite for drug and procedure topics. A trend analysis showed that patients and caregivers
gradually changed their emotional state in a positive direction.
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Conclusions: The hot topics of interest and sentiment expression differed significantly among different stakeholdersin different
disease forums. These findings could help improve social media services to facilitate diverse stakeholder engagement for health

information sharing and social interaction more effectively.

(J Med Internet Res 2017;19(4):€109) doi:10.2196/jmir.7087

KEYWORDS

health care social media; stakeholder analysis; topic analysis; sentiment analysis

Introduction

People are increasingly turning to the Internet for health
information. Some social media services, such as Wikipedia,
Facebook, onlineforums, and message boards, areincreasingly
being used to obtain health information and share health care
experiences[1,2]. A Pew survey showed that 61% of American
adults|ooked onlinefor health information and that 41% of this
group had read about someone else’'smedical experiencesposted
in social media. More than half thought the information online
affected a decision about how to treat an illness or condition

(3.

There are some reasons why patients and their caregivers turn
to social mediafor health care information. First, they feel that
doctorsaretoo busy to answer their questions[4]; many doctors
only tell their patients how to take a treatment but do not take
time to fully explain the detailed reasons [5]. Second, health
care social media thus allows users to learn more about their
health problems through the use of social support and make
decisions about treatment options[6], especially for those with
chronic diseases[7]. Third, convenience and anonymity [4] are
also important reasons why patients and their caregivers turn
to social media, where they feel less embarrassed about asking
online experts or communicating with other online members
about their health conditions [8].

In addition to patients and their caregivers, other health care
stakeholdersareinvolved in health care social media, including
doctors, physicians, nurses, aides, social workers, spiritual
caregivers, counselors, therapists, and volunteers[9-17]. Some
medical experts like to communicate with social media users
and offer them professional medical knowledge. In addition,
some fellow patients are willing to share their experienceswith
treatment, which are considered valuable for patientswith newly
diagnosed conditions. These individuals devote their time to
helping other patients get answersin their time of need. These
information providers are recognized as health specialists and
make great contributions to health care social media.

Health care social media is not only used to exchange health
information [18-20], but also provides aplatform for emotional
communication [21-23]. Some emotional expressions, such as
venting, sending positive energy, and showing compassion or
empathy, can help patients with serious diseases to cope. It is
important especialy for patients with cancer and chronic
illnessesto receive emotional support and encouragement from
fellow patients [24]. A study indicated that patients with
low-survival-rate diseases have more emotional communication
than those with high-survival-rate diseases[25]. Another study
found that an estimated 75% to 85% of patients engaged in

http://www.jmir.org/2017/4/€109/

health care social media changed their sentiment in a positive
direction through online interactions with other users.

Thus, different types of members discuss topics they are
concerned about and share their feelings in health care social
media. Understanding the concerns of different stakeholders
and how they use health care social media is very meaningful
work. Such information can enable users, especialy newcomers,
to obtain asense of what social mediais, help them quickly find
theissuesthey are concerned about, increase their involvement
more easily, and obtain the resources they need for health
self-education, self-caring, and self-management. For health
care social media sites, a better understanding of user online
behaviors could hel p webmasters provide humanized supporting
functions to facilitate diverse stakeholder engagement. For
researchersin thefield of health care, such studies could clearly
summarize the behavior characteristics of different stakeholders
and provide advice and guidance for health care social media.

However, given the tremendous amounts of health-related
messages posted by social media users, it is difficult and time
consuming to employ traditional statistical approaches to find
valuable information. Moreover, social media users are usually
reluctant to offer personal information dueto privacy concerns,
and user identification data are usually proprietary and hence
not easily accessible. To address these problems, text mining
techniques have recently been applied to health social mediain
some studies [26] to shed light on the demographics of
health-related social media users by extracting keywords and
other key attributes. However, clearly identifying different health
care stakeholdersis still a problem that needs to be solved. We
therefore proposed a novel framework using text mining
techniquesto comprehensively analyze the content of an online
health community from the perspectives of diverse stakeholders.
We used a computational social science approach to process
the large amount of text data for stakeholder analysis, topic
analysis, and sentiment analysis. This approach allowed us to
determine the characteristics of different stakeholdersinvolved
in health care social media to facilitate an understanding of
health care social media use.

Methods

Data Collection

We chose the online health community MedHelp.org (MedHelp
International, San Francisco, CA, USA) asour datasource. This
site is one of the most popular health care socia media
platforms. It consists of more than 170 discussion boards about
different diseases. Since the site opened in 1994, millions of
threads have been posted in the community. It also attracts over
one million visitors every month.
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We selected representative disease forums. Lung cancer and
breast cancer are common cancers with high mortality, and
some studies have shown that both cancers are among the most
common cancersthat Internet users seek information about [27].
Diabetes, asachronic disease, isalso among the most frequently
discussed diseases in health care social media. Therefore, we
chose lung cancer, breast cancer, and diabetes as our research
subjects. We obtained al the webpages from these 3 disease

Luetd

forums by using webcrawler software Offline Explorer 6.8
(MetaProducts Systems), and then we parsed the pagesto extract
available messages and stored the messagesin adatabase. Next,
wefiltered out noisy and unreliable data by text preprocessing.
We finally collected 138,161 messages posted by 39,606
membersin these 3 disease forumsin the 10 yearsfrom January
2007 to October 2016 as our experimental data. Table 1 shows
the statistical results.

Table 1. Data collection statistics (January 2007 to October 2016) from 3 disease forums on MedHelp.org.

Disease type No. of messages No. of members Messages per member
Lung cancer 5317 2416 2.20
Diabetes 35,193 11,571 3.04
Breast cancer 97,651 25,619 3.81

We only used messages that were open to the public. We never
used any user identification data. Personal information such as
name, age, and other demographicswas not used or reported as
part of the results of the study. Therefore, this study did not
raise any ethical or legal concerns.

Experiment Design

In this paper, we propose a novel framework using text mining
techniques to comprehensively analyze the content of the
messages posted in 3 disease forums. The framework consists
of 3 parts: stakeholder identification, topic identification, and
sentiment analysis, as Figure 1 shows.

http://www.jmir.org/2017/4/€109/

First, to distinguish different stakeholders engaged in the online
health community, we based stakeholder analysison text mining
techniques to identify different user groups. Users were
automatically partitioned into different groups based on the
similarity of their posts. An unsupervised approach such as a
clustering technique was applied to stakeholder identification.
Then, to better understand the concerns of different stakehol ders,
we based topic analysis on text mining techniques to identify
health-related hot topics. Next, we analyzed sentiment to assess
the valence and intensity of the messages posted by different
stakeholders, as the emotional support and encouragement
offered by community members are also an important
component of online communication.
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Figure 1. Research framework.
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Stakeholder identification included the following 4 steps: (1)
message collection, (2) feature extraction, (3) probabilistic
clustering, and (4) keyword extraction and stakeholder
identification.

For message collection, we first collected all messages posted
inthe 3 disease forums, and then merged all the messages posted
by the same user into one.

For feature extraction, we used acomprehensive textual feature
representation encompassing writing style-based features and
content-specific featuresfor authorship analysis[28,29]. Writing
style-based features were the number of messages, average
number of sentences per message, and frequency of words per
message. Content-specific featureswere word n-grams, medical
domain-specific terminologies, and kinship terminologies. The
n-grams referred to word unigrams, bigrams, and trigrams and
represented important keywords and phrases in the messages.
Medica domain-specific terminologies were helpful in
distinguishing diverse stakehol ders, as some studies have shown
that patients and their caregivers used more lay concepts and
fewer professional terminologies than health professionals do
[30-33]. We selected Medical Subject Headings (MeSH), a
controlled thesaurus, to extract health-related terminologies.
Family members of patients serving as primary caregivers

http://www.jmir.org/2017/4/€109/

usually used kinship termsto refer to the patientsthey cared for
in their posts, and therefore we selected kinship terminologies
as part of the content-specific features to distinguish caregivers
from other stakeholders. Kinship terminologies in this study
were mainly identified by one Unified Medical Language
System (UMLS) semantic type, family group, which has been
used in previous studies to identify family member concepts
[34].

For probabilistic clustering, without a priori knowledge of the
number of user groups and their specific characteristics, we
chose a probabilistic clustering that leveraged the expectation
maximization algorithm among various clustering techniques
for stakeholder identification [35]. We found the optimal number
of clusters by cross-validating different numbers of clusters.
We then used 3 metrics to evaluate the clustering results: the
Rand index, Jaccard similarity coefficient, and the
Fowlkes-Mallows (FM) index, which we used in our previous
study [36]. The clustering result was a probabilistic distribution
of instances of belonging to each stakeholder cluster. Welabeled
each user with agroup number according to the cluster with the
highest probability assignment.

For keyword extraction, the keywords were terms that best
distinguished the corresponding user group from other groups.
We extracted these keywords from the messages posted by each
user group according to their scores. Supposing al resultant
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clusterswere C;,C,...Cy, then for each n-gram (unigram, bigram,
and trigram) term w in a cluster C,, its score was calculated as
f(w, C) x log (N/{ CjIf(w, C)) = f(w, Cy), j=1,2...N}|) (equation
1), where f(w, C)) is the frequency of w in cluster C;, and
K Cilf(w, C)) = f(w, C), j=1,2...N}|isthetotal number of clusters
with afrequency of term w greater than or equal to the term w
frequency of the cluster evaluated. We ranked keywords with

high scores, from which we could infer the stakeholder
identification.

Topic | dentification

We identified topics in a manner similar to identifying
stakeholders, by thefollowing steps: message collection, feature
extraction, probabilistic clustering, keyword extraction, and
topic identification.

For message collection, we only chose informational messages
involving health conditions, online reviews of particular drugs
or medica treatments, and so on. We filtered out messages
containing no informational support but only offering emotional
support and other spam messages.

For feature extraction, the features used in topic identification
included 2 partss word n-grams and domain-specific
terminologies. Domain-specific terminologies were from the
UML S Metathesaurus. The UML S Metathesaurus astheworld’'s
largest repository of biomedical concepts, consisting of 1.7
million biomedical concepts, where each concept is assigned
to at least one of the 134 semantic types. We only chose the
terminol ogies mapped to health-related semantic types that we
used in our previous study [36]. To obtain these medical
terminologies automatically, we used MetaMap 2014 (US
National Library of Medicine), a highly configurable program
that maps biomedical text to concepts in the UMLS
Metathesaurus. Using a Javaapplication programming interface
offered by MetaMap, we could parse the messages to get the
health-related terminologies.

http://www.jmir.org/2017/4/€109/
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We performed clustering and keyword extraction for topic
identification in the same manner as stakeholder identification.

Sentiment Analysis

We analyzed sentiment to assess the valence and intensity of
the messages by community members. Lexicon-based
approaches are widely used in sentiment analysis, and some
well-known sentiment lexicons, such as SentiWordNet [37],
have been successfully applied in sentiment analysis [38,39].
The SentiwordNet lexicon provides positive- and
negative-intensity scoresfor each sentiment term. In this study,
we used the SentiWordNet lexicon to extract sentiment terms
from the messages and calculate their sentiment scores. We
used the following 3 sentiment measures to eval uate sentiment

expression: PositiveScores, NegativeScores, and
SubjectiveScores  [40,41], where PositiveScores  is

positive-polarity scores divided by the number of messages,
NegativeScores is negative-polarity scores divided by the
number of messages; and SubjectiveScoresis subjective-polarity
scores divided by the number of messages.

Results

Stakeholder Analysis

We used the expectation maximization clustering algorithm for
stakeholder identification. Expectation maximization clustering
can evaluate and determine the optimal number of clusters by
cross-validating different numbers of clusters. We identified 3
stakeholder groupsin 3 disease forums. We then performed the
2-sample t test to evaluate whether there was a significant
differencein the 3 stakeholder groups. The null hypothesiswas
that the difference between 2 groupswas 0. The conclusion was
to regject the null hypothesis (P<.001) and that the 3 stakehol der
groups were significantly different. Then, we extracted some
keywords from each group according to equation (1) after
filtering out meaningless or invalid phrases. Table 2 shows the
results.
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Table 2. Stakeholder analysisin the 3 disease forums.

Luetd

Cluster Keywords Authorship

Lung cancer

1 in my chest, on my chest, my lungs, my left lung, my right lung, please help me, of my chest, | wasdiagnosed, Petients
my ct scan, doctor tell me, my xray result, my question, i waswondering, | have cancer, be greatly appreciated

2 my husband, thank you, my mother, my dad, my mom, my sister, my question is, my father, do you think,i  Caregivers
am worried, on hislung, thanks in advance, thanks so much, father in law

3 good luck, al the best, hope this helps, stay positive, you should, god bless, your mother, your father, your Specidists
husband, with your doctor, you need to, let us know, sorry to hear, you could consider, see your doctor, your
symptoms, with your physician, best of luck

Diabetes

1 my sugar, help me, | was diagnosed, my sugar levels, my blood, | was wondering, thank you, my body, my  Patients
guestion, thanks for your, my blood sugar, | need to, my question is, | have diabetes, be greatly appreciated,
type 1 diabetic

2 my husband, was diagnosed, he was diagnosed, her blood sugar, my son, my daughter, his blood sugar, low  Caregivers
blood sugar, want to know, he has been, she has been, thanks so much, my son is, daughter was diagnosed

3 your blood, you need, your doctor, you need to, good luck, you should, your glucose, your blood sugar, | would  Specialists
suggest, your blood sugars, with your doctor, let us know, hope this helps, | hope you, your glucose levels,

Breast cancer

1 my breast, my nipple, my breasts, thank you, my question, should I, my left breast, in my right, on my left, in  Patients
my breast, my right breast, found a lump, thanks for your, be greatly appreciated, of my breast

2 my mom, she had, my mother, her breast, she was diagnosed, family history, had breast cancer, my question  Caregivers
is, worry about, her left breast, her right breast, my sister

3 | hope, you can, your doctor, you should, best wishes, your breast, good luck, you need to, your oncologist,  Specialists

let us know, with your doctor, hope this helps, all the best, a second opinion, second opinion

Then, we could infer stakehol der identification according to the
extracted keywords. Taking clustering resultsin the lung cancer
forums as an example, in the cluster 1 group, members talked
about their own conditions (eg, my chest, my lungs, my left
lung, my right lung, of my chest, in my chest, on my chest) and
proceduresthey underwent (eg, | was diagnosed, my xray resullt,
my ct scan). They hoped to get help (eg, please help me, my
guestion, i waswondering) and then gave thanks (eg, be greatly
appreciated). We therefore assigned cluster 1 as the patient
group. In the cluster 2 group, members talked more about their
family members (eg, my husband, my mother, my father, my
dad, my mom, my sister, father in law) and expressed their
concern about their family members (eg, i am worried). They
also raised some questions of concern (eg, my question is) and
gavethanks (eg, thank you, thanksin advance, thanks so much).
We assigned cluster 2 as the caregiver group. In the cluster 3
group, memberswere more likely to give other membersadvice
and suggestions (eg, you should, you need to, you could
consider) and offer help (eg, hope this helps) or advise them to

http://www.jmir.org/2017/4/€109/

undergo further consultation and procedures with their doctors
(eg, with your doctor, see your doctor, with your physician).
Membersin the cluster 3 group often expressed their compassion
and encouragement to other members (eg, stay positive, good
luck, all the best, sorry to hear, best of luck). We thus assigned
cluster 3 as the health specialist group.

Then we used the 3 evaluation metricsto test whether the textual
features proposed in this study could significantly distinguish
different stakeholders. By incorporating writing style-based
features (F1), word n-grams (F2), medical domain-specific
terminologies (F3), and kinship terminologies (F4) into the
feature set in turn, we evaluated the results of clustering based
on different feature sets, as Table 3 shows. The results showed
that the 3 measure values increased as more features were
incorporated into the feature set, and reached a maximum (eg,
Rand=0.802, Jaccard=0.393, FM=0.537 for breast cancer) when
all features were incorporated, indicating that these textual
features could improve the performance of stakeholder
identification significantly.
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Table 3. Performance measures for distinguishing stakeholders using different textual feature sets®

Disease Feature set Performance measure
Rand index Jaccard similarity coefficient Fowlkes-Mallows index
Lung cancer F1 0.712 0.261 0.395
F1+F2 0.731 0.321 0.441
F1+F2+F3 0.757 0.349 0.473
F1+F2+F3+F4 0.785 0.371 0.501
Diabetes F1 0.717 0.273 0.401
F1+F2 0.742 0.335 0.456
F1+F2+F3 0.780 0.367 0.489
F1+F2+F3+F4 0.792 0.381 0.523
Breast cancer F1 0.725 0.297 0421
F1+F2 0.779 0.356 0.481
F1+F2+F3 0.793 0.385 0.529
F1+F2+F3+F4 0.802 0.393 0.537

3 eature set components: style-based features (F1), word n-grams (F2), medical domain-specific terminologies (F3), and kinship terminologies (F4).

In terms of the distributions of different stakeholders in the 3
disease forums, as Figure 2 shows, patients (24,429/39,606,
61.68%) and caregivers (12,232/39,606, 30.88%) were the
majority of the population, in contrast to health specialists
(2945/39,606, 7.43%). The proportions of patients (1202/2416,
49.75% vs 5738/11,571, 49.59%) and caregivers (1053/2416,
43.58% vs4836/11,571, 41.79%) weresimilar inthe lung cancer
and diabetes forums. By contrast, in the breast cancer forum,
the proportion of patients (17,489/25,619, 68.27%) was
significantly greater.

The reason for the different distributions may be that women
are the prominent group with breast cancer and are also more
likely than men to seek online information, as indicated by a
previous study [42].

Figure 2. Distributions of the 3 stakeholder groups.
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Table 4 shows descriptive statistics of postings by different
stakeholders. Both patients and caregivers published fewer than
2 messages (1.48 and 1.51) on average. By contrast, health
specialists, athough constituting a minority of the population
inthe online community compared with patients and caregivers,
published many more postings (28.4) on average than the other
2 groups.

We speculated about the reason for different distributions of
posting. Generally, most patients and caregivers aimed to seek
health information they were concerned about. They would
leave the site after receiving satisfactory answers. Another
possibility was that they simply became frustrated with the
inability to find answers and |eft the site soon. Most patients
and caregivers thus were short-term participants.
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Table 4. Clustering resultsin the stakeholder analysis.

Luetd

Disease Cluster No. of members  No. of messages Messages per member Authorship
Lung cancer 1 1202 1378 115 Patients
2 1053 1607 153 Caregivers
3 161 2332 14.48 Specialists
Diabetes 1 5738 7691 134 Patients
2 4836 7136 1.48 Caregivers
3 997 20,366 20.43 Specialists
Breast cancer 1 17,489 27,012 155 Patients
2 6343 9727 153 Caregivers
3 1787 60,912 34.09 Specialists
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Figure 3. Changes in the proportions of stakeholder groupsin (A) lung cancer, (B) diabetes, and (C) breast cancer forums, January 2007 to October
2016.

A. Lung cancer forums

100%
80%
60%
W Specialists
40%
i Patients
20% ]
# Caregivers
0%
B. Diabetes forums
100%
80%
60% 0 Specialists
40% it Patients
W Caregivers
20% &
0%
INDNINDN GO0 00NN OO OO == r= r=i AN AN AN N N AN <HHHHLOLOLOLO\O\O\O\O
B A s AN HOMAAOMOAN)
3] 3] =53] 3] 3] 3] 3] (9] (9] =53]
S PO R SO RSTOS RO S RO RO R IEOSSEOSSEOSEEO
C. Breast cancer forums
100%
80%
60% 7 Specialists
40% "t Patients
M Caregivers
20%
0%
DNINDNINGO 0 00NN OO OO AN A A NN NN <H HH HLOLOLOLONO\O\O\O
R R, T T T T T T T Ty e
O e e O o ) i e o S o e o e
Hoas¥ganYdanV9EanYEgoanYdanYEanYdanY9EasY5as0

In terms of changes in the proportions of the 3 stakeholder One possible explanation isthat most health speciaistsgradualy
groups (see Figure 3), the proportion of the specialist group formed a stable relationship with the online community and
tended to decrease and then stabilize. By contrast, theproportion  only a few left after short-term engagement. By contrast, as
of caregiversdecreased gradually, and the proportion of patients  health care social media becomes more widespread and widely
increased. accepted, a higher proportion of patients than of caregivers

http://www.jmir.org/2017/4/€109/ JMed Internet Res 2017 | vol. 19 | iss. 4 [e109 | p.175

(page number not for citation purposes)
XSL-FO

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

prefer to seek online health information. After al, patients
themselves are most concerned about their own headth
conditions.

Topic Analysis
Clustering and keyword extraction for topic identification were
performed in the same manner as stakeholder identification.

Luetd

Weidentified 5 significantly different health hot topics (P<.001),
as Table 5 shows. They were named based on the extracted
keywords with similar UMLS semantic types. symptom,
examination, procedure, drug, and complication.

Table5. Topic analysisin the 3 disease forums.

Cluster Topics Keywords UML S? semantic
types

Lung cancer

1 Symptom cough, pain, breathless, symptoms, chest pain, painful, shortness of breath, wheezing, sosy
short of breath, coughing up blood, nausea

2 Complication infection, bronchitis, pneumonia, tuberculosis, asthma, pleural effusion, copd, em-  dsyn, patf
physema, collapsed lung, atelectasis

3 Examination scans, x-ray, cat scan, mri, biopsy, pet scan, chest x-ray, imaging, biopsy needle, diap
bronchoscopy

4 Procedure chemo, operation, surgery, radiation, therapy, chemotherapy, removal, radiation topp
therapy, wedge resection, lobectomy

5 Drug silicas, morphine, advil, tarceva, chantix, carboplatin, alimta, dilaudid, taxol, coumadin  phsu

Diabetes

1 Drug insulin, lantus, januvia, metformin, glucophage, actos, avandia, amaryl, marijuana, phsu
glipizide

2 Complication infection, hypoglycemia, low blood sugar, dka, obesity, pcos, kidney disease, coma, dsyn, patf
diabetic neuropathy, bgs

3 Symptom pain, tired, thirsty, nausea, fatigue, frequent urination, hungry, dizzy, itchy, sore, sosy
tingling

4 Examination blood test, glucose test, fasting test, fasting blood sugar, cat scan, hemoglobinalc  Ibpr, diap
test, gtts, glucose tolerance test, mri

5 Procedure infusion, therapy, injection, transplant, dialysis, rx, ect, insulin injection, cde, ampu-  topp
tation

Breast cancer

1 Examination biopsy, mri, ultrasound, mammogram, screening, bi-rads, core biopsy, cat scan, diap, Ibpr
imaging, biopsy needle

2 Procedure chemo, operation, chemotherapy, radiation, radiotherapy, mastectomy, lumpectomy, topp
implant, removal, surgical

3 Symptom sore, pain, painful, breast pain, nippledischarge, itching, tingling, hot flashes, nausea, sosy
itchy

4 Drug tamoxifen, arimidex, taxol, femara, taxotere, carboplatin, effexor, docetaxel, valium, phsu
raoxifene

5 Complication infection, rash, lymph edema, fibrocystic breast, mastitis, idc, eczema, complex cyst, dsyn

complex cysts, neuropathy, fibrocystic breast disease, fibrocystic disease

3UMLS: Unified Medical Language System.

Wethen used the 3 eval uation metricsto test whether the textual
features proposed in this study could be used to distinguish
different hot topics significantly. By incorporating word n-grams
(F1) and medical domain-specific terminologies (F2) into the
feature set, we evaluated the results of clustering based on a
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RenderX

2-feature set, ass Table 6 shows. The results showed that feature
set F1+F2 outperformed F1 significantly (eg, Rand=0.783,
Jaccard=0.369, FM=0.495 for breast cancer), indicating that
the 2 types of textual features improved the performance of
topic identification significantly.
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Table 6. Performance measures for distinguishing hot topics using different textual feature sets®,

Disease Feature set Rand Jaccard FMP
Lung cancer F1 0.703 0.242 0.382
F1+F2 0.761 0.352 0.478
Diabetes F1 0.718 0.275 0411
F1+F2 0.774 0.351 0.478
Breast cancer F1 0.722 0.285 0.417
F1+F2 0.783 0.369 0.495

3 eature set components: word n-grams (F1) and medical domain-specific terminologies (F2).

bFM: Fowlkes-Mallows index.

To further explore the concerns of different stakeholders, we
examined the distributions of the 3 stakeholder groupsin the 5
hot topics (Figure 4). Among the different stakeholdersin the
different types of diseases, their concerns about various health
topics were fairly different.

A significantly greater proportion of patients with lung cancer
(536/1657, 32.34%) were involved in the symptom topics.
Patients with diabetes were more interested in drug topics
(1883/5904, 31.89%). Patients with breast cancer were more
likely to mention their examination or tests online (8728/23,934,
36.47%).

The reasons may be that some early symptoms of lung cancer,
such as coughing or wheezing, arevery similar to ailmentssuch
as fevers and bronchitis. Patients with such ailments were not
surewhether their conditionswere signs of lung cancer and thus
hoped to obtain val uableinformation by seeking the experiences
of others or consulting about their conditions on health care
social media. By contrast, patients who found an abnormality
of their breast tissues usually underwent further examination.
Because of a lack of other obvious symptoms, they mainly
discussed their examination or tests for the diagnosis of breast
cancer. Diabetes is a common chronic disease that is difficult
to cure. Patientswith diabetes use regular long-term medication
and thus were naturally concerned about topics related to
antidiabetic drugs to learn about their medical effects and
possible side effects.

http://www.jmir.org/2017/4/€109/

The distribution of hot topics among caregivers was similar to
that of patients. Both groups appeared to be mainly concerned
with the hottest health issues related to a specific disease, as
patients and caregivers were both information reguesters.
However, the proportional distribution of topics was
distinguishable between patients and caregivers. For example,
asignificantly greater proportion of caregivers than of patients
were involved in drug topics (300/2721, 11.03% for caregivers
vs 109/1657, 6.58% for patients) in lung cancer forums and in
procedure topics (3952/13,954, 28.32% for caregivers vs
5822/23,934, 24.33% for patients) in breast cancer forums.

These results indicate that caregivers were more concerned
about disease treatment topics than disease diagnosis because
drug and procedure topics are both related to disease treatment.
Complication was another health topic of interest to caregivers,
possibly because it may greatly affect their caregiving
responsibilities. As Figure 4 shows, the proportion of
complication topicswas significantly greater among caregivers
than among patients in the 3 disease forums (4449/25,701,
17.31% for caregivers vs 4070/31,495, 12.92% for patients).

As Figure 4 shows, health specialists were equally distributed
among the 5 health topics, in contrast to patients and caregivers.
This result indicates that specialists, as information providers,
were more likely to focus on various health topics and to share
their experiences and knowledge. Broad knowledge is
indispensable for health specialists to offer help to patientsin
their time of need.
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Figure 4. Distributions of (A) patients, (B) caregivers, and (C) specialistsin the 5 hot topics.
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. . (108,519/138,161, 78.54%) were more prevalent than emotional
Sentiment Analysis Mmessages (29,642/138,161, 21.45%).
Emotional messages could be distinguished from informative
messages by setting a threshold of sentiment measures in
SubjectiveScores. As Figure 5 shows, informative messages

This result suggests that most users make use of health care
social media more to exchange health information than to
provide a platform for emotional communication. This result
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isalso in agreement with the above argument that most patients
and caregivers were short-term participants and that many only
sought health information of interest.

Thedistribution of informative and emotional messagesamong
different stakeholders indicated that patients were more likely
to express their emotions than caregivers and specialists. The
proportion of emotional messages was 25.05% (9040/36,081)

Luetal

for patients, 14.39% (2659/18,470) for caregivers, and 21.46%
(17,943/83,610) for speciaists. Particularly among patientsin
the diabetes forums, patients usually encouraged each other to
overcome their diseases by pursuing long-term treatment. By
contrast, caregivers preferred to share informative messages
and were the least likely to exchange emotions among the 3
stakeholders.

Figure 5. Distributions of informative messages and emotional messages by (A) disease and by stakeholder group in (B) lung cancer, (C) diabetes,

and (D) breast cancer forums.
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One possibility is that the caregiving responsibilities of
caregivers do not leave sufficient time for online
communication. Especially for the caregiversinvolved in the 2
cancer forums, most only sought diagnosis and treatment
information of interest online to help their patients cure their
high-survival-rate diseases.

We calculated the 3 sentiment measures of PositiveScores,
NegativeScores, and SubjectiveScores to evaluate sentiment
expression, as Figure 6 shows. The subjective sentiment scores
of patients (2.46) were lower than those of caregivers (4.66)
and specialists (5.14), indicating that, although patients were
more likely to express their emotions, as Figure 5 shows, the
emotional intensity of patientswas|ower than that of specialists
and caregivers. The negative sentiment scores of caregivers
(2.56) were higher than their positive scores (2.18). Among
health specialists, positive sentiment scores (2.62) were higher
than their negative sentiment scores (2.46).

We specul ated about the reasons for the differencesin sentiment
expressions. Patients appear to prefer to regard health care social
media as an emotion-exchange platform rather than a place to
vent their negative feelings. Conversely, caregivers undertaking
long-term caretaking activities usually expressed strong
emotions about their patients. They preferred to use negative
words with high emotional intensity to vent their emotional
stress and burden [43,44], as Figure 6 shows that the negative
sentiment scores of caregivers were higher than their positive
scores. Many caregivers appeared to regard health care social
media as a good platform to vent and relieve stress. For health
specialists, higher positive sentiment scores implied that this
group provided emotional support by encouraging patients and
their caregiversto confront their diseases rather than expressing
sympathy and pity.

Further analysis identified differences in sentiment expression
by different stakeholders in different hot topics, as Figure 7
shows. Overall, for patients and caregivers, the proportions of
negative emotional messageswere greater than those of positive
emotional messages among the topics related to symptom,
complication, and examination; for example, for patients, the
proportion was 30.83% (562/1823) positive versus 69.17%
(1261/1823) negative in symptom topics, 36.43% (1055/2896)
versus 63.57% (1841/2896) in examination topics, and 37.85%
(450/1189) versus 62.15% (739/1189) in complication topics.

Thisresult indicatesthat patients and caregivers who discussed
complications and examination topicsfeared illness, depression,
hopel essness, anxiety, and other negative emotions and thus
were more likely to express negative emations. In particular,
among caregivers, negative emotional intensity was significantly
higher for the complication topic than for the other topics,
indicating that complications were a considerable burden for
caregivers performing long-term caretaking activities, and this
group expressed strong negative feelings of disappointment and
even despair. By contrast, drug and procedure topics are usually
more closely related to the treatment of disease, and thus all
stakehol ders who discussed these 2 topics were more likely to

http://www.jmir.org/2017/4/€109/
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have apositive attitude; for example, for patients, the proportion
was 47.94% (580/1210) positive versus 52.06% (630/1210)
negativein drug topicsand 59.11% (1136/1922) versus 40.89%
(786/1922) in procedure topics. In their discussion of the 2
topics, patients were happy to be getting better, and the
caregivers expressed their satisfaction with the treatment; in
addition, specialists conveyed their congratulations and best
wishes to the patients.

Finally, we analyzed trends in emotional changes among the
different stakeholders to illustrate whether members who
engaged in health care social media changed their sentiment
expression based on online interactions with other users. We
incorporated the messages posted by different members every
half month and calculated the changes in the 3 sentiment
measures of  PositiveScores,  NegativeScores,  and
SubjectiveScores over timein thefirst year of their involvement.
Figure 8 shows the resullts.

As Figure 8 shows, the subjective sentiment scores of the
messages from patients tended to increase in the early weeks
and then stabilized. Patients preferred to express concern about
their health topics of interest during their early involvement and
then gradually began to expresstheir feelingsfor social support.
From the perspective of sentiment polarity, we found that
positive sentiment scores increased gradualy while negative
sentiment scores decreased, implying that the patients engaged
in health care socia media changed their emotional state in a
positive direction through online interactions with other users.
Some possible reasons for this change are that the patients
eliminated fears and anxiety after their problemswere resolved
or that professionals and fellow patients encouraged them to
confront their diseases.

The subjective sentiment scores of the messages from caregivers
remained high. Caregivers apparently preferred to use subjective
words with high emotional intensity in their posts compared
with patients. From the perspective of sentiment polarity,
positive sentiment scores increased gradually while negative
sentiment scores decreased, similar to the trend changes in
patients, possibly for the same reasons discussed above.
However, in contrast to the sentiment expression of patients,
for caregivers the negative sentiment scores remained higher
than the positive sentiment scores, implying that caregivers
appeared to regard health care socia media as a platform to
share their negative feelings. Caregivers may complain about
their long-term, heavy caretaking work online to relieve their
stress at any time.

All 3 sentiment scores of the messagesfrom specialistsremained
stable over time. This result indicates that specialists were
involved long term in the online community to provide
emotional support and to help patientsand caregiversin various
ways. They expressed their sympathy and pity for the
unfortunate users by using some negative words while
encouraging them to fight their illness using some positive
words.

JMed Internet Res 2017 | vol. 19 | iss. 4 |€109 | p.180
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Luetd

Figure 7. Distributions of positive and negative messages posted by the 3 stakeholder groupsin the 5 hot topics.
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Figure 8. Changesin the sentiment expression of (A) patients, (B) caregivers, and (C) specialists over the first year of each user’s involvement.
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Discussion

Understanding the concerns of different stakeholders and how
they use social mediais very meaningful work. In this paper,
we proposed a novel framework using text mining techniques
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RenderX

to perform acomprehensive content analysis of an online health
community from the perspectives of diverse stakeholders. We
used a computational social science approach to process the
large amount of text datafor stakeholder analysis, topic analysis,
and sentiment analysis. Weidentified significant differencesin
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hot topics of interest and sentiment expression among different
stakeholdersinvolved in different types of diseaseforums. These
valuable conclusions provide a better understanding of health
care social media use by different stakeholders that may aid
improvements in social media services to facilitate diverse
stakeholder engagement for more effective health information
sharing and social interaction.

This study also has some limitations that must be considered
further. Further research should examine how to describe and

Luetd

measure the impacts of health care socia media use on health
self-management. Users involved in social media maintained
good communication and developed online social networks,
and thus future studies should include social network analysis
of different stakehol der groupsto determine the impacts of these
relationships on their engagement. In addition, some deeper
stakeholder analysis by using text mining techniques, such as
how to distinguish knowledgeable patients and professional
doctorsin specialist groups, would be considered in our further

study.
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Abstract

Background: Major international guidelinesrecommend mental health screening during the perinatal period. However, substantial
barriers to screening have been reported by pregnant and postpartum women and perinatal care providers. E-screening offers
benefits that may address implementation challenges.

Objective: The primary objective of thisrandomized controlled trial wasto evaluate the feasibility and acceptability of Web-based
mental health e-screening compared with paper-based screening among pregnant women. A secondary objective was to identify
factors associated with women's preferences for e-screening and disclosure of mental health concerns.

Methods: Pregnant women recruited from community and hospital-based antenatal clinics and hospital-based prenatal classes
were computer-randomized to a fully automated Web-based e-screening intervention group or a paper-based control group.
Women were eligible if they spoke or read English, were willing to be randomized to e-screening, and were willing to participate
in a follow-up diagnostic interview. The intervention group completed the Antenatal Psychosocial Health Assessment and the
Edinburgh Postnatal Depression Scale on a tablet computer, while controls completed them on paper. All women completed
self-report baseline questions and were telephoned 1 week after randomization by a blinded research assistant for a MINI
International Neuropsychiatric Interview. Renker and Tonkin's tool of feasibility and acceptability of computerized screening
was used to assessthe feasibility and acceptability of e-screening compared with paper-based screening. Intention-to-treat analysis
was used. To identify factors associated with preference for e-screening and disclosure, variables associated with each outcome
at P<.20 were simultaneously entered into final multivariable models to estimate adjusted odds ratios (AORS) and 95% Cls.

Results: Of the 675 eligible women approached, 636 agreed to participate (participation rate 94.2%) and were randomized to
theintervention (n=305) or control (n=331) groups. There were no significant baseline differences between groups. More women
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in the e-screening group strongly or somewhat agreed that they would like to use a tablet for answering questions on emotional
health (57.9%, 175/302 vs 37.2%, 121/325) and would prefer using atablet to paper (46.0%, 139/302 vs 29.2%, 95/325), compared
with women in the paper-based screening group. There were no differences between groups in women'’s disclosure of emotional
health concerns (94.1%, 284/302 vs 90.2%, 293/325). Women in the e-screening group consistently reported the features of
e-screening more favorably than controls (more private or confidential, lessimpersonal, |esstime-consuming). In the multivariable
models, being in the e-screening group was significantly associated with preferring e-screening (AOR 2.29, 95% CI 1.66-3.17),

while no factors were significantly associated with disclosure.

Conclusions: The findings suggest that mental health e-screening is feasible and acceptable to pregnant women.
Trial Registration: Clinicaltrials.gov NCT01899534; https://clinicaltrials.gov/ct2/show/NCT01899534 (Archived by WebCite

at http://lwww.webcitation.org/6ntWglyWhb)

(J Med Internet Res 2017;19(4):e88) doi:10.2196/jmir.6866

KEYWORDS
pregnancy; mental health; screening; prenatal care; computers

Introduction

The Need for Mental Health Screening

Depression and anxiety areamong the most common morbidities
in pregnancy, with prevalence rates of 13%-29% [1-3], and are
the leading causes of maternal mortality in Western countries
[4]. Without early screening and treatment, 50% to 70% of
women with prenatal anxiety or depression symptoms [5] will
experience persistent symptomsthrough their child'searly years
[6,7]. Recent findings from longitudinal birth cohortsalso revea
that chronicity of depression starting in pregnancy, whether
severe or subclinical, isemerging asamajor risk factor in child
development and mental health [8-11].

In the absence of routine screening, mental health problemsare
severely underdetected and undertreated in perinatal settings
[12,13]. This is, in part, due to the fact that the majority of
pregnant and postpartum women do not volunteer information
about their mental health without being prompted by a perinatal
care provider [14-18]. In our previous studies, we reported that
while 67% of pregnant women did not raise concerns about
their mental health with their physician or obstetrician, nurse,
or midwife, 97% indicated they were comfortable with
provider-initiated screening [19]. Our studies have identified
other common barriers that deter women from self-identifying
mental health problems, including “false” reassurancethat they
have received from friends or family, not knowing whether their
symptoms are “norma” or not during pregnancy, and
stigma-induced concerns such as not wanting their care provider
to see them as depressed or anxious and not wanting to be seen
as a bad mother [19]. However, 79% of pregnant women
reported they would disclose mental health concerns if asked
as part of their routine prenatal care [19,20]. Clearly, routine,
provider-initiated mental health screening plays an important
role in women’s willingness to disclose prenatal mental health
problems.

Studies also show that underdetection of mental health problems
in the perinatal population is due to the lack of standardized
screening, where up to 80% of cases remain unidentified by
perinatal care providers who used unstandardized approaches
for detection of mental health disorders (eg, without avalidated
tool) [21,22]. However, recent studies revea that routine

http://www.jmir.org/2017/4/e88/

prenatal and postnatal screening enhances detection and
increases the likelihood that women with a positive screening
result for depression will link to mental health services[23,24].
Thus, antenatal mental health screening holds benefits for
enhanced detection, increased linkage to services, and improved
clinical outcomes.

Although current evidence and international guidelines from
the United Kingdom [25], Australia[26], and the United States
[27,28] support the need for antenatal screening as a key
intervention for interrupting the cycle of perinatal mental
disorders and their negative impact on maternal and child
well-being, serious challenges exist for its implementation.
Despite high acceptance by women [29-31] and providers
[32-35], only 20% of North American perinatal care providers
conduct proactive screening as part of prenatal care [36] and
less than 15% of pregnant or postpartum women receive the
help they need [37]. A systematic review conducted by our team
(manuscript in preparation) found that substantial personal and
system-based barriers to routine screening exist for health care
providers, including lack of time to screen, lack of accurate
assessment tools and knowing how to interpret them, lack of
defined referral processes, the absence of connections with
mental health services, and frustration with the lack of
availability of timely servicesfor their pregnant patients[38-40].

Taken together, this body of research underscores the need to
develop screening processesthat are feasible for and acceptable
to both women and service providers, are designed to overcome
barriersto implementation, and are cost-effective and clinically
useful. Indeed, the most effective perinatal mental health
screening and management programs are those characterized
by screening processes that are incorporated into routine care
with designated systems of referral and treatment that are
initiated immediately after screening [26,41,42].

The Potential Impact of E-Screening

E-screening has potential to be an effective, low-resource
screening approach that can be feasibly embedded in a variety
of perinatal settings [43,44]. Importantly, it has potentia to
overcome the personal and system-based barriers to screening
identified by pregnant women and health care providers, and it
can screen for sensitive issues such asintimate partner violence
[45-47] and postpartum depression [48]. It can increase
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efficiency of mental health care by reallocating scarce human
resources to where they are most needed—in-depth follow-up
assessment, referral, and treatment. It is well-suited for busy
clinical settings, can be personalized to patient needs, offers
audio or video options for low literacy, provides real-time data
[43,44], achievessimilar or greater rates of disclosure compared
with interviews, and is preferred by patients because of its
anonymity [44,45,49,50]. However, to date no studies have
evaluated the feasibility or acceptability of e-screening as an
approach to routine screening in pregnant women.

Objectives

The objective of this study wasto compare the views of pregnant
women randomized to an intervention group and a paper-based
screening control group on the feasibility (eg, disclosure of

Figure 1. CONSORT flow diagram.

Kingston et a

concerns about their mental health, specific features of
screening) and acceptability (eg, women's preference) of
e-screening. A secondary objective was to identify factors
associated with women'’s preferences for e-screening and their
ability to disclose mental health concerns.

Methods

Study Design

The study was a pardlel-group, randomized controlled
superiority trial (Figure 1). The protocol has been previously
published (Clinical Trials.gov identifier: NCT01899534) [51].
Approval for this study was granted by the Human Research
Ethics Board at the University of Alberta.

[ Enrollment

Assessed for eligibility (n=675)

¥

Excluded (n=39)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=39)

+ Other reasons (n=0)

Randomized (n=636)

l

¥ { Allocation ]

hd

Allocated to intervention (n= 305)
+ Recelved allocated intervention (n=302)
+ Did not receive allocated intervention

J
Allocated to control (n=331)

+ Received allocated control (n=329)
+ Did nat receive allocated control {requested

(requested withdrawal) (n=3)

withdrawal) (n=2)

s

Follow-Up 1

¥

¥

4

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued control (n=0)

Analysis 1

Analyzed (n=305)
+ BExcluded from analysis (n=0)

Analyzed (n=331)
+ BExcluded from analysis (n=0)

Eligibility Criteria

Pregnant women were eligible if they were (1) able to speak or
read English; (2) willing to be randomized to e-screening; and
(3) willing to participate in a follow-up diagnostic interview
within 1 week of recruitment. Because the Web-based screening

http://www.jmir.org/2017/4/e88/

tool was intended to be completed unassisted, it was designed
for use by women with varying degrees of computer literacy.
Setting and Recr uitment

Women were recruited from 2 community-based family
physician-ed maternity clinics, a high-risk antenatal unitin a
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tertiary care center, and 2 community hospital-based prenatal
classes in Edmonton, Alberta. The high-risk antenatal unit is
located in the inner city and serves a demographically diverse
population. One maternity clinic was located in amiddle-class
suburb, while the other was located in a neighborhood with a
high proportion of new immigrant families. The hospital-based
prenatal classes served women from across the urban center.
Thus, the recruitment strategy aimed to include participants
with diverse demographic and obstetric characteristics. None
of the care providers at the recruitment sites had specialized
training in mental health care. Additional details on the
recruitment sites are available in the study’s published protocol
[51].

Trained research assistants at each site used a standardized script
to invite women to participate in the study. Once women
completed the consent form electronically on atablet computer,
the computer program designed by the Women and Children’s
Health Research Institute (WCHRI) automatically randomized
them (1:1) to the intervention or control group. Thus, the
research assistant was blinded to group alocation. Full details
on recruitment and consent procedures are found in the trial
protocol [51].

The E-Screening I ntervention

The e-screening intervention was afull psychosocial assessment
including (1) the Antenatal Psychosocia Health Assessment
(ALPHA) [21,35] and (2) the Edinburgh Postnatal Depression
Scale (EPDS) [52]. Thisisaligned with international guidelines
recommending that screening comprise an evaluation of risks
for mental health problems (ALPHA) as well as current
symptoms (EPDS) [26,42].

The ALPHA askswomen questions on thetopicsof family life,
stressors, feelings about the pregnancy, substance use, abuse,
and family of origin. Items are rated as yes or no or 6-point
Likert-scale options and are completed in 5 minutes. On the
basis of a review of responses in each category, providers
subjectively judge whether women are at low, some, or high
psychosocial risk. The ALPHA has undergone extensive face
and content validity testing, can readily be implemented in
routine prenatal care, and pregnant women find it acceptable
[35,53].

The 10-item EPDS is one of the most widely used screening
instruments for detecting antenatal and postnatal depression
symptoms within the previous 7 days [52]. A score of 13 or
higher (range 0-30) is a well-established cutoff for clinically
significant depression symptoms consistent with meeting the
criteria for a major depressive episode [52]. Original
psychometric testing resulted in asensitivity of 85%, specificity
of 77%, positive predictive value of 83%, split-half reliability
of .8, and Cronbach alpha of .87 [52]. A screenshot of the
Web-based version of the EPDS is provided in Multimedia
Appendix 1.

Women randomized to the intervention group accessed the
intervention for free. They compl eted the assessment onasingle
occasion and had no further access to the intervention beyond
that time. Research assistants recruiting the women provided
technical assistance as needed to assist women to get started on
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the tablet computer, although the link was labeled and readily
available on the home screen. No specialized training was
offered to the intervention group because completion of the
Web-based e-screening tool was intended to be a largely
self-sufficient, self-report option for clinical settings. No study
participants were aware which group was the intervention of
interest.

The Paper-Based Screening Control Group

Women in the control group completed paper-based versions
of the ALPHA and EPDS, followed by the Web-based baseline
guestionnaire.

Procedures

Following recruitment, women completed the Web-based
e-screening or paper-based version of the screening tools
independently (in the recruitment setting) as well as a
Web-based baseline questionnaire including (1) demographics
(age, parity, marital status, education, income, ethnicity, country
of birth, and length of time in Canada); (2) obstetric history
(current and past, including use of fertility treatments); (3)
mental health history (diagnoses, treatment); (4) level of comfort
with computer technology; (5) quality of relationship with
perinatal care provider; (6) level of social support, experience
of talking with doctor, nurse, or midwife about emotional health;
and (7) adverse childhood experiences (using ACE questionnaire
[54]). With the exception of the ACE questionnaire, questions
weredrawn from those used in the All Our Babies Study [55,56]
and the Canadian Maternity Experiences Survey [57]. The
baseline questionnaire also included Renker and Tonkin's
Computer Assessment Evaluation (CAE), whichisafeasibility
and acceptability assessment. Logos belonging to institutional
affiliations were visible on questionnaires and consent forms,
aswell asin the description of the primary investigator. Women
in both groups were telephoned by atrained research assistant
(blinded to group alocation), 1 week after recruitment, to
complete a MINI International Neuropsychiatric Interview
(MINI, version 6.0.0) [58].

No data were stored on the tablets. When women submitted
their information, it was sent to a secure server housed in the
Faculty of Medicine & Dentistry at the University of Alberta.
The Web-based e-screening tool and questionnaire were built
using an existing infrastructure offered by Checkbox Survey
software provided by the WCHRI Clinical Research Informatics
Core. The Web-based e-screening tool was tested for usability
and navigability through focus groups as part of a concurrent
randomized controlled trial, asdescribed in that trial’s published
protocol [59]. No changes to the tool were made after initial
testing. Data transfer between the tablet and server was
encrypted. Data imported to statistical databases for analysis
were not identifiable.

Safety Protocol

If women met the criteriafor amood or anxiety disorder on the
MINI or if they scored 13 or more on the EPDS, the research
assistant made areferral for the women (with their permission)
to the hospital-based reproductive mental health support
program.
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Sample Size

Because no datawere available to guide estimation of aminimal
clinically important difference in true cases detected through
e-screening, we used a confidence interval approach [60]. On
the basis of high levels of acceptability and disclosure reported
using computer screening [46,47], we established that
e-screening would befeasibleif, intheintervention group, 85%
of women indicated that they were able to tell the truth on all
guestions on the psychosocial assessment (question 7 of the
computer assessment evaluation, CAE). For our other outcomes,
we based the sampl e size cal cul ation on 85% of women scoring
4-8 on the Risk subscale of the Disclosure Expectations Scale
and 85% scoring 16-20 on the Utility subscal e of the Disclosure
Expectations Scale. Using amargin of error of .05 and 25% as
an estimated loss to follow-up, we calculated that 261 women
per group (N=522) were required (see protocol [51] for
calculation). At a final sample size of 636, the study is
sufficiently powered to detect differences in the outcomes
between groupsif they exist.

M easur ement of Outcomes

We measured women'’sviews on thefeasibility and acceptability
of e-screening with an adapted 9-item version of Renker and
Tonkin's assessment of thefeasibility of computerized screening
for interpersonal violence [46,47]. Of the 9 items, 2 items are
related to acceptability of e-screening (I did or would like to
use atablet to answer these questions about emotional health;
| would prefer answering questions about emotional health on
thetablet compared to apaper questionnaire) and the remaining
7 items measure broad areas of feasibility, including disclosure
(I was ableto tell the truth on all the questions about emotional
health; | did not like answering the questions about emotional
health on the tablet or paper because it was hard to answer how
| really felt), features of screening (privacy; ease of
understanding questions; impersonal; time to completion), and
comparison with paper-based screening. Women in the
intervention group answered questions rating their experience
of e-screening (eg, | liked answering questions about emotional
health on a tablet because it felt private). Those in the control
group answered questions to assess their views on e-screening
if they had the opportunity (eg, | would like answering questions
about emotional health on atablet becauseit would feel private).
Responses were rated on a 5-point Likert scale (1=strongly
disagree to 5=strongly agree).

Analysis

Intention-to-treat analysis was conducted for all research
questions. We used descriptive data (frequencies and 95% Cls;
means and SDs) to describe the sample. Baseline differences
in groups were compared using independent t tests (means) and
chi-square tests (%) to determine the extent to which
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randomization was successful. Statistical significance for all
analyses and final modelswas set at P<.05. We used chi-square
teststo compare proportions of women in each group responding
affirmatively to questions on feasibility and acceptability.

For analyses related to factors associated with the outcomes of
preference for e-screening and disclosure, we conducted
bivariate analyses to identify independent factors that were
significantly associated with each of the outcomes at P<.20,
estimating unadjusted odds ratios and their 95% Cls. Those
variableswere entered in the 2 final multivariable models, where
P<.05 defined factors that were significantly associated with
the outcomes in the final models. All significant independent
variables were entered into the multivariable models
simultaneously, and each variable was controlled for by all other
variables in the model. For the fina models, we reported
adjusted odds ratios and their 95% Cls.

Results

Sample Characteristics

Of the 675 eligible women who were approached between
August 2013 and January 2015, atotal of 636 (94.2%) women
agreed to participate and were randomized to the intervention
(n=305) or control (n=331) group. No women were deemed
ingligible after the initial screening for eligibility. A total of 5
women withdrew from the study following group allocation, 3
intheintervention group and 2 in the control group. Therewere
no statistically significant differencesin relation to demographic
variables between the 2 groups (Table 1).

The majority of pregnant women were 25 to 34 years of age,
partnered (married, common-law, or living with apartner), were
white, had incomes of Can $80,000 or more, had at least some
postsecondary education, were pregnant with their first child,
and werein their first trimester of pregnancy (80.3%, 494/615;
see Table 1). More than a quarter of the participants had been
diagnosed and treated for anxiety, depression, or another mental
health concern before joining the study, and 18.0% (113/629)
reported having 4 or more adverse childhood experiences. There
were no statistically significant differences between the
intervention and control groupsin demographic characteristics,
comfort with computers, tablets, or mobile phone previous
mental health diagnoses or treatment, obstetric history, mean
gestational age, or number of adverse childhood experiences.
More than two-thirds of women (n=423) were recruited from
community-based maternity clinics, 21.0% (131/624) were
recruited from community-based prenatal classes, and 11.2%
(70/624) were recruited from the high-risk antenatal unit.
Missing datawere 3.3% (615/636) or lessfor all variables, with
the majority having less than 1.5% (10/636); thus, data
imputation was not used.
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Table 1. Sample characteristics (N=636).

Characteristics Full Paper-based screening E-screening P value?
sample group (n=331%), group (n=305%),
(N=636. " n (36) n (%)
n (%)

Recruitment site

Community-based clinics 423 (67.8) 224 (70.0) 199 (65.5) A7
High-risk antenatal unit at tertiary care center 70 (11.2) 34 (10.6) 36 (11.8)
Prenatal classes 131(21.0)  62(19.4) 69 (22.7)

Age, years
<25 88(139)  50(15.2) 38 (12.5) 51
25-34 459 (72.2) 233 (70.6) 226 (74.6)
35+ 86 (13.6) 47 (14.2) 39 (12.9)

Incomein Can $

Less than $40,000 97 (15.4) 52 (15.8) 45 (14.9) 81
$40,000-$79,999 139(22.0) 75(22.8) 64 (21.2)
$80,000 or more 395(62.6) 202 (61.4) 193 (63.9)

Education
High school or less 100 (15.8)  57(17.3) 43(14.2) 29
Some postsecondary or more 531 (84.2) 272 (82.7) 259 (85.8)

Marital status
Unpartnered (single, divorced, or separated) 27 (4.3) 14 (4.3) 13 (4.3) .98
Partnered (married, common-law, or living with a partner) 604 (95.7) 315 (95.7) 289 (95.7)

Ethnicity
Not white 169 (26.8) 91 (27.7) 78 (25.8) .60
White 462 (73.2)  238(72.3) 224.(74.2)

Born in Canada
No 119(18.9) 66 (20.1) 53 (17.5) 42
Yes 512(81.1)  263(79.9) 249 (82.5)

Ever diagnosed with depression, anxiety, or any other kind
of emotional concern

Yes 164 (25.9)  86(26.1) 78(25.7) 91
No 470 (74.1) 244 (73.9) 226 (74.3)

Ever treated for depression, anxiety, or any other kind of
emotional concern

Yes 179(28.2)  92(27.9) 87 (28.6) 84
No 455(71.8)  238(72.1) 217 (71.4)
Pregnant before

First child 426(69.3) 213 (68.5) 213 (70.1) 67
Not first child 189(30.7)  98(315) 91 (29.9)
Gestational age, mean (SD) 9.00(6.46) 8.61(6.08) 9.39 (6.80) 22

Used fertility treatmentsto become pregnant

Yes 35 (5.5) 17 (5.2) 18 (5.9) 67
No 599 (94.5)  313(94.8) 286 (94.1)
ACE score
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Characteristics Full Paper-based screening E-screening P value®
sample group (n=3319), group (n=305%),
(N=636%, (%) n (%)
n (%)
Score greater than or equal to 4 113 (18.0) 64 (19.5) 49 (16.3) 31
Score less than 4 516 (82.0) 265 (80.5) 251 (83.7)
| am comfortable using a computer or laptop
Very comfortable 501(93.7)  311(94.5) 280 (92.7) 45
Somewhat comfortable 36 (5.7) 17 (5.2) 19 (6.3)
Not very comfortable 4(0.6) 1(0.3) 3(1.0)
| am comfortable using a computer tablet (eg, iPad)
Very comfortable 530(84.0)  280(85.1) 250 (82.8) 64
Somewhat comfortable 89 (14.1) 44 (13.4) 45 (14.9)
Not very comfortable 12 (1.9) 5(15) 7(2.3)
| am comfortable using a smartphone
Very comfortable 546 (86.5) 286 (86.9) 260 (86.1) 32
Somewhat comfortable 70 (11.1) 38(11.6) 32(10.6)
Not very comfortable 15(2.4) 5(15) 10(3.3)

8350me demographic data missing.

bCompariszon of control and intervention groups. chi-square statistic used for variables with 3 or more categories, two-tailed t test used for variables

with estimated means.

Primary Objectives

Acceptability of E-Screening

More women in the e-screening group strongly or somewhat
agreed that they would like to use or did like using atablet for
answering questions on emotional health (57.9%, 175/302 vs
37.2%, 121/325) and would or did prefer using atabl et to paper
(46.0%, 139/302 vs 29.2%, 95/325), compared with women in
the paper-based screening group. We observed, too, that fewer
women who used the tablet answered does not matter one way
or the other than women who compl eted paper-based screening
on the items | would or did like to use a tablet to answer
guestions about emotional health (30.8%, 93/302 vs 53.5%,
174/325) and | would prefer answering questions about
emotional health on the tablet compared to a paper
questionnaire (40.4%, 122/302 vs 60.9%, 198/325).

Feasihility of E-Screening

Disclosure

Overall, women in both e-screening and paper-based screening
groups indicated that they would be able to disclose their
concerns about their mental health (Table 2). There was no
significant difference between groups on theitem | was ableto
tell the truth on all the questions about emotional health, with
94.1% (284/302) of women in the e-screening intervention

group and 90.2% (293/325) in the paper-based control group
somewhat or strongly agreeing they could tell the truth on all

http://www.jmir.org/2017/4/e88/

guestions. In addition, few women in both groupsindicated that
they would find it difficult to answer how they felt with
e-screening.

Features of Screening

Women in the e-screening group consistently reported the
features of e-screening as superior to paper-based screening.
For instance, significantly morewomen in the e-screening group
(vs paper-based screening) reported they would like e-screening
becauseit was private (64.6%, 195/302 vs 31.7%, 103/325) and
they perceived the questions to be easier to understand (88.8%,
268/302 vs 87.7%, 285/325). Similarly, fewer women in the
e-screening group reported they would find e-screening
impersonal (3.6%, 11/302 participants vs 4.9%, 16/ 325
participants). Finally, significantly more women in the
e-screening group reported they did not find screening too
time-consuming, compared with women in the paper-based
screening group (57.9%, 54/302 vs 40.9%, 40/325).

Comparison With Face-to-Face Screening

In both groups, less than 10% (24/302 and 30/325) of women
acknowledged that it would be easier to have a nurse ask
guestions about emotional health compared with completing
guestions on atablet. More than half the women in both groups
preferred self-report e-screening compared with face-to-face
screening, and this proportion was significantly greater in the
e-screening group (58.9%, 178/302 participants vs 50.7%,
165/325).

JMed Internet Res 2017 | vol. 19 | iss. 4 |e88 | p.192
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Feasibility and acceptability of e-screening.
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Individual items of computer assessment evaluation scale Full sample  Group 1: paper-based Group 2: e-screening  p gl yed
(N=627%),  screening (n=325%), (n=302%),
n (%) n (%) n (%)
1.1 would or did liketo use atablet to answer these
questions about emotional health?
Strongly disagree 42 (6.7) 23(7.1) 19 (6.3) <.001
Somewhat disagree 22 (3.5) 7(2.2) 15 (5.0)
Does not matter one way or the other 267 (42.6) 174 (53.5) 93 (30.8)
Somewhat agree 65 (10.4) 32(9.8) 33(10.9)
Strongly agree 231(36.8)  89(27.4) 142 (47.0)
2. | found the questions about emational health easy to
under stand
Strongly disagree 42 (6.7) 17 (5.2) 25(8.3) .03
Somewhat disagree 13(2.1) 10(3.1) 3(1.0)
Does not matter one way or the other 19 (3.0) 13(4.0) 6(2.0)
Somewhat agree 122(195) 72(22.2) 50 (16.6)
Strongly agree 431(68.7) 213 (65.5) 218(72.2)
3.1 would not or did not like answering questions about
emotional health on atablet becauseit felt or would feel
imper sonal®
Strongly disagree 306(48.9) 139 (42.9) 167 (55.3) 01
Somewhat disagree 66 (10.5) 32(9.9) 34(11.3)
Does not matter one way or the other 227 (36.3) 137 (42.3) 90 (29.8)
Somewhat agree 17 (2.7) 10(3.1) 7(2.3)
Strongly agree 10 (1.6) 6(1.8) 4(1.3)
4.1 would prefer answering questions about emotional
health on atablet compared to a paper questionnaire
Strongly disagree 43(6.9) 18 (5.5) 25(8.3) <.001
Somewhat disagree 30 (4.8) 14 (4.3) 16 (5.3)
Does not matter one way or the other 320 (51.0) 198 (60.9) 122 (40.4)
Somewhat agree 63 (10.0) 27 (8.3) 36 (11.9)
Strongly agree 171 (27.3) 68 (20.9) 103 (34.1)
5.1 would find it easier to answer the questions about
emotional health on atablet rather than having a nurse
ask me questions
Strongly disagree 24 (3.8) 12 (3.7) 12 (4.0) .02
Somewhat disagree 30 (4.8) 18 (5.5) 12 (4.0)
Does not matter one way or the other 230 (36.7) 130 (40.0) 100 (33.1)
Somewhat agree 173 (27.6) 96 (29.5) 77 (25.5)
Strongly agree 170(27.1) 69 (21.2) 101 (33.4)
6. | did not like answering the questions about emotional
health on thetablet or paper becauseit was hard to answer
how | really felt®
Strongly disagree 251 (40.0) 90 (27.7) 161 (53.3) <.001
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Individual items of computer assessment eval uation scale Full sample  Group 1: paper-based Group 2: e-screening  p ygued
(N=627%),  screening (n=325%), (n=3029),
n (%) n (%) n (%)
Somewhat disagree 89 (14.2) 46 (14.2) 43 (14.2)
Does not matter one way or the other 218 (34.8) 152 (46.8) 66 (21.9)
Somewhat agree 60 (9.6) 30(9.2) 30(9.9)
Strongly agree 9(1.4) 722 2(0.7)
7.1 would or did like answering questions about emational
health on atablet becauseit would or did feel privateb
Strongly disagree 23(3.7) 16 (4.9) 7(2.3) <.001
Somewhat disagree 35(5.6) 19 (5.8) 16 (5.3)
Does not matter one way or the other 271 (43.2) 187 (57.5) 84 (27.8)
Somewhat agree 155 (24.7) 66 (20.3) 89 (29.5)
Strongly agree 143(22.8)  37(11.4) 106 (35.1)
8.1 did not like answering questions about emotional
health on thetablet or on paper because the questions took
too long for meto answer®
Strongly disagree 213 (34.0) 93 (28.6) 120 (39.7) <.001
Somewhat disagree 95(15.2) 40 (12.3) 55(18.2)
Does not matter one way or the other 225 (35.9) 152 (46.8) 73(24.2)
Somewhat agree 78 (12.4) 32(9.8) 46 (15.2)
Strongly agree 16 (2.6) 8(2.5) 8(2.6)
9.1 wasabletotell thetruth on all the questions about
emotional health
Strongly disagree 20(3.2) 14 (4.3) 6(2.0) .25
Somewhat disagree 6 (1.0) 5(1.5) 1(0.3)
Does not matter one way or the other 24 (3.8) 13 (4.0) 11 (3.6)
Somewhat agree 64 (10.2) 33(10.2) 31(10.3)
Strongly agree 513 (81.8) 260 (80.0) 253 (83.8)

#Total sample missing data=9 (group 1: paper-based screening=6; group 2: e-screening=3).
B\Women in the intervention group answered questions rating their experience of e-screening (eg, | liked answering questions about emotional health
on atablet because it felt private). Those in the control group answered questions to assess their views on e-screening (eg, | would like answering

guestions about emotional health on a tablet because it would feel private).

“Women in the intervention group answered questions regarding the experience of e-screening (eg, | did not like answering questions about emotional
health on the tablet because the questions took too long for me to answer). Those in the control group answered questions regarding the experience of
paper-based screening (eg, | did not like answering questions about emotional health on paper because the questions took too long for me to answer).

dComparison of control and intervention groups:. chi-square statistic used for all variables.

Secondary Objectives

Factors Associated With Preference for E-Screening

Table 3 presents the results of the bivariate analysis of the
association of each independent variable with the outcome, |
would or did like to use the tablet to answer these questions
about emotional health. Independent variables associated with
the outcome at P<.20 were entered into the final multivariable
logistic regression model, including mode of screening, maternal

http://www.jmir.org/2017/4/e88/

age, income, and education. In the final model, only mode of
screening was significantly associated with the outcome, where
the odds of preferring e-screening were 2.29 times greater for
women in the e-screening group than women in the paper-based
screening group. When we repeated this analysis using the
outcome, | would or did prefer answering questions about
emotional health on the tablet compared to a paper
guestionnaire, findings were similar to the odds of preferring
e-screening estimated at 2.03 (95% Cl 1.46-2.84).
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Table 3. Factors associated with preference for e-screening based on the outcome, | would or did like using a tablet to answer these questions about

emotional health.
Independent variables Strongly or - Does not matter, UORP (95% CI) AOR® (95% Cl)
somewhat  somewhat or strongly
agree, disagree®,
n (%) n (%)
Mode of report
Electronic 176 (59.3) 127 (38.4) 234(170-3227  229(166-3.17)
Paper-based 121 (40.7) 204 (61.6) 1.00 1.00
Recruitment site
Community-based clinic or prenatal class 261(89.1) 288(88.9) 1.02 (0.62-1.69)
High-risk antenatal unit at tertiary care center 32(109) 36(11.1) 1.00
Age, years
Lessthan 25 31(10.5) 57 (17.2) 0.56 (0_35_0.90)01 0.68 (0.41-1.13)
Greater than or equal to 25 265(89.5) 274 (82.8) 1.00 1.00
Income
Less than $40,000 38(128) 59(17.8) 068 (0441060  077(049-123)
$40,000 or more 258(87.2) 272(82.2) 1.00 1.00
Marital status
Unpartnered 11(37)  16(4.8) 0.76 (0.35-1.67)
Partnered 285(96.3) 315(95.2) 1.00
Diagnosis of depression, anxiety, or any other kind of
emotional concern
Yes 74(249) 88(26.6) 0.92 (0.64-1.31)
No 223(75.1) 243 (73.4) 1.00
Ever treated for depression, anxiety, or any other
kind of emotional concern
Yes 81(27.3) 97(29.3) 0.91 (0.64-1.28)
No 216 (72.7) 234 (70.7) 1.00
Ethnicity
Not white 78(26.4) 89(26.9) 0.97 (0.68-1.39)
White 218(73.6) 242 (73.1) 1.00
Born in Canada
No 61(20.6) 57(17.2) 1.25 (0.84-1.86)
Yes 235(79.4) 274 (82.8) 1.00
Pregnant before
First child 197 (67.7) 228 (70.8) 0.86 (0.61-1.22)
Not first child 94(32.3) 94(29.2) 1.00
Education
High school or less 37(125) 63(19.0) 061 (0390940  073(045-118)
Some postsecondary or more 259 (87.5) 268(81.0) 1.00 1.00
Used fertility treatmentsto become pregnant
Yes 1861  17(5.1) 1.19 (0.60-2.36)
No 279(93.9) 314(94.9) 1.00
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Independent variables Strongly or  Does not matter, UORP (95% CI) AORC (95% Cl)
somewhat  somewhat or strongly
agree, disagree®,
n (%) n (%)
ACE score
Score greater than or equal to 4 49 (16.7)  63(19.0) 0.85 (0.56-1.28)
Score less than 4 245(83.3) 268 (81.0) 1.00

#The categories does not matter and somewhat or strongly disagree were combined to address low cell sizes in the somewhat or strongly disagree
category for some variables.

PUOR: unadjusted odds ratio.

CAOR: adjusted odds ratio.

9 ndependent variables associated with the outcome at P<.20 were entered into the final multivariable logistic regression model, including mode of
screening, maternal age, income, and education.

. P<.20 were entered into the final multivariable logistic
Disclosure regression model, including mode of screening and education.
Table 4 presents the results of the bivariate analysis of the |n the final model, no variables were significantly associated
association of each independent variable with the outcome, | with a woman'’s ability to be honest during mental health
was able to tell the truth on all the questions about emotional  screening.
health. Independent variables associated with the outcome at
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Table4. Factorsassociated with disclosure of mental health concerns during screening based on the outcome, | wasabletotell thetruth on all questions
about emotional health.

Independent variables Strongly or - Does not matter, UORP (95% CI) AOR® (95% Cl)
somewhat  somewhat or strongly
agree, disagree?,
n (%) n (%)

Mode of report

Electronic 285(49.3) 18(36.0) 173(0.95:315¢° 169 (0.92-3.08)

Paper-based 293 (50.7) 32 (64.0) 1.00 1.00
Recruitment site

Community-based clinic or prenatal class 507 (89.1) 42(87.5) 1.17 (0.48-2.86)

High-risk antenatal unit at tertiary care center 62(10.9) 6(125) 1.00
Age, years

Lessthan 25 80(139) 8(16.0) 0.85 (0.38-1.87)

Greater than or equal to 25 497 (86.1) 42 (84.0) 1.00

Incomein Can $

Less than $40,000 90(156) 7(14.0) 1.14 (0.50-2.60)
$40,000 or more 487 (84.4) 43(86.0) 1.00

Marital status
Unpartnered 25(4.3) 2(4.0 1.09 (0.25-4.73)
Partnered 552 (95.7) 48 (96.0) 1.00

Diagnosis of depression, anxiety, or any other kind of
emotional concern

Yes 150 (26.0) 12 (24.0) 1.11 (0.57-2.18)
No 428(74.0) 38(76.0) 1.00

Ever treated for depression, anxiety, or any other
kind of emotional concern

Yes 164 (28.4) 14 (28.0) 1.02 (0.54-1.94)
No 414 (71.6) 36(72.0) 1.00

Ethnicity
Not white 151(26.2) 16 (32.0) 0.75 (0.40-1.40)
White 426 (73.8) 34(68.0) 1.00

Born in Canada

No 110(19.1) 8(16.0) 1.24(0.57-2.71)
Yes 467 (80.9) 42 (84.0) 1.00
Pregnant before
First child 394 (70.0) 31(62.0) 1.43 (0.79-2.60)
Not first child 169 (30.0) 19 (38.0) 1.00
Education
High school or less 87 (15.1) 13(26.0) 051 (0.26-0.99)d 0.52 (0.27-1.02)
Some postsecondary or more 490 (84.9) 37(74.0) 1.00 1.00

Used fertility treatments to become pregnant

Yes 32(55  3(6.0) 0.92 (0.27-3.11)
No 546 (94.5) 47 (94.0) 1.00
ACE score
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Independent variables

Strongly or

Does not métter,

UORP (95% Cl) AORC (95% Cl)

somewhat  somewhat or strongly

agree, disagree®,

n (%) n (%)
Score greater than or equal to 4 106 (18.4) 6(12.0) 1.66 (0.69-3.99)
Score less than 4 469 (81.6) 44 (88.0) 1.00

8The categories does not matter and somewhat or strongly disagree were combined to address low cell sizes in the somewhat or strongly disagree

category for some variables.
bUOR: unadjusted odds ratio.
CAOR: adjusted odds ratio.

q ndependent variables associated with the outcome at P<.20 were entered into the final multivariable logistic regression model.

Discussion

Principal Findings

The findings of this study suggest that e-screening isafeasible
approach to mental health screening. Overall, women in both
e-screening and paper-based screening groups indicated that
they would be ableto disclosetheir concerns about their mental
health, with women in the e-screening group consistently
reporting the features of e-screening as superior to paper-based
screening. |n the multivariable analyses, we found that women
in the e-screening group were more likely to prefer e-screening
compared with women in the paper-based screening group.
However, none of the independent variables, including
demographics, mental health history, mode of screening, or
obstetric history, were significantly associated with women's
ability to be honest during screening.

Primary Outcomes

Acceptability of E-Screening

More women in the e-screening group favored the use of the
tablet for mental health screening and indicated a preference
for e-screening over paper than women in the paper-based
screening group. This is consistent with our previous studies,
in which 86% of pregnant women surveyed indicated that they
would be very or somewhat comfortable answering questions
on acomputer or iPad [61].

Itisalso interesting that more women who were randomized to
the e-screening group responded with amore defined preference
for e-screening (eg, higher proportion agreed, lower proportion
reported that it did not matter one way or the other), compared
with women in the paper-based screening group. This finding
may relate to the benefit that those in the e-screening group
experienced, compared with women in the paper-based
screening group who anticipated their responsesto e-screening.
This finding is important from an implementation perspective
when considering women's initial responses to e-screening.
While women who have never completed e-screening may
initially be ambivalent, our evidence suggests that the actual
experience may prove to be an easier, more comfortable, and
more private experience than anticipated. Thisinformation (eg,
oncewomen experience e-screening, they tendto “likeit”) may
also be valuabl e to share with women who express ambivalence
about e-screening.

http://www.jmir.org/2017/4/e88/

Feasibility of E-Screening
Disclosure

The vast majority of women in both groups reported that they
were able to tell the truth on al questions about emotional
health. We were interested in this aspect of screening because
previous qualitative studies of paper-based and face-to-face
screening found that some pregnant [62] and postpartum [62,63]
women purposefully limited their disclosure of current or
previous mental health concerns during the screening process.
We wanted to quantify the magnitude of this issue, given that
the ability of screening toolsto accurately identify women with
potential mental health problems depends on women being
honest in thefirst place about their status. Our trial’sfinding is
consistent with a previous cross-sectional study we conducted
(N=460) in which 79% of pregnant women indicated they could
be completely honest if their prenatal care provider asked them
about their mental health [20]. Multivariable analysis in that
study also showed that the level of honesty (completely vs
somewhat or not at all) women anticipated they would have
during screening did not vary depending on whether questions
were asked on paper or tablet or computer [20]. We found no
other studies that assessed disclosure of mental health issuesin
pregnancy during e-screening. Our findings align with Renker
and Tonkin's conclusions that postpartum women were able to
discloseinterpersonal violence during acomputer-administered
interpersonal screening assessment [47].

Features of Screening

All of the features of e-screening that we assessed were viewed
more favorably by the e-screening group, suggesting that these
women felt that e-screening was a superior approach to
screening than paper-based screening. Significantly morewomen
in the e-screening group perceived that screening was not too
time-consuming and that e-screening had the benefits of being
more private than paper-based screening. These findings are
similar to one study of computerized violence screening where
postpartum women reported that the features of computer
screening made it easier for them to answer questions about
violence, compared with face-to-face or written approaches
[47]. Fewer women in the e-screening group also indicated that
they found e-screening impersonal, whichis positive given that,
anecdotally, clinicians have expressed concerns that women
might find e-screening too impersonal to divulge clinically
important information.
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We found no other studies with which to compare our findings
regarding pregnant women's (or others') perceptions of the
features of mental health e-screening. However, women'sviews
on these features of e-screening do not appear to influence its
clinical benefit. Although women in the e-screening group found
e-screening to have more optimal features than a paper-based
approach, both groupsindicated they could disclosetheir mental
health concerns, regardless of mode of screening. From another
perspective, however, women's perceptions of the benefits of
e-screening may impact uptake of screening and therefore
screening rates. For instance, if women perceive e-screening to
be a personal, private experience of easy-to-manage questions,
they may be more willing to consent to screening as part of
routine prenatal care. Certainly, issuesrelated to the process of
screening have been previoudly identified as deterrents to
screening. For example, in a qualitative study examining the
acceptability of face-to-face postnatal depression screening,
some women described the lack of privacy during screening as
inhibiting and inappropriate, while others described the
face-to-face approach asintrusive. In addition, e-screening may
eliminate some of the barriers to screening engagement that
women have identified regarding poor attitudes and negative
judgment of the health care professional conducting the
screening [62,63].

Comparison With Face-to-Face Screening

In this study, less than 10.0% (24/302 or 30/325) of women in
each group indicated that it was easier to answer questions on
emotiona health when asked face-to-face, in this case by anurse
(compared with on atablet), more than half in each group stated
apreference for e-screening over nurse-led screening, and less
than 5.0% (11/302 or 16/324) reported that they would not like
e-screening because it would feel impersonal. Taken together,
these findings suggest that women prefer self-report methods
over face-to-face approaches for mental health screening. A
previous cross-sectional study that we conducted in a sample
of 460 pregnant women recruited acrossthe province of Alberta
(Canada) showed similar findings in that while more women
were comfortable with a variety of self-report options (paper,
e-screening, completion at home and sending to clinic,
completionin clinic waiting room), the mode of screening that
garnered the lowest level of comfort was being called at home
by anurse [61]. Findings of thistrial are also consistent with a
cross-sectional study conducted by Renker and Tonkin, which
reported that, in general, postpartum women “ overwhelmingly
supported” computer-administered interpersonal screening
assessment over face-to-face and written approaches [47].

The qualitative study by Rollans et al [62] reported that, during
the process of mental health screening by a midwife, some
pregnant women found the midwives responses when they
disclosed sensitive information distressing. At times, it wasthe
response of the midwife or nurse to a woman'’s disclosure that
caused her the most distress. Thisstudy a so found that women's
perceptions of the midwives approach influenced their level
of comfort with screening, especially when they felt like they
were “being watched.” In light of the fact that women did not
view e-screening as impersonal, and perceived a potential risk
with face-to-face screening, e-screening may offer a more
acceptabl e approach to screening.
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Secondary Outcomes

Factors Associated With Women'’s Preferences for
E-Screening

The finding that none of the characteristics we assessed,
including demographics, mental health history, and obstetric
history, were significantly related to women's preferences for
e-screening suggests that most women would accept being
screened using either mode. The only factor significantly
associated with women's preference for e-screening was being
in the e-screening group. This result suggests that women who
actually experienced e-screening were more likely to prefer it.
This should offer some reassurance in e-screening
implementation in the clinical setting in that it indicates that
once women use e-screening they tend to favor it.

Factors Associated With Women’s Disclosure During
Screening

No factors we assessed were significantly associated with
women's ability to be honest during screening, including mode
of screening (e-screening vs paper-based screening). As such,
wedid not identify any subgroups of women who might beless
apt to disclose their mental health concerns during screening.
This finding suggests that women across al ages, income, and
education, those with a mental health history, and those with
obstetric complications would be comfortable with being honest
during mental health screening. Thelack of association between
mode of screening and disclosureindicatesthat both paper-based
and e-screening approaches to screening facilitate disclosure.
These findings are similar to those of our cross-sectional study,
inwhich we also found that neither e-screening nor paper-based
screening were related to disclosure [20]. This is positive, in
that it suggeststhat clinical settings can select whichever mode
best suits their service delivery model without hampering
disclosure.

Limitations

In order to limit participant burden, we eval uated the e-screening
and paper-based versions of the ALPHA and the EPDS.
Although these 2 screening tools are widely used in perinatal
clinical settings, evaluation of other tools is warranted (eg,
Generalized Anxiety Disorder—7 scale, Whooley Questions,
Antenatal Risk Questionnaire). Overall, women in our study
tended to be well-educated, partnered, and affluent, which may
limit the generalizability of the findings. However, in our
multivariable analyses, these factors were not important
influences in women's perceptions of the acceptability and
feasibility of mode of mental health screening. We al so excluded
women who did not speak English as the first step to tria
e-screening. Indeed, one of the most important applications of
e-screening may be the feature of having immigrant women
answer questions in their preferred language and devising a
computer-based algorithm to assess the scal e score and interpret
it automatically for the English-speaking provider. Future studies
should evaluate this application of e-screening.

Conclusions

The final participation rate for the trial was 94.2% (636/675),
suggesting that most women were eager to participatein atrial
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of screening for mental health concerns. This trial’s findings  would require minimal training to support women in accessing
support the feasibility and acceptability of e-screening among the Web-based screening link on the tablet computer. Future
pregnant women, suggesting that it isaviable service delivery  studies should evaluate the effectiveness of e-screening on
option for mental health screeningin busy, primary caresettings.  clinical outcomes, including follow-up assessment, linkage to
As an implementation consideration, clinic and hospital staff — services, and reduction of risk of mental health disorders.
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Abstract

Background: Attention Deficit Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder, prevalent among
2-10% of the population.

Objective: The objective of this study was to describe where, what, and when people search online for topics related to ADHD.

Methods: Datawere collected from Microsoft’s Bing search engine and from the community question and answer site, Yahoo
Answers. The questions were analyzed based on keywords and using further statistical methods.

Results: Our resultsrevealed that the Internet indeed constitutes a source of information for people searching thetopic of ADHD,
and that they search for information mostly about ADHD symptoms. Furthermore, individuals personally affected by the disorder
made 2.0 more questions about ADHD compared with others. Questions begin when children reach 2 years of age, with an average
age of 5.1 years. Most of the websites searched were not specifically related to ADHD and the timing of searches aswell asthe
guery content were different among those prediagnosis compared with postdiagnosis.

Conclusions: The study results shed light on the features of ADHD-related searches. Thus, they may help improve the Internet
as a source of reliable information, and promote improved awareness and knowledge about ADHD as well as quality of life for
populations dealing with the complex phenomena of ADHD.

(J Med Internet Res 2017;19(4):€126) doi:10.2196/jmir.6579

KEYWORDS
attention deficit hyperactivity disorder; Internet; search engine; coping behavior; parents

diagnosis between 2003 and 2007 [3]. ADHD is characterized
by a developmentally inappropriate performance level,
Background impulsivity, and inability to sustain attention and concentration

Attention deficit hyperactivity disorder (ADHD) isacommon, (4.

chronic, and pervasive pediatric neurodevel opmental psychiatric ~ Previousliterature has indicated the mobility of the real-world
disorder that is prevalent among 2-10% of the population and ~ daily manifestations of ADHD from early childhood to
hasacomplex etiology [1,2]. Inthe United States, approximately ~ adulthood as well as gender-related differences [5,6]. ADHD
5.4 million or 9.8% of children aged between 4 and 17 years haslongstanding neuropsychological impairmentsand therefore,
are diagnosed with ADHD, with a 21.8% increase rate of ~parents of children suspected or diagnosed with ADHD often
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experience daily distress[7-9]. Having achild with ADHD has
several implications on family life, and requires parental
management of their child’s daily behavior. Parents often need
to take on the role of case manager or “ gatekeepers’ and need
to manage the home, school, and social behaviors, as well as
medications, the daily routine, and therapy sessions, including
communication with the therapit, if in treatment [3,10]. Not
surprisingly, family members of children with ADHD face daily
strains and search for information and solutions to these issues
[11]. Thus, it is of interest to identify what, where, and when
information is searched for related to ADHD and its
management.

ADHD symptoms often appear in early childhood, yet the
clinical guidelines of the American Academy of Pediatrics
recommend diagnosing ADHD only from the age of 4 [12].
Although parents may feel differencesin their child's behavior
in comparison to other children from an early age, most children
are diagnosed with ADHD only at the age of 7-8 years when
their behavior can be validated by school teachers' reports.
Consequently, ADHD diagnosis is likely to be influenced by
the child’s social and school environment aswell asthe child’'s
external characteristics[13-15].

Therefore, from the child’s early years of development up to
school years and even during adulthood, parents worldwide
may search for resources and solutions related to their child’'s
behavior.

A previous study of theinformation needs of parents of children
with ADHD revealed that parents’ information resources were
related to pediatricians (86%), books (76%), general
practitioners (65%), schools (61%), the Internet (59%), and
other forms of media (54%) [16]. Parentswere mainly interested
inthe causes and symptoms at thetime of ADHD diagnosisand
preferred to receive verbal information from professionals
(69%), whereas pediatricians were rated highest as a useful,
trusted, easy-to-understand, and up-to-date information source.

Nowadays, the Internet is a popular source of information and
medical information is one of the most popular Internet topics
thus enabling children’s diagnosis or self-diagnosis as well as
support at different coping stages[17-20]. However, due to the

http://www.jmir.org/2017/4/e126/
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limitations of theinformation supplied online, it wasfound that
online search complementsrather than opposesthe primary role
of the doctor-patient relationship for delivering health and
medical information from a professional trusted expert
[16,21-23]. The Internet may address people’s sense of
self-responsibility and their “everyday” needs for health
information searches through experience in navigating a
multiplicity of Web-based sources[21].

In that context, it was found that parents of children with
psychiatric diagnoses respond favorably to the Internet as a
source of information [24]. More specifically, parents of children
with ADHD found it to be a preferred source of information
among other resources, including physicians or educators
[16,25]. Accordingly, the extent of parental use of the Internet
and the type of information sought after is of interest to health
care providers[18].

Aim of the Study

The aim of this study was to explore the dynamic process of
Web-based information searches related to ADHD over a
3-month period. The specific goalswereto identify where, what,
and when information related to ADHD is sought after.
Improving insight about peopl €’ sinformati on-seeking behavior
may have implications on improving health care literacy and
health outcomes through Web-based solutions for this
population.

Methods

Data Collection

Datawere collected from two separate sources: (1) queries made
in the United States using the Microsoft Bing search engine
(following findings [26]) and (2) questions posted on the
community question-answering website, Yahoo Answers. The
latter site was chosen both for its overall popularity, aswell as
its popularity specifically among parents of children with
suspected or diagnosed ADHD (eg, [27]). The study was
approved by the ethics committee of the University of Haifa,
Faculty of Social and Health Sciences, approval number 368/15.

Figure 1 represents the information extraction process.
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Figurel. Analysisphases and number of questions analyzed by data source. ADHD: attention deficit hyperactivity disorder.

BING Yahoo Answers
222,626 users 1609 5| 12310
ADHD-related Allquestionsby — | questions :
\1, ques.“ons the same askers
613,069 A
ADHD related 6621
g 979 —_ S
queries E Personal ques-ﬂons All questions by queSTionS E
the same askers

I

27 258 694
Unknown Suspected After
diagnosis diagnosis

Bing Queries

All English language queries submitted to the Bing search
engine by users of desktop computers in the United States for
the 3-month period between January 2015 and March 2015 were
extracted. Queries were filtered to maintain only those that
contained the terms “ADHD” or “attention deficit” and
“disorder.” A total of 613,069 queriesfrom 222,626 userswere
identified.

For each query, the text of the query (without use of any
automated spelling correction), time, and date were extracted,
in addition to alist of pages shown to the user and the pages
clicked on by the user. In order to maintain privacy, user
identifiers, which were based on browser cookies, were
anonymized before access by the investigators. Queries were
aggregated preceding analysis preventing individual-level user
datum from being examined by the researchers.

We note that the market share of Bing in the United States is
around 19%, according to recent estimates [28]. The correlation
between the number of Bing users per county in the United
States and the number of peoplein that county according to the

2010 US Census is R>=.83 (P=.001). Furthermore, an analysis
of behavioral data collected from an opt-in consumer panel
recruited by an Internet analytics company comScore, which
includes age (in 5-year increments) and gender, shows a
correlation of .79 (P=.004) between thefraction of usersat each
age and gender between Bing and Google users. Thus, it is
estimated that Bing users are a representative sample of the US
popul ation.

Yahoo Answers Questions

Questions about ADHD posted on Yahoo Answers, an online
community question and answer website, were collected. Bing
was used to query questionsfrom Yahoo Answersthat contained
the term “attention deficit hyperactivity disorder” or the term
“ADHD.” Thisresulted in 1609 unique questions.

http://www.jmir.org/2017/4/e126/

The questions extracted from Yahoo were then each labeled by
at | east three human assessors from the crowdsourcing platform
CrowdFl ower, who were asked to label the question according
to whether the question refers primarily to a person who (1) was
diagnosed with ADHD, (2) is suspected of having ADHD, and
(3) none of the above.

As presented in Figure 1, we refer to questions with the first
label as*“diagnosed,” the second as “ suspected diagnosis,” and
the third as “unknown.” The assessors agreed on a mgjority of
the questions' labels (79%) of the questions.

The authors examined a sample of the questions and identified
four main categories. Two M Scin occupational therapy research
assistants further classified the questions into one of the
following four groups:

1. Persona account

2. General question about ADHD

3. Question about ADHD among their pets
4. Other

A question was defined as* personal” if it was asked in the first
person form and included words such as “1” or “my son” or
“daughter” or “we” or “my wife,” which reflects the asker’s
personal involvement within the question being asked.

Phase A

A total of 979 personal account type of questions were found
and analyzed by the two research assistant raters. Each question
was examined to detect any additional information about the
person discussed in the question, including the age and gender,
whether the person was diagnosed with ADHD or not.
Furthermore, the raters analyzed whether the question addressed
problemsin (1) daily function, related to activitiesthat children
do throughout the day, including activities of daily living (such
as self-hygiene, dressing, showering, eating, walking), social
activities, and play; (2) behavioral manifestations, related to
how the child interacts with people in his or her environment
at home, school, or at social events; and finally, (3) academic
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performance, related to issues pertaining to school or
spontaneous learning, based on predetermined keywords and
examples (see Multimedia Appendix 1). The keywords and
examples were compiled by the first author based on initial
examination and content analysis of the extracted questions. In
this process, the main area of the question was recognized and
keywordsidentified. Additionally, an extensiveliterature review
of these areas and keywords was performed and accordingly,
the guidelines for classification by the raters were established.
In case of disagreement between the two raters, the issues were
discussed with the first author and the classification was made
according to the final decision of this discussion.

Phase B

All other ADHD-related questions that were posted by anyone
in the personal account or the general questions participant’s
category were extracted, resulting in 12,310 questions from
1130 users.

Results

Bing Queries

Bing queries were analyzed while focusing on the what and
where queries. Namely, what is the main concept that people

Table 1. The 10 most popular queries submitted to Bing.

Rosenblum & Yom-Tov

use for the search and where or in which sites do they search
for answersto their inquiries. Initially, the 613,069 queries made
on Bing were classified into whether they referred to individual
persons if they contained one of the following phrases: “my
son,” “my daughter,” “my child,” or “my kid;” approximately
0.4% of the queries contained these phrases, and thus are
referred to henceforth as “Individual Persons Query” (IPQ).
People, who made at least one IPQ made an average of 5.4
gueries, compared with an average of 2.7 queriesamong people
who did not make an 1PQ. Accordingly, users who referred to
individual persons tended to search for significantly more
information about ADHD. The 10 most popular ADHD-related
gueries submitted to Bing that included specific search terms
are presented in Table 1. Of these 10 queries, those referring to
similar content were grouped together resulting in 6 query
categories as described in Table 1. As awhole, the 10 queries
detailed in Table 1 were used by 21.80% of the searchers. Within
the queries, the most frequently used term in the question was
ADHD (5.71%), whereas 61.5% related to the general queries
about (1) ADHD and (2) ADHD and symptoms categories.

Query category Query Total N=613,069, n (%)
General ADHD? 35,010 (5.71)
Attention deficit disorder 4616 (0.75)
What is ADHD? 2960 (0.48)
Symptoms ADHD symptoms 10,945 (1.79)
Attention deficit disorder symptoms 2891 (0.47)
Test ADHD test 2321 (0.37)
Medications ADHD medications 6228 (6.9)
Children ADHD in children 4051 (0.66)
Adults Adult ADHD 3255 (0.53)
ADHD in adults 3007 (0.49)

8ADHD: attention deficit hyperactivity disorder.

The 20 most popular websites displayed asaresult of the ADHD
queries, and their rank in website popularity displayed to the
usersasaresult of their search in the Bing search result engine,
are presented in Table 2. Also presented isthe popul arity ranking
of the websites in terms of the likelihood of the users to click
on these websites when they are displayed in search results

http://www.jmir.org/2017/4/e126/

(Table 2). Thus, for example, the site www.cdc.gov is the 6
most popular site displayed in response to an ADHD-related
guery, but is not among the 20 sites most clicked in response
to ADHD-related queries. Both general information websites
and those specializing in ADHD are present in both rankings.
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Table 2. Most popular websites displayed and clicked on in Bing attention deficit hyperactivity disorder (ADHD) queries.

Website Rank in display Rank in click ADHD2specific HoNP approved
webmd.com 1 1 No Yes
additudemag.com 2 2 Yes
psychcentral.com 3 3 No Yes
wikipedia.org 4 4 No
helpguide.org 5 7 No
cdc.gov 6 >20 No
nimh.nih.gov 7 15 No
mayoclinic.org 8 10 No
medicinenet.com 9 >20 No Yes
healthline.com 10 8 No Yes
chadd.org 11 18 Yes
add.org 12 13 Yes
add.about.com 13 6 Yes Yes
drugs.com 14 16 No Yes
kidshealth.org 15 20 No Yes
nchi.nim.nih.gov 16 9 No Yes
livestrong.com 17 11 No
answers.yahoo.com 18 12 No
healthcentral.com 19 17 No Yes
helpdadhd.org 20 19 Yes

8ADHD: attention deficit hyperactivity disorder.

PHoN: Health on the Net.

The Health onthe Net (HoN) foundationisan organizationthat  Yahoo Answers Data

certifies websites that provide health-related information and
certification if they meet specific reliability standards.
Interestingly, athough 45% of the 20 popular websites that
appear in Table 2 are HoN-certified, only 35% of the clicked
websites are certified.

Aspresented in Table 2, Yahoo Answersisthe 18" most popular
website displayed to users in response to ADHD queries on
Bing and the 12th most popular site clicked by them. However,
Yahoo Answersis also the only question-answering site on the
list.

People who made at least one |PQ on Bing also differed in the
association of their browsing behavior with Yahoo Answers.
The average number of Bing queries made by peopleinthe |PQ
population who had a Yahoo Answers result displayed to them
was 5.7, compared with 5.4 in the remaining population.
However, peopleinthe | PQ population who clicked on a Yahoo
Answers result made an average of 14.5 queries on Bing
compared with 7.2 made by other users in this sample. Thus,
people who have a strong personal interest in ADHD tend to
search more on Bing and click more on Yahoo Answersresults.
Consequently, the following sections will focus on questions
from Yahoo Answers.

http://www.jmir.org/2017/4/e126/

Analysis of the questions in Yahoo answers focused on when
people ask questions concerning what troublethem, and whether
the main issue that troubles them is associated with the need to
ask more questions.

Phase A

In total, 979 persona questions were found in Yahoo Answers
in Phase A, as presented in Figure 1. Of these 979 questions,
26.35% (258/979) reported that the child was suspected of
having an ADHD diagnosis, 70.89% (694/979) reported that
the child was diagnosed, and the remaining did not report this
information. From the entire sample, 69.97% (685/979) of
guestions were about males, whereas only 23.49% (230/979)
of questions were about females, and the remaining 6.54%
(64/979) of questions did not state the child’'s gender. The age
of children was given in 98.06% (960/979) of questions. The
distribution of the reported age of children, stratified by whether
they werereported as being of suspected diagnosisor diagnosed
ispresented in Figure 2.

Moreover, children who were diagnosed with ADHD were
significantly older than those suspected of having ADHD. The
average age for the latter was 5.1 years (range 0.5-20, SD 2.5),
compared with 7.9 years for diagnosed children (range 3-20,
SD 2.7; ranksum, P<.001).

JMed Internet Res 2017 | vol. 19 | iss. 4 |€126 | p.208
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 3 displays the age distribution of children suspected of
ADHD, whereas Figure 4 displays the age distribution of
children diagnosed with ADHD, both stratified by reported
gender. The average age is 5.1 years for males, who are
suspected of having ADHD, and 5.2 years for females (hot
statistically significant, ranksum test).

The relative frequency of each of the three types of issues
reported in the questions (daily function, behavioral, academic),
stratified by age is presented in Figure 5 concerning children
suspected for ADHD and in Figure 6 concerning children
diagnosed as ADHD.

In order to gather more information about the query process, a
Cox hazard regression model [29] was constructed to assessthe
correlation between variables of the original first question and
the likelihood of asking additional questions related to ADHD.
The variablesin the model included the following:

1. demographics: age and gender
2. whether the question discussed functional, behavioral, or
academic issues related to ADHD

Rosenblum & Yom-Tov

3. diagnosis status. whether the question discussed a child
who was suspected to have ADHD, or aready diagnosed
with ADHD

4. whether the person inquiring appeared to be emotional,
helpless, or positive

5. whether the person inquiring asked for information

6. whether the question mentioned that the child wasreceiving
medication and whether the child had additional diagnoses

For this analysis, only 97.2% (952/979) of questions in which
the diagnosis status was known were considered. The
statistically significant variables (P<.05) were the diagnosis
status, meaning whether aquery appeared in children suspected
of ADHD or after diagnosis (hazard ratio: 0.60, P=.01), and
whether the asker revealed helplessness (hazard ratio: 1.45,
P=.05). Thus, additional ADHD-related questions are correl ated
with the child being before diagnosis (hazard lower than 1) and
with the person inquiring feeling helpless (eg, a hazard ratio
higher than 1).

Figure 2. Distributions of children’s age for the 952 questions where askers describe whether their child is suspected of attention deficit hyperactivity

disorder (ADHD) or diagnosed with it, in Yahoo Answers questions.
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Figure 3. Age of children suspected of having attention deficit hyperactivity disorder (ADHD), stratified by gender.
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Figure 4. Age of children diagnosed with attention deficit hyperactivity disorder (ADHD), stratified by gender.
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Figure5. Frequency of issues reported in children suspected of attention deficit hyperactivity disorder (ADHD), stratified by age.
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Figure 6. Frequency of issues reported in children diagnosed as attention deficit hyperactivity disorder (ADHD)), stratified by age.
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Phase B

In Phase B, 13.07% (1609/12,310) of ADHD-related questions
by users in our sample were extracted from all 12,310 Yahoo
Answers questions. The question was|abeled as ADHD-related
if the text contained the word ADHD, the name of a drug used
to treat ADHD (adderall, amphetamine, buspirone, clonidine,
ethylphenidate, mel atonin, methamphetamine, methyl phenidate,
oxycodone, or rember), or common comorbidities of ADHD
(developmental deficit malnutrition, autism, learning disability,
dydexia, bipolar, autistic spectrum disorder, mood disorder,
Tourette, Asperger’s syndrome, speech impairment, or obsessive
compulsive disorder). Of the entire set of questions, 53.79%
(6621/12,310) of questionswere asked by peoplein thelabeled
set of 979 personal account questions. Among the 979 personal
guestions, there were 13.0% (127/979) of questions labeled as
ADHD-related in this set by people who asked a question about
a child prediagnosis, and 33.6% (329/979) questions about
children postdiagnosis.
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RenderX

B Functional

B Academic

Considering al the 6621 questions, the ratio between the
probability of asking an ADHD-related question, divided by
the probability of asking any type of question, as a function of
timeispresented in Figure 7.

The questions were stratified by whether they were asked by a
user who discussed a child prediagnosisin the labeled set, or a
child postdiagnosis. As presented in Figure 7, a different trend
is observed among people who asked about a child before
diagnosis, where two spikes represent questions after
approximately 7 months and after approximately 2 years. We
attribute these peaks to further stages in the care for the child,
for which parents require additional information. The

postdiagnosis curve not only shows adownward trend (R?=.30,
P=.005), indicating that people are less likely to ask an
ADHD-related question after diagnosis, but aso shows a peak
around approximately 2 years, asfor the undiagnosed situation.
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Figure7. Theprobability ratio of asking an additional attention deficit hyperactivity disorder (ADHD)—related question, divided by suspected of ADHD

or aready diagnosed.
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Principal Findings

The aim of this study wasto obtain better insights about where,
what, and when people seek Web-based ADHD-related
information. The results indicate that the Internet indeed
congtitutes a source of information, as reflected by 613,069
queriesabout ADHD by 222,626 Bing users and 1609 questions
in Yahoo Answersin the defined time of the study. Theseresults
are supported by prior studies, which suggest that the Internet
is a source of information for people concerned with mental
health and developmental disabilities. People, including 96%
of parents, tend to seek out information on incidence, recurrence,
or increased severity of the disability [26,30,31]. More
specifically, both parents of adolescents with ADHD and the
adolescents themselves have expressed similar strong
preferences for ADHD information sources from the Internet
(49% and 51%, respectively) and from adoctor (40% and 27%,
respectively) [25]. Parents looking for information about their
child'ssymptomsand behavior seek to obtain toolsfor managing
the condition, in light of the lack of information on the various
aspects of handling ADHD [3,32].

This study also found that people, who areinterested in ADHD
due to a close family member’s diagnosis as reflected in 1PQ
queries, perform a more extensive search process compared

http://www.jmir.org/2017/4/e126/

RenderX

medical conditions [33]. Specifically, the study results
emphasize the necessity for more knowledge in order to cope
with the existing misconceptions concerning the treatment of
children with ADHD and assi st families who need to copewith
dilemmas, confusion, and uncertainty [3,34-37].

Currently, the literature about Web-based information seeking
among parents of children with ADHD is scarce. To the best of
our knowledge, there is no knowledge in the existing literature
related to which specific information parents seek for. Results
of this study that are presented in Table 1 indicate that among
the 10 most frequent queries, amounting in over 12% of the
queries, 61.5% wereinterestedin ADHD or ADHD symptoms.
These are in line with previous findings regarding the
uncertainty of parents regarding the nature of ADHD [38].
Providing parents with more accurate and reliable information
about early symptoms of ADHD is important. These early
symptoms stand out as the most important risk factor for later
antisocial development and impaired daily functioning as well
as learning difficulties [39,40].

The next highest category (6.9%) of queries was related to
medication. Nowadays, medication use is highly common
worldwide and is still the mainstay of ADHD treatment in the
United States [3]. Consequently, this finding supports this
population’s need for more research and knowledge about

JMed Internet Res 2017 | vol. 19 | iss. 4 [e126 | p.213
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

addressing dilemmas bound with taking medication, which is
a source of daily stress [41-43]. Furthermore, as previously
revealed, 37 of 57 ADHD websiteswerein fact funded by drug
companies. Hence, it is not clear whether the information
provided on the Web indeed addresses this population’s
concerns and needs or commercial interests [44].

Aside from searching for information about ADHD symptoms
and medication, 4.5% of the queries asked were related to
children and 6.9% related to adults with ADHD. This finding
isin accordance with the phenomena of ADHD as a life-span
longitudinal disorder, affecting 2-4% of adults [45-47].

The study results provided not only a response to the question
of what information was sought after, but al so where the search
was done. Thelist of the most popular websites that appearsin
Table 2 indicates that only 25% of the sites are ADHD-specific
websites, whereas the remaining websites deal with other issues.
The fact that only 35% of the clicked websites have been
authorized by HoN indicates a preference of users for less
authoritative websites, though possibly ones which provide
more social support [48,49] or websites that serve the users
prior beliefs. Asaresult of this pattern, research has found that
both parents and experts agree that the quality of the Web-based
information regarding treatment choicesfor ADHD isgenerally
poor and does not address parents’ needs [27,48,50].

In the personal questions category on Yahoo Answers, where
data about gender were available, the gender ratio was 3:1.
Respectively, after addressing the questions of what information
and where they searched for the information, the current results
addressed the question of about whom and when on the time
axis the question was asked. In line with previous findings that
reported higher frequency of ADHD in males compared with
females, with agender ratio of 3:1 and 2.3:1, aswell as greater
impairment among boys [51,52], most questions in this study
indeed were related to boys. Concerning the question of when,
analysis revealed that questions by parents who suspected that
their child had ADHD were asked aready at the age of 2 years,
whereas the average age in all those 258 questionsis 5.1 years.
This means that parental concerns about their child’s behavior
and daily function in the preschool years begin well before the
child enters the educational system, athough children with
ADHD are usually diagnosed during school years at just over
the age of 7. Asretrospective reporting of earlier symptomsis
difficult for parents, the Web may be a useful tool for capturing
information, which can support and establish the validity of the
criteria of previous manifestations for future diagnosis [53].

Moreover, it was interesting to obtain information not only
about which, where, and when, but also about what? What
indeed troubles the parents? What information is sought after?
The what question was analyzed among those who declared
having a diagnosis and those who did not declared so. As
presented in Figures 4 and 5, the most frequent issue raised in
both of those groups was the behavioral aspect of ADHD.
However, it is interesting to note that although 20% of the
guestions asked among families whose child’'s diagnosis is
unknown concerned functional daily issues, in the aready
diagnosed group, this category did not appear in relation to
younger children. Nonetheless, thereisevidencein theliterature
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that functional deficits occur among this population over the
years in the areas of self-hygiene, morning and evening
organization, and play and social relationships [54-57]. It is
unclear asto why these issues do not reflect in the Web-based
searches. It may be that the parents do not expect to find an
appropriate solution to such problemsor that they feel that these
issues aretrivial and as parents, they are expected to cope with
them regardless to the ADHD diagnosis.

Another interesting finding isthat in both the group that declared
and the group that did not declare a diagnosis, 20% or more of
the questions around the age of 12 years were related to the
academic queries category.

Academic deficits among children with ADHD have long been
documented (eg, [58-60]). As academic reguirements increase
over theyears, it isnot surprising that thisissue troubles parents
and that they search the Web for information about how to deal
with these difficulties [58]. However, it is surprising that more
questions related to academic performance were asked in the
group who did not declare adiagnosis. Perhaps these questions
are part of the parent’s dilemma as to whether the symptoms
they see are indeed indicators of ADHD, whereas among those
who are aready diagnosed, questions about academic
performance are possibly discussed with educational and
therapeutic professionals or on specific ADHD parents’ blogs
or forums.

Further to achieving insight about the which, when, where, and
what, our purpose was to identify who are the people that ask
additional questions following their first question. The results
showed that a question asked among those with no declared
diagnosis and included signs of helplessness, is associated with
asking more questions online. As mentioned above, parents
daily confrontations with the disorder serves as the motivation
for Web-based use. Therefore, it is understandabl e that parents,
who are more worried and more stressed as reflected in their
first question, continue to search for additional assistance.

When analyzing the phenomena of whether people whose
children were diagnosed asked more questions, it was found
that these people are less likely to continue to ask questions
online. Perhaps this tendency occurs because at this stage,
parents refer their questions to their doctor in light of the
findings of preference of this source among this population [25].
Another explanation may be that parents who have a question
concerning ADHD may find it easier to ask other people for
solutions, rather than seek for answers in preprepared
information pages. However, the peak in amount of questions
asked in both groups that appeared after approximately 2 years
may indicate that as the school environment requirements
increase, parents again try to search for information regarding
this demanding phasein life.

Summary

In summary, our results indicate that the Internet is indeed a
source of information about ADHD and tracking the search
process performed by the users on the Web sheds light on
peopl€e's needs. Besides the high priority given by parents of
adolescents with ADHD to receiving information from the
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doctor, regardless the time constrains [25], they indeed use
further Web-based searching [3,25,32].

Thus, as ADHD is a chronic long-life phenomenon, expert
professions may use the Web as a useful source of information
for supplying accurate information over time according to this
population’s daily needs [25]. Acquiring information may
prevent emotional consequences and socia difficulties which
in turn burden costs for individuals, health services, and
governments  (eg, [9]). Negative life outcomes and
underachievement may be prevented by understanding the
specific kind of assistanceisrequired and by providing the help

Rosenblum & Yom-Tov

Despitetheinteresting results, this study has several limitations.
Asfar as known, thisis the first study in which a quantitative
analysis of the search extent and content was performed. The
classification criteriaaswell asinterrater validity need to further
be discussed and improved.

Further studies that include more accurate criteriaas well as a
qualitative analysis of the queries made within international
Internet forums are required to achieve better insight about this
population’s needs and the existing barriersto seeking help (eg,
[17,61]).

in atimely manner [9].
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Abstract

Background: Patients suffering from depression have a high risk of relapse and readmission in the weeks following discharge
from inpatient wards. Electronic self-monitoring systems that offer patient-communication features are now available to offer
daily support to patients, but the usability, acceptability, and adherence to these systems has only been sparsely investigated.

Objective: We aim to test the usability, acceptability, adherence, and clinical outcome of a newly developed computer-based
electronic self-assessment system (the Daybuilder system) in patients suffering from depression, in the period from discharge
until commencing outpatient treatment in the Intensive Outpatient Unit for Affective Disorders.

Methods: Patients suffering from unipolar major depression that were referred from inpatient wards to an intensive outpatient
unit were included in this study before their discharge, and were followed for four weeks. User satisfaction was assessed using
semiqualitative questionnaires and the System Usability Scale (SUS). Patients were interviewed at baseline and at endpoint with
the Hamilton depression rating scale (HAM-D17), the Major Depression I nventory (MDI), and the 5-item World Health Organi zation
Well-Being Index (WHO-5). In this four-week period patients used the Daybuilder system to self-monitor mood, sleep, activity,
and medication adherence on a daily basis. The system displayed a graphical representation of the data that was simultaneously
displayed to patients and clinicians. Patients were phoned weekly to discuss their data entries. The primary outcomes were
usability, acceptability, and adherence to the system. The secondary outcomes were changes in: the electronically self-assessed
mood, sleep, and activity scores; and scores from the HAM-D17, MDI, and WHO-5 scales.

Results: Intotal, 76% of enrolled patients (34/45) completed the four-week study. Five patients were readmitted due to relapse.
The 34 patients that completed the study entered data for mood on 93.8% of the days (872/930), sleep on 89.8% of the days
(835/930), activity on 85.6% of the days (796/930), and medication on 88.0 % of the days (818/930). SUS scores were 86.2
(standard deviation [SD] 9.7) and 79% of the patients (27/34) found that the system lived up to their expectations. A significant
improvement in depression severity was found on the HAM-D17 from 18.0 (SD 6.5) to 13.3 (SD 7.3; P<.01), on the MDI from
27.1 (SD 13.1) to 22.1 (SD 12.7; P=.006), and in quality of life on the WHO-5 from 31.3 (SD 22.9) to 43.4 (SD 22.1; P<.001)
scales, but not on self-assessed mood (P=.08). Mood and sleep parameters were highly variable from day-to-day. Sleep-offset
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was significantly delayed from baseline, averaging 48 minutes (standard error 12 minutes, P<.001). Furthermore, when estimating
delay of deep-onset (with sleep quality included in the model) during the study period, this showed a significant negative effect
on mood (P=.03)

Conclusions: The Daybuilder systems performed well technically, and patients were satisfied with the system and had high
adherence to self-assessments. The dropout rate and the gradual delay in sleep emphasi ze the need for continued clinical support
for these patients, especially when considering sleep guidance.

(J Med Internet Res 2017;19(4):€123) doi:10.2196/jmir.6673
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depressive disorder, major; electronic monitoring; graph drawing; sleep; self-assessment; observationa study; inpatients; patient

participation; chronotherapeutics

Introduction

Major Depression

Major depressionisestimated by the World Health Organization
to top the list of the 20 most financially burdensome disorders
in the Western world [1], and a substantial part of these costs
cover hospital treatment for patients with severe depression
who have long-standing admissions, and who are often
readmitted dueto relapse[2,3]. Thus, in Denmark, these patients
have readmission rates between 10-30% in the monthsfollowing
discharge [4]. Furthermore, thereisan increased risk of suicide
in the immediate period following discharge [5]. Therefore,
new toolsand treatments are needed to prevent readmission and
suicide after discharge from inpatients wards.

Electronic Monitoring

Increased access to reliable and fast Internet services and the
development of interactive systems have spurred interest in the
use of electronic monitoring in medicine [6], including
psychiatry, where electronic monitoring is increasingly being
used asaclinical tool [7,8]. Existing systems differ in mode of
function and complexity. Some systems offer interactive
self-hel p with psychotherapy/psychoeducation [9], someinclude
clinical backup, some are designed for use on smartphones, and
others are designed for computers or tablets [10]. A small
number of systems use a bidirectional feedback 1oop between
patientsand clinicians[11,12], in which dataentered by patients
can be seen in rea-time by the clinician, and responses can
occur immediately if needed. These systems make it easier for
patients and cliniciansto notice changesin conditions over time,
be it behavioral changes such as activity or medication, or
psychopathological symptoms (eg, mood and sleep). Using
these systems, worsening of the condition can be acted upon
by patients and clinicians in collaboration, via comonitoring
[13]. In general, data entered in these systems are graphically
presented to enable patients and researchers/clinicians to
visualize relationships between the entered data and
development of the measured variables over time.

When used in research, electronic monitoring has a number of
advantages: it partly eliminates the need for pen and paper data
collection, it makes data immediately available for analyses,
and it secures day-to-day information that might otherwise be
lost due to cognitive dysfunction that is prevalent in patients
with major depression [14]. If the clinical practice can match
the opportunities given in interactive systems by supplying

http://www.jmir.org/2017/4/e123/

feedback, patients will be enabled to make earlier adjustments
intreatment and behavior by having an earlier and more focused
response to their condition.

High dropout rates are a common problem in electronic
monitoring [15], athough studies using systems that connect
patients and clinicians have higher adherence rates [16]. Some
applications have a multitude of options and can be difficult to
use for patients with depression. Simplicity and ease of use are
considered essential for users[17]. The system that we evaluated
in this study (the Daybuilder system) was developed with this
in mind, having a reduced number of assessment parameters
and a graphical representation that is central in the screen. The
Daybuilder system has been developed in close collaboration
with users and clinicians in psychiatry [18].

Summary

In summary, by using interactive electronic monitoring we can:
obtain day-to-day information of clinical state; obtain ameasure
of day-to-day variability; and enable patients and clinicians to
discover time-trends and relationships between variables that
facilitate early and morefocused intervention, viathe graphical
representation of dataover time. A pilot test with the Daybuilder
system showed the system to be easy to use and stable[18]. In
this study, the aim was to test the usability, acceptability, and
adherence to the Daybuilder system in patients suffering from
depression who were discharged from inpatient psychiatric
wards, and patients were followed for four weeks. We also
report relapse, the time courses of mood, sleep, and activity,
and the interrel atedness of these factors.

Methods

Design

The study design was a single arm observational study. The
study consisted of three distinct periods. Phase 1 wasthe period
from inclusion to discharge, Phase 2 was the period from
discharge to commencing treatment at the I ntensive Outpatient
Unit for Affective Disorders (IOA) service, and Phase 3 was
the period from the start at 10A to the end of each patient's
four-week study period.

Participants

Patients suffering from unipolar major depression that were
referred from inpatient wards to an 10A were asked to
participate in the study before they were discharged from
psychiatric inpatient wards. The scientific ethical committee
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for the Capital Region of Copenhagen was informed about the
study inwriting (Journal nr. H-3-2013-FSP32) and decided that
the study did not require review by the committee. The study
was approved by Psychiatric Center Copenhagen and the Danish
Data Agency (RHP-2013-023, I-Suite number: 02470). The
patient identification list was kept under double lock. Baseline
procedures consisted of a psychometric assessment and an
introduction to the Daybuilder system. Informed consent was
obtained from all participants after oral and written information
had been given about the study content and possible
consequences.

Eligibility Criteria

Inclusion criteriaincluded: major depression as defined in the
Diagnostic and Statistical Manual of Mental Disorders4™edition,
and age >18 years. Exclusion criteria included: suicidality
(corresponding to a score of 2 or above on the Hamilton
depressionrating scale[HAM-D,-] item 3, or if theinvestigators
were unabl e to assess the degree of suicidality), abuse of acohol
or other substances that could influence the use of the
Daybuilder system, bipolar ilIness, psychotic depression for the
last two weeks prior to inclusion, and comorbid dementia or
other organic brain damagethat could influence the participant’s
ability to use the Daybuilder system. Criteria for leaving the
study included: patients wishing to leave the study or admittance
for asomatic illnessthat would potentially influence the ability
to usethe Daybuilder system. Patients were allowed to continue
in the study if readmitted to an inpatient psychiatric ward.

Psychometric Assessment

Sociodemographicswere collected through interviews and from
case files. Diagnostic confirmation was done by use of the
Mini-International Neuropsychiatric Interview instrument [19].
Baseline and endpoint depression severity were assessed by the
investigator-administered HAM-D,, scale [20] which covers
thefull spectrum of depression symptoms, the Hamilton six-item
subscale (HAM-Dyg) [21] which covers the core symptoms of
depression, the Bech-Rafagl sen melancholiascale (MES) which
includes items covering symptoms of psychomotor retardation
[22], and paper-and-pen self-assessment was done with the
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Major Depression Inventory (MDI) [23], and the 5-item World
Health Organization Well-Being Index (WHO-5) scale [24].

Patients answered semiqualitative questions regarding the
usability of the system at baseline and at the endpoint. These
questions covered expectations on the use of the system at
inclusion, and reflection on experiences with the system at the
endpoint. Patients were asked to fill in the System Usability
Scale (SUS) at endpoint [25].

Daybuilder Procedures

A patient-specific profile was created on the Daybuilder
webpage for each patient, and each person was assigned astudy
number and an email address to enable them to log into the
system. Patientswere instructed on how to use Daybuilder, and
how to enter the following variables on all days of the four-week
study period: sleep-onset, sleep-offset, number of awakenings
at night, quality of sleep, naps (time and duration), mood
(morning and evening), activity (number of minutes outsidethe
psychiatric ward, or when discharged as minutes outside their
home as an estimate of activity), and medication (whether daily
medication were taken or not). Mood and quality of sleep were
entered on a Visuad Andog Scale (VAS, O=worst
depression/worst sleep ever; 10=no depression/best sleep).
Participants were instructed to enter mood scoresin the morning
and evening. Patients began data entry in the Daybuilder system
on the day of inclusion. Study investigators phoned patients
weekly to aid with any problems related to Daybuilder and to
discuss outcomes of data monitoring, as seen in the Daybuilder
graphs. Patients were seen by investigators at a final visit after
four weeks. Text messages were used during the project to help
patients remember that they had to enter their data. Patients
data were not seen between telephone calls.

All entries into the Daybuilder system were done through the
computer (personal computer or Mac), except mood values
which could also be entered through short message service
(SMS) text messaging. A reminder was sent twice daily over
SMS texting to register mood. When entering values in
Daybuilder, the system automatically generated a graphic
display of al variablesto aid understanding of evolving patterns
and relationships between variables (eg, between mood, sleep,
and activity; see Figure 1).
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Figurel. Anexample of graphic presentation in the Daybuilder application for sleep, mood, and exercise.
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Outcomes

The primary outcomes were usability, acceptability, and
adherence, which were assessed by SUS scores, semiqualitative
guestions, and adherence to dataentry in the el ectronic system.
Secondary outcomeswere changesin self-assessed daily scores
of mood, sleep, activity, and medication adherence.
Statistics

Usahility, acceptability, and adherence measureswere analyzed
on compl eters, who were defined as patients clinically assessed
at endpoint visit. Adherence was calculated as a percentage of
dataentry daysin relation to the planned four-week study period,
for each data entry parameter (eg, sleep, mood). Mood, sleep,
and activity outcomes were analyzed using available datafrom
all included patients. A mean daily mood score was cal culated
for those with more than one mood entry per day. Correlation
between Hamilton scores and mood scoreswas cal culated using
the Pearson correlation procedure.

Daily continuous scal e scores that were entered, including sleep
scores, were analyzed in arandom linear regression model using
available datafrom all included patients with intercept and day
as random effects. Results are given as estimated values,
confidence limits (CLs), standard errors (SEs), and P-values.
For explorative analyses on sleep parameters, the model only
included time (day) as a covariate. For explorative analyses on
mood the model included time (day), sleep-onset, sleep-offset,
sleep quality, activity, and interactions between sleep-onset and

http://www.jmir.org/2017/4/e123/
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day, deep-offset and day, sleep quality and day, and activity
and day. Summary means for sociodemographics, usability,
adherence, and acceptability measures are given with standard
deviations (SDs). All time points are in the form of
hour:minutes.

Based on the paper by Bech et a [26] showing that when
comparing MDI depression scores with a VAS scale (0=no
depression; 100=worst depression), the cut-off for severe
depression on the MDI (scores 31-50, higher scoresindicating
worse depression) corresponded to a VAS score of 58.4
(MDI=0.49*VAS+2.4). The VAS score used in this study was
reversed with O as the worst score and 10 as the best, so we
trandated the VA S score of 58.4 (approximated to 60) to ascore
of 4 and below as a signifier of severe depression. The level of
statistical significance was set at 5%, and was two-sided.
Analyses were performed by SAS software (SAS system for
Windows, release 9.4., SAS Ingt., Cary, NC, USA).

Results

Participants

In total, 230 patients were referred to the |OA in the inclusion
period from September 2013 to March 2015. Only 89 patients
were asked to participate, as the remaining did not fulfill
inclusion criteriaor fulfilled exclusion criteria, or were already
discharged at the time of screening. A total of 45 patients
accepted theinvitation to join the study. Sociodemographic data
isdetailed in Table 1.
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Sociodemographics

% or mean (SD)

Gender, females

Age, years

Duration of current episode, months

Number of previous episodes

Sick leave in current episode

Suicide attempt in current episode

Number of patients with a self-perceived eliciting factor for actual episode
Smoking

Electro Convulsive Treatment in current episode

Alcohol consumption, number of drinks per month

55.6%
35.9(10.8)
10.2 (11.7)
25(5.7)
73.3%
8.9%
84.4%
22.2%
22.2%

8.1 (15.6)

Mean age was 35.9 years (SD 10.8). Patients had 2.5 previous
episodes of major depression (SD 5.7) and a mean duration of
current depression of 10.2 months (SD 11.7). Most patients
were on sick leave. Only afew patients had attempted suicide
in the current episode before admission. Patients were treated
with 1.9 drugs (SD 0.9; range 0-4): antidepressants included
Selective  Serotonin @ Reuptake  Inhibitors  (n=12),
Serotonin-Norepinephrine  Reuptake Inhibitors  (n=15),
Noradrenergic and Specific Serotonergic Antidepressants
(n=11), mianserin (n=11), Tricyclic Antidepressants (n=15),
isocarboxazid (n=1), and agomelatine (n=1); antipsychotics
included quetiapine (n=8) and olanzapine (n=2); mood
stabilizers included lithium (n=5) and lamotrigine (n=4);
benzodiazepines (n=3); hypnotics (n=3); and melatonin (n=2).

Usability, Acceptability, and Adherence

In total, 76% of enrolled patients (34/45) completed the
four-week study; six patients dropped out during study Phase
1, and five patients during study Phase 2. The causes of dropout
included worsening of depression for six patients, and
miscellaneous nonillness related issues for the remaining five
patients. An additional five patients were readmitted to an
inpatient ward due to worsening of depression (al in study
Phase 2), all of whom continued their self-monitoring and were
evaluated at endpoint. Six patients were not discharged on the
last day of data entry. Thus, the readmission rate was 13%
(5/39). Mean days in study Phase 1 was 6.4 (7.9; range 0-28),
study Phase 2 was 7.6 (7.1; range 0-26), and study Phase 3 was
9.9 (9.6; range 0-28; P=.14). Electro Convulsive Treatment
(ECT) had been used for 22% (10/45) of all patients, 36% (4/11)
of the dropouts, and 18% (6/34) of the completers (P=.23).
Patientswho dropped out entered datainto Daybuilder for 12.5
days (11.9; range 1-28).

http://www.jmir.org/2017/4/e123/

In general, patients found that the Daybuilder system lived up
to their expectations; however, when evaluated at endpoint,
patients found that they had registered less data than they had
anticipated at baseline (Table 2). Fifty-nine percent of patients
(20/34) believed that the system could detect arel apse, and 50%
of patients (17/34) believed that the system could influence the
course of their illness.

Other semiqualitative questions at baseline showed that patients
expected the Daybuilder system to enable visualization of their
condition, give support and structure, enable positive
expectations, or give a hope of recovery. Several additional
self-monitoring items were suggested, such as social activity,
appetite, meals, anxiety, cognitive function, medication, and
side effects. At endpoint, only 50% of patients (17/34) felt that
the system had covered their needs for self-monitoring. A total
of 33 patientsfilled inthe SUS scale, with amean value of 86.2
(SD 9.7; range 65-100). Patients not receiving ECT (n=27) had
an SUS score of 86.9 (8.9; range 65-100) and patientsreceiving
ECT (n=6) had a score of 82.9 (13.0; range 65-97.5; P=.40).

The importance of the weekly phone calls was rated on a scale
from 0 to 10 (10=highest importance): 58% of patients (19/33)
rated in the interval 8-10, 33% (11/33) in the interval 5-7, and
only 9% (3/33) intheinterval 0-4. Thefrequency of phonecalls
was deemed appropriate by 35% of the patients (12/34).
Twenty-six percent of patients (9/34) would have liked more
frequent phone calls or a combination of consultation and
telephone contact, 12% (4/34) suggested being contacted when
the Daybuilder registrations showed signs of deterioration or if
dataentry wasmissing, 9% (3/34) felt aneed for amoreflexible
and individualized design that would depend on their mental
state, and 18% (6/34) did not answer this question.
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Table 2. Usability data from semiqualitative questions asked at baseline and endpoint.

Theme Basdline,  Endpoint, %
% (n=43) (n=34)
Did the Daybuilder system live up to expectations?
Yes 79 (27)
No 12(4)
Uncertain 9(3)
No response 0(0)
Do you think you will be able to make all registrations/did you make al registrations?
Yes 98 (42) 74 (25)
No 0(0) 26 (9)
Uncertain 0(0) 0(0)
No response 2(1) 0(0)
Do you expect that self-monitoring of mood will influence your mood/did self-monitoring influence
your mood?
Yes 44 (19) 32(12)
No 37(16) 65 (22)
Uncertain 19(8) 0(0)
No response 0(0) 3(0)
Is the need for self-monitoring covered in the Daybuilder system?
Yes 53 (23) 50 (17)
No 30 (13) 41 (14)
Uncertain 12 (5) 0(0)
No response 5(2) 9(3)
Do you expect that the Daybuilder system can detect/did detect a relapse of depression?
Yes 65 (28) 59 (20)
No 2(1) 18 (6)
Uncertain 30 (13) 18 (6)
No response 2() 6(2)
Do you expect that the Daybuilder system will influence the course of your illness/did the system
influence the course of your illness?
Yes 56 (24) 50 (17)
No 35 (15) 47 (16)
Uncertain 2(1) 0(0)
No response 7(3) 30

Only 9% of patients (3/34) were worried about technical
problems and 79% of patients (27/34) found that the system
lived up to their expectations. Thirty-two percent of patients
(11/34) felt that their self-assessment of mood in the Daybuilder
system had influenced their mood, but only one patient felt that
it had a negative effect. Adherence with data entry into the
Daybuilder application for the 34 completers was high: mood
on 93.8% of the days (872/930), sleep on 89.8% of the days
(835/930), activity on 85.6% of the days (796/930), and
medication on 88.0% of the days (818/930).

http://www.jmir.org/2017/4/e123/

Mood, Sleep, and Activity Outcomes From the
Daybuilder System

Table 3 details the self-assessment scores from the Daybuilder
system. Self-assessed mood was not significantly improved
during the four-week study period (P=.08). Additional analyses
showed that the frequency of mood scores <4 (equivalent to
severe depression), were prevalent in all three phases: 44% in
Phase 1, 31% in Phase 2, and 32% in Phase 3. Figure 2 shows
each patient’s self-assessed mood scores from the Daybuilder
system, with day of discharge inserted (marked DS in the
figure), and illustratesthe high day-to-day variability. Inspection
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of the patients that were readmitted showed no substantial

Table 3. Estimated self-assessment scores from the Daybuilder system.
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worsening of mood prior to readmission.

Day Mood score Sleep-onset hh:mm Sleep-offset hh:mm Sleep-midpoint hh:mm  Sleep Quality score  Activity minutes
(SE) (SE, min) (SE, min) (SE, min) (SE) (SE)
Dayl  4.7(0.3) 23:30 (9) 7:42 (9) 3:36(8) 5.2(0.2) 156.9 (17.6)
Day 8 4.9(0.2) 23:38(9) 7:54 (9) 3:46 (8) 5.4(0.2) 168.6 (15.0)
Day15 5.0(0.3) 23:46 (10) 8:07 (10) 3:56 (10) 5.6 (0.2) 180.2 (15.2)
Day22 5.1(0.3) 23:53 (15) 8:19 (12) 4:07 (11) 5.8 (0.2) 191.9 (18.0)
Day28 5.3(0.3) 24:00 (14) 8:30 (14) 4:15 (13) 5.9(0.3) 201.9 (21.8)
Change  0.5(0.3) 00:29 (10) 00:48 (12) 00:39 (10) 0.7 (0.3) 45.1 (25.6)
P-value .08 .006 <.001 <.001 .04 .09

Sleep-offset at endpoint was delayed to 48 minutes (SE 12)
compared to baseline sl eep-offset (P<.001; t=4.0, CL 24.6-74.7)
and was mostly prevalent in Phase 2. The range of slegp-onset
was from 19:00 to 06:30, and sleep-offset was from 24:00 to
14:30. should be " Sleep duration was 8:12 (hours:minutes) at
baseline and 8:30 (hours:minutes) at endpoint (P=.10). Sleep
quality was significantly improved during the four-week period
from 5.2 (SE 0.2) to 5.9 (SE 0.3; P=.04; t=2.2; CL 0.05-1.4).
Naps were only taken on 6% of study days (56/931). The mean
number of awakenings was 1.1 (1.9; range 0-20) per night.

The mean duration of activity was 156.9 minutes at baseline
(SE 17.6) and 201.9 minutes at endpoint (SE 21.8; P=.09).
Explorative analyses on the effect of sleep parameter on
self-reported mood showed no significant effect for sleep-onset,
deep-midpoint, or deep-offset, but sleep quality was
significantly positively associated with mood (parameter
estimate 0.15, P<.001, t=6.9; CL 0.11-0.19). Furthermore, when
estimating delay of sleep-onset (with sleep quality included in
the model) during the study period, this showed a significant

Table 4. Scores from depression and quality of life scales.

negative effect on mood (combined effect of sleep-onset and
theinteraction between sleep-onset and day). Thus, athree-hour
delay in deep-onset reduced mood by 0.4 pointscompared to
no delay (SE 0.2; P=.03; t=2.2; CL 0.04-0.77). Explorative
analyses showed no influence of study phase on self-monitored
mood and sleep quality (P=.93).

Interview and Self-Assessment Scores From
Paper-and-Pen Questionnaires

During the study period, a statistically significant reduction in
the degree of depression was seen on all depressions scales, and

an increase in scores was observed on the WHO-5 quality of
life scale (Table 4). Correlation between HAM-D;; and

self-reported mood was 0.51 (P<.001) at baseline, and 0.44
(P=.02) at endpoint. Linear regression showed anegative impact
of HAM-D; baseline scores on adherence to sleep and mood
registrations (sleep parameters, R°=0.18, P=.01; mood scores
R?=0.10, P=.07).

Scde (n) Basdline n (SD) Endpoint n (SD) P-value
Hamilton Depression Rating Scale 17 item version (34) 18.0(6.5) 13.3(7.3) <.001
Hamilton Depression Rating Scale 6 item version (34) 9.9(3.0) 7.1(3.7) <.001
Bech-Rafagl sen Melancholia Scale (34) 17.9(5.7) 13.3(7.0) <.001
Major Depression Inventory (33) 27.1(13.1) 222 (12.7) .006
5-item World Health Organization Well-Being Index (32) 31.3(22.9) 434 (22.1) <.001
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Figure 2. Individua daily self-assessed mood scores with day of discharge (DS) inserted.
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of patients would feel that assessment of mood would worsen
their mood. However, thiswas not the case in our study, as only

We expected the Daybuilder system to be manageable for this
patient category, and that there would be great day-to-day
variability in mood and sleep; both of these expectations were
confirmed. Based on prior results[11] we expected that a subset
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one patient had this experience.

Principal Results
Based on user reviews, the usability, acceptability, and
adherence of the Daybuilder system were found to be good.
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Sleep onset and offset varied greatly from day-to-day, and the
sleep-wake cycle was delayed significantly from baseline to
endpoint. Subjective mood scores entered in the Daybuilder
system also varied greatly from day-to-day, and demonstrated
no improvement from baseline to endpoint.

Considering the short study period, a dropout rate of 24%
(11/45) in afour-week study period must be considered aslarge,
and was mainly caused by worsening of depression, although
the present study did not reveal the exact causesfor terminating
self-monitoring. Due to |OA’s referral rules, this patient group
isexpected to be more severely depressed and unstable than the
typical inpatient with depression, and from this background
some dropout isto be expected. Development in thisarea should
focus on mechanismsthat will keep patientsfrom dropping out,
especially when experiencing adeterioration of mood. Thisgoal
could be accomplished by implementing alarm systems activated
at mood drops, or when assessments are missing for more than
one day.

The secondary outcomes showed that patients’ sleep drifted to
later inthe day after discharge, and that this drift was associated
with worsening of mood. This finding, along with high
readmittance rates, callsfor an improved system with clinician
responses based on visual inspection of daily assessments. The
results from this study have prompted us to develop a
randomized study that focuses on mood scores and also aims
to prevent sleep drift by observing sleep data on a daily basis,
and contacting patients in cases of sleep drift or Sleep
irregularity.

Limitations

Patients referred to IOA probably belong to a more severely
depressed subset of inpatients, and thus do not reflect the general
group of inpatients with depression. We do not believe that the
inclusion and exclusion criteriahad any major impact on patients
that wereincluded into the study. The most common reason for
noninclusion was due to patients being discharged before we
could inform them of the project.

The study design, with asinglearm, failsto determinethe effects
that the Daybuilder system has on depression. Thisinformation
would require a randomized controlled trial. We cannot know
from our data whether an active clinician intervention could
have prevented dropout and readmission. This approach would
require incorporation of timely and active clinician help, and
necessitate that patient datais coupled with an automatic system
that aerts clinicians when deterioration is detected, and/or that
clinicians view patient data daily. Due to the low sample size,
negative results could easily be due to lack of power and
randomized studiesin thisfield should include far larger sample
sizes. Conversely, we cannot rule out spurious positivefindings.

ECT treatment is associated with a clinically recognizable
retrograde and anterograde amnesia, but this did not seem to
influence the use of the Daybuilder system in asignificant way.
Thisfinding is possibly atribute to the user-friendliness of the
Daybuilder system. The present study design did not allow
cliniciansto access any day-to-day assessment of patients' data,
meaning that aworsening of patients’ conditions could only be
detected once a week, in relation to the planned telephone
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consultation. This limitation puts the need for clinical
intervention into perspective.

Patients were instructed to enter morning and evening mood
scores to assess diurnal variation. However, not all patients
succeeded in this; thus, mood datareflects different time points
(morning or evening) and some of the day-to-day variation is
probably caused by diurnal variation. The registered difficulty
in entering a mood score more than once per day is probably
due to the way that mood data was entered into the Daybuilder
system, which used tabsinside the user interface. Caution should
also be taken when interpreting mean mood scores, as patients
who dropped out most likely experienced a deterioration of
mood, thus inducing a bias.

Thelow correlation between self-assessed mood and HAM-D,,
scores at baseline (0.51; P<.001) and endpoint (0.44; P=.02)
points to patients reporting aspects of their illness with a
different content than the items covered by the Hamilton score.
Postpublication analyses from our earlier study, using asimilar
depression VAS scale (Preskorn) also showed alow correlation
(Spearman) of 0.51 (P<.001) with HAM-D;; scores [27].
However, this finding does not imply that self-assessed mood
scores are less valuabl e than the Hamilton scores, but only that
self-assessed scores report other aspects of the depressiveillness
(such as negative and positive affect), and are possibly more
akin to apatient’s own experiences of their condition. We must
also consider whether a higher daily mood sampling frequency
would be better to track mood fluctuation.

The results from sleep scores confirm that patients with
depression had a dysregulated sleep-wake cycle, with large
day-to-day variations and a substantial delay in sleep timing
when discharged. The finding that a delay in sleep-onset had a
negative impact on mood points to the possibility that an
intervention to prevent sleep delay could improve mood and
theoretically prevent relapse.

It was a surprise that patients’ self-assessed mood scores did
not significantly deteriorate in the days after discharge. It was
also unexpected that the self-assessed mood scores for those
that were readmitted did not deteriorate in the days preceding
readmission. These two results call for speculation on whether
the mood assessment that was used should be supplemented
with assessments more aimed at patient security, such as
monitoring of suicidal ideation or by using depression scales.
This consideration has prompted us to change our upcoming
study, which also uses electronic self-monitoring, such that the
wording of self-assessed mood is replaced by self-assessed
depression severity. Through communication with the patients,
wewill aim at acommon understanding of theword depression.
The Daybuilder system could beimproved if it is developed as
an app for smartphones or tablets. This progression would
eliminate the need for patientsto be near acomputer, and make
data entry more flexible.

Conclusions

In conclusion, patients were sati sfied with the Daybuilder system
and study completers had a high adherence to the Daybuilder
application. The dropout rate and the gradual delay in sleep
emphasize the need for continued clinical support for patients
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discharged from psychiatric wards, especially concerning sleep
guidance.

Improvement of the current Daybuilder system could be done
using daily clinician monitoring and daily responses to data
entry. This approach could be restricted to patients with
suspected suicidal risk or high risk of relapse, such as patients
treated with ECT [28]. Additionally, alarms connected to mood

Lauritsen et al

to patients that are deterioration or not registering data. Other
improvements include: development of a smartphone app, the
use of chat systems, and SMS options to facilitate
communication between patients and clinicians. Such an
improved full version would add to patient empowerment and
autonomy [29,30]. The present study, focusing on usability,
highlightsthe need for interaction between the clinician and the
patient.

ratings could be incorporated into the softwareto alert clinicians
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MES: melancholia scale

SD: standard deviation

SE: standard error

SM S: short message service

SUS: System Usability Scale

VAS: Visual Analog Scale

WHO-5: 5-item World Health Organization Well-Being Index
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Abstract

Background: Online health information-seeking behavior (OHISB) is currently a widespread and common behavior that has
been described as an important prerequisite of empowerment and health literacy. Although demographic factors such as
socioeconomic status (SES), age, and gender have been identified as important determinants of OHISB, research is limited
regarding the gender-specific motivational determinants of OHISB and differences between women and men in the use of online
resources for health information purposes.

Objective: The aim of this study was to identify gender-specific determinants and patterns of OHISB by analyzing data from
a representative German sample of adults (N=1728) with specia attention to access and frequency of use as well as topics and
sources of OHISB.

Methods: We employed a 2-step analysis, that is, after exploring differences between users and nonusers of online health
information using logistic regression models, we highlighted gender-specific determinants of the frequency of OHISB by applying
zero-truncated negative binomial models.

Results. Age (odds ratio, OR for females=0.97, 95% CI 0.96-0.99) and degree of satisfaction with one's general practitioner
(GP) (OR for males=0.73, 95% CI 0.57-0.92) were gender-specific determinants of access to OHISB. Regarding the frequency
of OHISB, daily Internet use (incidence rate ratio, IRR=1.67, 95% CI 1.19-2.33) and a strong interest in health topics (IRR=1.45,
95% CI 1.19-1.77) were revealed to be more important predictors than SES (IRR for high SES=1.25, 95% CI 0.91-1.73).

Conclusions: Usersindicate that the Internet seems to be capable of providing a valuable source of informational support and
patient empowerment. Increasing the potential value of the Internet as a source for health literacy and patient empowerment
requires need-oriented and gender-specific health communication efforts, media, and information strategies.

(J Med Internet Res 2017;19(4):€92) doi:10.2196/jmir.6668
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Introduction

The Relevance of Health Information Seeking

Patients today are increasingly challenged to make informed
choices regarding their health care and to play an activerolein
health-related decisions [1,2], a change which has been
described as empower ment [ 3]. However, arelevant precondition
of empowerment is health literacy (ie, the skills and
competenciesto find and evaluate health information [4-6]). In
contrast to the established body of research concerning the
concept of health literacy and corresponding measures—which
includes a constantly growing body of evidence on the
determinants of health literacy and the programs that are
effective in enhancing it—research on hedth information
seeking, a behavior closely linked to health literacy, has just
began to evolve over the past few years [7]. The dearth of
research in this area is all the more astonishing as health
information seeking behavior is known to have a strong
influence on health-related behaviora intentions, decisions, and
outcomes[8].

The Internet represents an increasingly important source of
health information [3,9,10], and hedlth is one of the most
common topics in online information seeking [9]. Although
there is increasing health information available [11], some
populations do not sufficiently benefit from the available
resources of health information, due to limited access or low
media literacy [12]; such population-specific differences raise
therisk of increasing health inequalities, commonly referred to
asthe“digital health divide’ [13,14]. In order to improve access
to health information [6], we not only need comprehensive
research on the gap between health-onliners (people who use
the Internet to search for health information) and health-offliners
(people who use channels other than the Internet to search for
health information), but also information regarding the
determinants of the frequency with which people seek health
information online. Although online health information seeking
has been analyzed mostly as a binary yes-no outcome, such
studies have made only limited contributions to the research
about the determinants of the frequency of seeking. Frequency
of online health information-seeking behavior (OHISB) is
becoming increasingly important as more peopl e use the Internet
[9], and an in-depth analysis of the major determinants and
outcomes of OHISB is needed.

In light of this clear need—and in paralle to the discourse on
thedigital divide [14]—the focus of research on OHISB shifts
from formerly relevant questions of access to and availability
of mere technology toward a deeper understanding of usage
frequencies, including demographic, motivational, and
health-rel ated factorsinfluencing the frequency of OHISB [15].
Among these factors, gender differences have been frequently
reported asrelevant for OHISB and health outcomes[9,16], but
littleisknown about the underlying reasonsfor such differences.
Apart from gender differences in general Internet usage [17],
reasons for gender differences in OHISB might include the
existence of different patterns concerning topics and sources of
health information seeking [18] or the lower interest of menin
health: Because men tend to be comparably less willing and
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motivated to engage with health topics [19], they might search
for online health information less frequently than do women.

It has been argued that gender differencesin OHISB might be
concealed by differing motives for seeking health information:
Whereas women are more interested in health issues and
emotional support, men are more interested in informational
support [20]. Men's higher interest in and earlier acceptance of
technology [21] has also resulted in higher mHealth adoption
intentions compared with women [22]. Gender differences have
also been reported in mobile phone gratifications [23], social
media usage [17], and activity in socia support groups [20].

Our am was therefore to understand gender-specific
determinants and patterns of OHISB. This understanding will
allow us to gain insight into gender-specific preferences
regarding content and sources, and to draw conclusions
regarding gender-specific targeting strategies for the
development of heath-related online media. To date, no
representative data on gender-specific OHI SB for Germany has
been analyzed using multivariate statistics [24], making this
paper the first such contribution. Our research for this paper
investigated the correlates of health-related online information
seeking with special regard to gender differences, conducting
a secondary analysis of the German Bertelsmann Health Care
Monitor 2015. We conclude with a discussion of implications
with regard to health communication theory and practice.

Theories of Health I nformation Seeking

The models that are frequently used to explain hedth
information seeking—such as the theory of planned behavior
(TPB [25]), the theory of motivated information management
[26], the risk perception attitude framework [27], or the model
of risk information seeking and processing [28]—primarily
concentrate on psychological variables (eg, risk perception,
subjective norms, control beliefs, or personal experience) or
content criteria of the media as determinants of health
information-seeking behavior (HISB) [29,30]. Asaresult, these
models and the studies referring to them neglect the direct
impact of gender on health information seeking, as well asthe
related reasons underlying this effect.

Although research has shown that females are more likely to
conduct HISB than males, integration of thisfinding into theory
is still lacking [31]. For example, the TPB includes gender as
a relevant external variable that influences intentional and
attitude-related processes, but the model does not specify the
influence of gender [32]; as a result, the TPB only alows
researchers to draw limited conclusions about gender-specific
health information strategies. One possible explanation for
gender-specific patterns of HISB might be found in socia role
theory [33], which posits that whereas the male gender role
casts men as agentic (ie, task-oriented), women are expected to
be more socialy engaged, with activities such as staying in
contact with family members or receiving understanding and
feedback from others [23]. These different social roles may
contain gender-specific health-related tasks such as care for
children or elderly family members, which arein turn associated
with an increased demand for health information [12]. These
different socia roles have also been associated with different
use of media channels[17,34] and might be related to different
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goas for OHISB. In addition to the sociocultural theory,
Meyers-Levy and Loken [35] described evolutionary theory,
hormone exposure of the brain, and selectivity hypothesis as
further theoretical approaches to explain gender differences.
These more biological approaches might be especially relevant
to explain differences between men and women in the seeking
and provision of socia support [20], technical affinity [21],
motivationsfor mediated communication [17], and information
processing strategies [35].

To date, there has been only minor exploration asto if and how
these differencesin motives and channel usage are also relevant
for online health information seeking. Gaining a better
understanding of gender differencesin HISB would help health
communication scholars to develop gender-specific health
communication interventions. Regarding such considerations,
our analysis may contribute to the iterative junction of
theoretical approaches on HISB and gender differences.

Gender Differencesin General Internet Use and
Frequency

Today, the vast majority of the population across Europe and
North Americahas accessto the Internet [36], including 86.2%
of German residents. Due to the ever-decreasing proportion of
Internet nonusers, the discussion on differences between users
and nonusers has shifted from access to skills[37]. In general,
differencesin Internet usage are consistently reported to highly
depend on education, age, and gender [38], and socioeconomic
status (SES)—a combined measure of education, income, and
socia position—is strongly correlated with both frequency and
patterns of Internet use [39]. Age has been found to be
negatively associated with both Internet access and frequency
of use [40,41].

Regarding gender differences, findings are somewhat
inconsistent, that is, no significant differencesin general Internet
use have been detected in the United States [40]. The same is
true for many other similarly devel oped countries (eg, Sweden,
Norway, the United Kingdom) across Europe, where only minor
differences have been found [42]. However, ahigher proportion
of men than women in Germany reported using the Internet “at
least occasionally” (83.0% vs 76.0%, respectively) or “daily”
(68.3% vs58.0%, respectively) [43]; similar numbers have been
reported from some other European countries (eg, Austria, Italy,
Switzerland), although the significance of these differenceshas
not yet been determined [42]. In addition, gender differences
in Internet use might be interacting with age. Although they are
evident in older cohorts, they tend to be smaller in younger age
groups [7,44]. Men and women seem to differ in both their
motivations for and utilization of multiple forms of mediated
online communication [17], referring both to topicsthey search
for and to the ways they communicate. These results indicate
that women, compared with men, prefer and more frequently
engagein interpersonal communication online, using toolssuch
as socia networking sites to maintain relationships [45].

Online Health Infor mation-Seeking Behavior

The Internet’s already-prominent role in HISB continues to
increase, that is, in the United States, 59% of the adult
population (ie, more than 72% of adult Internet users) seeks
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onlineinformation concerning health topics[9], and the numbers
for Germany and other European countriesare similar [46]. The
Internet is such apopular source of health information primarily
because it is an active information channel with a wide range
of information on health content, health communities, and health
provision [47]. The Internet as a health information source has
been found to be especially important for people suffering from
chronic diseases[15,48] and for those who are newly diaghosed
with a medical condition or health problem [49]. For them,
OHISB is away to obtain more in-depth information, as well
as a way to seek out support and contact with other people
affected by the same medical condition or diagnosis. Thisaccess
to social, informational, and emotional support on specific topics
then empowers peopleto manage their health and to takeamore
active role when interacting with their physicians [3,50,51].
However, significant disparities still exist regarding access to
and the ability to process health information online, with older
and less educated people being less likely to take advantage of
this resource [2,16,52,53].

Gender differences have not only been reported for general
Internet use, but also for general health-related behaviors and
outcomes, with men having higher mortality and morbidity
rates, engaging in more risky behaviors (eg, smoking, alcohol
abuse), and taking part in fewer health-promoting behaviors
than women [54]. Men also tend to underestimate their health
risks, which can lead to avoidance and reactance toward
traditional risk information messages; however, despite these
differences, littleis known about effective gender-specific health
communication strategies [55].

With regard to gender-specific HISB, many studies show that
women are more engaged in health information seeking in
general, as well as on the Internet, specifically. Being female
is among the strongest predictors of conducting OHISB
[15,48,49]. Whereas women report to be more interested in
health information and show more active search activities[56],
men are lesslikely to read health information [57]. This gender
gap in OHISB wasfound to be stable over time when analyzing
six waves of Heath Information National Trends Survey
(HINTS)—data from 2002 to 2013 [31], and was also proven in
a robust meta-analysis on US adults [7]; in contrast, recent
research from a German sample indicated only aminor gender
gap in frequency of OHISB, which did not reach statistical
significance[24]. Results have a so been inconsistent regarding
the channels utilized: Bidmon and Terlutter [24] found that
women used health forums, blogs, and search engines as sources
more frequently than men, whereas men used apps for OHISB
more fregquently. In contrast, other studies have reported that
men use health-related apps [58] and track health-related
indicators as often as women do [9].

Our main goal wasto analyze gender-specific determinantsand
patterns of OHISB. Our first question was which
sociodemographic—including gender—and health-rel ated user
characteristics explain general utilization of health information
on the Internet (RQ1l). The second question was
whether—among those who use the Internet for health-related
purposes—the same factors determine the frequency of OHISB;
to address this question, we ask which sociodemographic and
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hedth-related user characteristics—in  relation  to
gender—explain the frequency of OHISB (RQ2).

Among the hedth-onliners, we are also interested in the
gender-specific health-related topics they are most interested
in and the online media they prefer to use as sources of health
information (RQ3).

Methods

Data Collection and Sample Size

Data were taken from the Bertelsmann Health Care Monitor
2015, arepresentative national German health survey (available
asopen accessfiles) conducted by the Bertel smann Foundation
in cooperation with the Barmer GEK, a statutory health
insurance (see[59] for dataand further information). Thissurvey
assesses health-related knowledge, attitudes, and behaviors, and
issimilar to the annual American HINTS[12] or the Pew polls
[9]. The Bertelsmann Health Care Monitor has been conducted
annually viamail since 2001. Its average response rate is about
70%, and it has been established as an important data sourcein
the field of health research, with a number of key publications
based on it [60]. The basic population for the survey consists
of persons living in private households, aged 18-79 years, in
Germany. Samples are drawn from the GfK (German
Association for Consumer Research) Mail Panel and the sample
is representative concerning gender, age, the German federal
states, income, and education compared with the data of the
Statistical Yearbook of Germany [61,62]. Although the 2015
Bertelsmann Health Care Monitor comprised 1728 German
adults aged 18-79 years, for this study, we excluded respondents
who reported not to usethe Internet at all, since our main interest
is to explain OHISB. Thus, the remaining sample size was
N=1219.

The excluded Internet nonusers showed statistically significant
differences for several demographic criteria: They were much
older (mean 64.7 years, SD 12.1) than the Internet users (mean
46.0, SD 15.0) with a higher proportion of female respondents
(59.9% [299/499] vs50.04% [610/1219]) and lower SES(31.2%
[150/481] vs 15.86% [177/1116]). These findings confirmed
prior research concerning demographic determinants of general
Internet use [39,40,43].

M easures

Online Health Information Seeking Behavior (OHI1SB)

Our main analyses were based on participant responses to the
guestion “How many times did you use the Internet for seeking
health information within thelast 12 months?’ Answersranged
from O to 130 with a mean of 4.37 (SD 9.44); answers were
strongly right skewed (skewness=5.85, SE 0.07). To address
our first analytical goal of uncovering the gender-specific
determinants of utilization of OHISB, we created a dummy
variadble to separate health-offliners (OHISB=0) from
health-onliners (OHISB>1). To meet our second goa of
assessing gender-specific determinants of the frequency of
OHISB, we left the responses on their original scale but
excluded the health-offliners from the analysis, asthey showed
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no variance in their HISB frequency. This resulted in a final
sample of 643 health-onliners.

The third objective—assessing gender differences in
health-related topics and information sources—was achieved
by analyzing the frequencies of the health-related topics and
websites the health-onliners used. Respondents were asked to
select the topics on which they searched for or received
information from a list of 14 items. These items ranged from
very specific (eg, “drugs and their pharmacological
interactions”) to more general (eg, “fitness, well-being”) topics.
Theseitemswere then grouped into three categories by content:
“disease and health care,” “health care policy and health care
system,” and “health and well-being.”

Respondents were then asked to select the sources they used
when conducting OHISB, that is, they were given the 10 items
to choose from popular sources (eg, “online dictionary”) and
more specific sources (eg, “websites of noncommercial health
organizations’).

Predictor Variables of Online Health | nformation
Seeking Behavior (OHI SB)

Demogr aphic Variables

Participantswere asked to providetheir agein years and gender
(female or male), whereas SES was assessed by summing up
participants' responses on their education, occupation, and
income (weighted by household size) to ascore ranging between
3 and 27 following the standard procedure for the Health Care
Monitor [61]. Due to the application of conventional formats,
data on SES were transformed from the original 27-point scale
to a 3-point scale analog indicating “low,” “medium,” and
“high” SES.

Variable Related to General Internet Use

The frequency of general Internet usage was measured using a
3-point ordinal scale of “at least sometimes per month,” “several
times per week,” or “daily.”

Health-Related Variables

Patient status was measured using a 4-point scale ranging from
1 (“currently not affected”) to 4 (“chronicaly ill”). Weclassified
the responses from “mildly or not affected” to “severely or
chronically ill,” because OHISB patterns of healthy and mildly
affected respondents should be quite similar, whereas severely
or chronically affected people were expected to show
fundamentally different patterns. Participants perceived
relevance of understanding somatic processes, their
health-consciousness, and the satisfaction with their GP were
all measured using 5-point scales, that is, to measure
health-consciousness, participants were asked how much
attention they generally paid to their health, which they rated
from 1 (“Generadly, | don't take care of my health”) to 5
(“Generally, | take good care of my health”). Satisfaction with
their GP was scored from 1 (“very dissatisfied”) to 5 (“very
satisfied"), their perceived relevance of understanding somatic
processes was assessed by their degree of agreement—from 1
(“totally disagree”) to 5 (“totally agree”’)—concerning the
statement that “patients diagnosed with an illness should
understand exactly what is going on.”
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The extent to which respondents reported being interested in
information concerning health topicsin general was originally
measured on a 3-point scaleindicating weak, medium, or strong
interest. We transferred these answers into a dummy variable,
contrasting “low or medium level of interest” with “high level
of interest” to create reasonably equal group sizes (n=739 and
n=450, respectively). Looking at heath-onliners only, their
motivations to conduct HISB were assessed using 12 dummy
indicators covering abroad range of potential goals (eg, “to find
genera health information about health risks and diseases’ or
“determining the best treatment options’). On the basis of social
support theory [63], we categorized these 12 indicators into 3
indices representing aspects of “esteem support” (5 items),
“informational support” (5 items), and “emotional support” (2
items). The more items participants agreed within each index,
the higher their score (one point per item).

Items are given in Multimedia Appendix 1.

Statistical Analysis

To answer RQ1, a logistic regression model was conducted to
analyze the influence of sociodemographic, motivational, and
health-related factors on differences between heath-onliners
and health-offliners. Regarding RQ2, Poisson regression models
are traditionally used to model data like the frequency of
OHISB, as such models are suited to fulfilling the technical
needs of an outcome consisting of positive integers. However,
the application of Poisson models requires a data structure that
is seldom found in redlity, that is, the mean is equa to the
variance [64,65]. As the variance in real data is often much
bigger than the mean, “ overdispersion” tends to occur, leading
to biased variance estimates and associated inferential problems
[66,67]. Thiswas certainly the casefor our data, asthe variance
(136.9) isabout 16 times greater than the mean (8.32), indicating
severe problems due to strong overdispersion. Furthermore,
since we excluded all health-offliners (with an OHISB
frequency=0), our data contain no zeros, and the application of
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a standard negative binomial model—which tries to predict
zeros—should therefore be avoided [68]. We therefore
conducted zero-truncated negative binomial regression models
to explain the frequency of health information searching.
Missing values were deleted listwise for all multivariate
analyses. All analyses were conducted using SPSS 22 (IBM
Corporation) except the zero-truncated negative binomial
models, which were estimated using Stata 11.2 (Stata Corp
LLP).

Results

Sample Description

Among all of the 1219 participants who used the Internet, 643
(52.75%; health-onliners) searched for health information online
and 576 did not (47.25%; health-offliners; see Table 1). The
health-offliners showed no significant differences from
health-onlinersregarding age and gender, but significantly fewer
health-offliners had high SES (P=.001). Health-onliners rated
their own health status more often as “chronically or severely
ill” (n=142 respondents or 22.1% vs n=103 or 17.8% in
health-onliners), but the difference was not significant (P=.06).
Health-onliners' satisfaction with their GP was dlightly lower
than health-offliners’ (mean 4.02, SD 0.86 vs mean 4.13, SD
0.86, respectively; P=.03). Significant differences between
health-onliners and health-offliners were found for severa
health-related variables, with perceived relevance of
understanding somatic processes (mean 4.34, SD 0.83 vs mean
4.16, SD 0.90; P<.001) and health-consciousness (mean 3.59,
SD 0.71 vs mean 3.34, SD 0.81; P<.001) higher among the
health-onliners. Additionally, health-onliners were more likely
to report being strongly interested in information concerning
health topics (n=297 or 46.2% vsn=164 or 28.5%; P<.001) and
generally used the Internet more often than health-offliners,
with 65.3% versus 50.5% (corresponding to n=420 vs n=291
respondents) reporting using the Internet “daily” (P<.001).
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Table 1. Sample characteristics of health-onliners and health-offliners.

Variable Total sample Hesdlth-onliners  Hedlth-offliners Difference onliners
versus offliners
n=1219 n=643 n=576 F or chi-sguare Degreeof P vaue
Statistics*” freedom
Age
Range 18-79 18-79 18-78
Mean (SD%) 46.02(14.96)  4535(1455)  46.78(15.39) 28102 1 .09
Gender, n (%)
Female 610 (50.04) 338 (52.6) 272 (47.2) 350 1 .06
Male 609 (49.96) 305 (47.4) 304 (52.8)
Socioeconomic status, n (%)
Low 177 (15.86) 79 (13.4) 98 (18.6)
Medium 658 (58.96) 339(57.5) 319 (60.6) 13.1P 2 .001
High 281 (25.18) 172 (29.2) 109 (20.7)
General Internet use, n (%)
At least sometimes per month 189 (15.50) 68 (10.6) 121 (21)
Several times per week 319 (26.17) 155 (24.1) 164 (28.5) 3490 2 <.001
Daily 711 (58.33) 420 (65.3) 291 (50.5)
Patient status, n (%)
Chronically or severely ill 243 (20.05) 141 (22.1) 102 (17.8) 3.4b .06
Mildly or not affected 969 (79.95) 498 (77.9) 471 (82.2) 1
Perceived relevance of understanding 4.25 (0.86) 4.34(0.83) 4.16 (0.90) 13.0122 1 <.001
somatic processesd, mean (SD)
Interest in information concerning
health topics, n (%)
Low or medium 739 (62.15) 336 (53.8) 403 (71.5) 39,50 1 <.001
Strong 450 (37.85) 289 (46.2) 161 (28.5)
Goalsfor HISB®, mean (SD)
Esteem support 0.24 (0.26) 0.24 (0.26) - N/AY
Emotional support 0.06 (0.20) 0.06 (0.20) - N/A
Informational support 0.37(0.23) 0.37(0.23) - N/A
Health-consciousness”, mean (SD) 3.47 (0.77) 359 (0.71) 3.34(0.81) 33.4312 1 <.001
Satisfaction with general practitioner’, 407 (0.86) 4.02 (0.86) 4.13 (0.86) 4.492 1 03

mean (SD)

8F values derived from analysis of variance (ANOVA) for continuous variables.

bChi-square values derived from chi-square test for shares.

SD: standard deviation.

dscale ranges from 1 (“strongly disagree”) to 5 (“strongly agree’).

€HISB: health information-seeking behavior.

fScale ranges from 0 (“no” for al items of the scale) to 1 (“yes” for al items of the scale).

IN/A: not applicable.

hscale ranges from 1 (“Generaly, | don't take care of my health”) to 5 (“Generally, | take good care of my health”).
iScale ranges from 1 (“very unsatisfied”) to 5 (“very satisfied”).

http://www.jmir.org/2017/4/€92/ JMed Internet Res 2017 | vol. 19 | iss. 4 [€92 | p.236
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

RQ1: Using theInternet to Search for Health
I nformation

The results of the logistic regression models are depicted in
Table 2 and the strength of the association between each
predictor variable and the outcome is expressed in form of odds
ratio (OR), which indicates the expected change in the odds to
observe the outcome (ie, to be a heath-onliner) when the
respective predictor changes by one unit. There is no evidence
for amain effect of gender (OR 1.21, 95% CI 0.90-1.61), but
age and SESwere significant predictors of being ahealth-onliner
or heath-offliner. However, a 1-year increase in age was
associated with a decreased OR of being a health-onliner for
women by the factor 0.97 (OR 0.97, 95% CI 0.96-0.99) and in
thetotal sample (OR 0.99, 95% CI 0.98-0.997), but not for men.
In contrast, a high SES was associated with significantly
increased odds of going online for health-related information
only for male respondents (OR 1.97, 95% CI 1.06-3.68) and in
the combined model, that is, the whole sample of male and
female respondents (OR 1.82, 95% CI 1.15-2.88), but not female
respondents.

A higher frequency of general Internet use was associated with
a nearly triple-increase in the odds of being a health-onliner
(OR for “daily” use=2.91, 95% Cl 1.92-4.41), with the slightly
stronger effects for female (OR 3.23, 95% CI 1.86-5.59) than
for male respondents (OR 2.50, 95% CI 1.30-4.78).

Persons who were chronically ill or severely affected by health
problems were significantly more likely to be health-onliners,
but only if they were women (OR 2.12, 95% Cl 1.28-3.53). A
similar relationship was found between perceived relevance of
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understanding somatic processesand HISB, that is, for women,
a one-point increase in the perceived importance of health
literacy was associated with an OR 1.39 (95% Cl 1.09-1.78) of
being a health-onliner, whereas men had only a moderately
heightened OR that did not reach significance. Although both
male and female respondents appeared to be significantly
influenced by having general interest in information on health
topics, thisimpact was much stronger among femal e participants
(ORyomen 2.07, 95% CI 1.36-3.14; OR,, 1.70, 95% CI

1.09-2.63, respectively).

Degree of health-consciousness was associ ated with significantly
increased OR for men (OR 1.46, 95% CI 1.10-1.94) and for the
combined model (OR 1.33, 95% CI 1.10-1.61), but not for
women alone. Higher satisfaction with one’'s GP had a negative
effect on the odds that men would seek health information
online, that is, be health-onliners (OR 0.73, 95% CI 0.57-0.92).

The Hosmer-L emeshow test inform on the proper classification
of all casesincluded and givesachi-sgquare value of 11.5 (df=8;
P=.17) for the total subsample. Both P values for the
gender-specific models are also nonsignificant, what confirms
no maor differences between predicted and observed
classification of cases[69]. Consistently, the overall model-fit
isquite well, asindicated by the goodness of fit test comparing
each full model with the empty model and yielding significant
resultsin all three cases. The explained variance also indicated
the existence of gender differences. Comparing men and women,
the logit model better fits the data of female respondents:
whereas Nagelkerke R2 increased to 19.2% for women, it could
only explain 13.7% of outcome variance (ie, whether the
respondent was a health-onliner) for male respondents.
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Table 2. Results of the logistic regression models predicting online health information-seeking behavior.

Determinants Total (n=950)2 Male (n=463) Female (n=487)
ORP (95% Cl) P OR (95% CI) P OR (95% ClI) P

Age 0.99 (0.98-1.00) .01 0.99 (0.98-1.01) 46 0.97 (0.96-0.99) .002
Gender 1.21 (0.90-1.61) 21 c - -
(Ref: male)
Socioeconomic status .01 .02 57
(Ref: low)

Medium 1.13(0.77-1.66) 54 1.07 (0.62-1.86) .80 1.16 (0.67-2.01) .59

High 1.82(1.15-2.88) .01 1.97 (1.06-3.68) .03 1.46 (0.72-2.93) .29
General Internet use <.001 .005 <.001
(Ref: at least sometimes per month)

Several times per week 1.57 (1.02-2.41) .04 1.46 (0.72-2.94) .29 1.70 (0.99-2.94) .06

Daily 2.91 (1.92-4.41) <.001 2.50 (1.30-4.78) .006 3.23(1.86-5.59) <.001
Patient status: chronically or severely ill 1.56 (1.11-2.19) .01 1.22 (0.76-1.95) 42 212 (1.28-3.53) .004
(Ref: mildly or not affected)
Perceived relevance of understanding somatic  1.27 (1.08-1.50) .005 1.22(0.97-1.53) .10 1.39 (1.09-1.78) .008
proc&ss&sd
Strongly interested ininformation concerning  1.89 (1.40-2.54) <.001 1.70 (1.09-2.63) .02 2.07 (1.36-3.14) .001
health topics
(Ref: wesakly or not interested)
Health-consciousness® 1.33(1.10-1.61) .004 1.46 (1.10-1.94) .008 1.24 (0.95-1.62) A1
Satisfaction with general practitionerf 0.82 (0.70-0.96) .02 0.73 (0.57-0.92) .008 0.91 (0.72-1.14) 40
Constant 031 .000 0.35 .006 0.35 .002
Hosmer-Lemeshow test (chi-square, df; P) 115, 8; .17 12.2,8; .14 47,8;.79
Goodness of fit9 (chi-square, df; P) 116.3, 11; <.001 50.2, 10; <.001 75.5, 10; <.001
Nagelkerke R2 154 137 192

#The difference between the number of total cases included in the descriptive section and in the logit models is due to the listwise exclusion of missing

Cases.
POR: odds ratio.

®The dash indicates the absence of the variable “gender” in both gender-specific models.

dq (“strongly disagree”) to 5 (“strongly agree”).

€1 (Generally, | don't take care of my health” to 5 (“Generally, | take good care of my health”).

f1 (“very unsatisfied”) to 5 (“very satisfied”).
9 (-2 Log L compared with -2 Log L of the empty model).

RQ2: Frequency of OnlineHealth Infor mation-Seeking
Behavior (OHISB)

The results of the zero-truncated negative binomial regression
models are shown asincidencerateratio (IRR) in Table 3. The
name of the measure has changed to IRR, because the outcome
now reflects the number of incidences (Internet access events
with the purpose to conduct OHISB) observed in the last year,
but the interpretation remains analog to OR, as pointed out
above. Focusing only on health-onliners, SES turned out not to
be a relevant predictor for higher frequencies of information
seeking. Analogous to the results for access to online health
information (see Table 2), increasing age was a so significantly
associated with women’'s OHISB frequency (IRR 0.99, 95% Cl

http://www.jmir.org/2017/4/e92/

0.975-0.996). Since the effect on this outcomeismultiplicative,
a 1-year increase thus leads to a predicted OHISB frequency,
which is decreased by afactor of 0.99. There was no influence
of gender on the frequency of OHISB for thetotal sample (IRR
1.00, 95% CI 0.99-1.01), but differences were again found in
the patterns of influences on women versus men.

Although the effects of higher frequencies of general Internet
use are similar in size and P valuesin the combined model, the
gender-specific models revea ed differences between men and
women: whereas daily use of general Internet was only
associated with a significant increase in OHISB freguency in
males (IRR 2.49, 95% CI 1.43-4.35), using the Internet “ several
times per week” was significant only for female respondents
(IRR 1.54, 95% CI 1.01-2.35).
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Being a patient with a chronic or severe disease was a positive
predictor of OHISB frequency (IRR 1.57, 95% CI 1.26-1.95)
regardless of gender, as the estimated IRRs do not differ
substantially between men and women. Respondents who
reported being strongly interested in information concerning
health topics were much more likely to seek out information
online more frequently (IRR 1.45, 95% CI 1.19-1.77), and
gender played a much weaker role than health status.

Self-reported health-consciousnessin the zero-truncated negative
binomial regression model swas—as compared with thefindings
from the logit models predicting the utilization of the Internet
for health information purposes—not associated with significant
effects. In contrast, perceived relevance of understanding
somatic processes had the opposite effect on OHISB frequency
of that predicted by the logit models: In the zero-truncated
negative binomial regression models, belief in health literacy

Baumann et al

became a significant negative predictor, but for men only (IRR
0.81, 95% CI 0.68-0.96). Satisfaction with one’s GP changed
from being a significant factor only for males to being a
significant factor only for females, the latter now with a strong
negative effect (IRR 0.75, 95% CI 0.65-0.88), whereas men's
frequency of OHISB seemsto be statistically unrelated to their
degree of satisfaction.

Some of the three sum indices representing different goals of
OHISB showed strong explanatory potential: whereas esteem
support seems to be an important motivational factor only for
women (IRR 2.22, 95% Cl 1.30-3.79), informational support
was associated with a quadrupled OHISB frequency per point
for women (IRR 4.03, 95% CI 2.17-7.49), and with a dightly
weaker effect for men (IRR 2.56, 95% CI 1.34-4.90). The goal
of emational support had no influence on respondents’ OHISB

frequency.

Table 3. Results of the zero-truncated negative binomial regression models on the frequency of online health information-seeking behavior (OHISB).

Determinants Total (n=510)2 Male (n=241) Female (n=269)
IRRP (95% CI) P IRR (95% Cl) P IRR (95% Cl) P
Age 0.99 (0.982-0.998) .01 1.00 (0.99-1.01) 58  0.99(0.975-099) 00
Gender (Ref: male) 0.99 (0.82-1.22) .99 c - - -
Socioeconomic status (Ref: low)
Medium 1.06 (0.79-1.41) 71 1.01 (0.66-1.55) .97 0.93 (0.63-1.36) .70
High 1.25(0.91-1.73) 17 1.14(0.72-1.79) 57  1.14(0.72-1.81) 56
General Internet use (Ref: at least sometimes
per month)
Several times per week 1.60 (1.12-2.27) .009 1.72 (0.94-3.16) 08  154(1.01-2.35) 04
Daily 1.67(1.19-2.33) .003 2.49 (1.43-4.35) 001  1.28(0.84-1.96) 25
Patient status: chronically or severely ill (Ref: 1.57 (1.26-1.95) <.001 1.67 (1.22-2.29) .001  1.43(1.07-1.91) .02
mildly or not affected)
Perceived relevance of understanding somatic 0.90 (0.80-1.01) .06 0.81 (0.68-0.96) .02 0.96 (0.82-1.13) .65
processes”
Strongly interested in information concerning 1.45 (1.19-1.77) <.001 1.46 (1.09-1.97) .01 1.42 (1.10-1.83) .01
health topics (Ref: weekly or not interested)
Goals of OHISB®
Esteem support 1.91 (1.28-2.83) .001 1.49 (0.82-2.72) 19 222(1.30-3.79) o
Emotional support 0.90 (0.57-1.43) 65 1.13 (0.53-2.40) 75  0.83(0.46-1.49) 52
Informational support 3.12(1.97-4.96) <.001 2.56 (1.34-4.90) .004  4.03(2.17-7.49) <
Health-consci ousness 110(097-126) .14 1.70 (0.89-1.29) 49 108 (0.91-1.30) 38
Satisfaction with general practitioner? 0.86(0.77-0.96) .07 1.09 (0.93-1.28) 29 0.75(0.65-0.89) Sul
Constant 0.47 .04 0.32 .36 0.65 .01

#The difference between the total number of cases included in the descriptive section and in the models depicted in this table is due to the listwise

exclusion of missing cases.
BIRR: incidence rate ratio.

®The - indicates the absence of the variable “gender” in both gender-specific models

dFrom 1 (“strongly disagree”) to 5 (“strongly agree’).
COHISB: online health information-seeking behavior.

From 1 (“Generdly, | don't take care of my health”) to 5 (“Generdly, | take good care of my health”).

9From 1 (“very unsatisfied”) to 5 (“very satisfied”).
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RQ3: Topicsand Sources of Online Health
I nfor mation-Seeking Behavior (OHISB)

Figure 1 illustrates which health topics women and men are
interested in and which online sources they use when they search
for health information. Diseases and health care are of
particularly interest for about 79.7% of the health-onliners
(n=510 of 640 respondents), health and wellbeing are aso
relevant topics for both women and men. The Internet seems
to serve as a source of specific information that is sought
primarily using search engines and online dictionaries.

Online media offering the opportunity to shareinformation and
to interact with others, specifically, online health communities
and socia networking sites are not yet established as a means

Baumann et al

of OHISB in the broad public, with an overall usage of 17.0%
and 9.7% (corresponding to 109/640 and 62/640 respondents),
respectively. In some cases, we can detect significant differences
in issue- and channel-related preferences between women and
men, that is, in general, men focus more on topics concerning
health care policy and systems (66.4%, 202/304 malesvs 53.0%,
178/336 females, P=.001), and visit the websites of health
insurance companies (53.6%, 163/304 malesvs 39.6%, 133/336
females; P<.001) and noncommercial health organizations
(12.2%, 37/304 men vs 6.0%, 20/336 women; P=.006) more
frequently than women do. Women reported significantly more
usage of websites or portalsfor health content (44.6%, 150/336
femal e respondents vs 28.9%, 88/304 males; P<.001).

Figure 1. Gender differencesin online health information-seeking behavior (OHISB) concerning topics and sources of online communication. NHOs:

Noncommercial health organizations (total n=640).

B Women Men

0%

100%

Disease and Health Care

Health Care Policy and System**
""""""""""" et ot el g S—
Online Dictionaries and Encyclopedias
Websites/Portals for Health Content®**
Websites of Health Insurance Companies®**

Online Communities Offering Advice

Websites of Physicians and Hospitals

. |
Online Pharmacies
e | ———
Health Forums and Communities
Social Network Sites (eg, Facebook) —
* p«.05
Websites for Searching and Rating Healthcare * — ** p<.0l
FEE P2 ,001
|

Websites of NHOs**

Search Entry always via Search Engine®*

Discussion

Principal Findings

Despite the fact that men and women reported equal access to
online health information, our dataindicate that OHISB should
be explained using gender-specific models, to account for
several significant gender differences among health-onliners.
Dissatisfaction with primary care seems to more often trigger
women to seek patient esteem support through online health
information seeking; OHISB might therefore serve a
compensatory function. These and additional
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results—particularly regarding gender differences, implications,
and methodical limitations—are discussed and compared with
international data

Our results indicate that SES and age remain relevant barriers
to general accessto health information on the Internet, but only
for specific genders. We found increasing age to be significantly
associated with both access to and frequency of OHISB for
women only, thus enhancing understanding of the
gender-specificity of the well-established negative correlation
between age and OHISB [7]. In contrast, we found high SES
to be associated with increased odds of conducting OHISB
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among male respondents only; among females, SES had no
significant effects on neither the use nor frequency of searching.
This finding is partly consistent with former studies: whereas
some researchers have reported no significant effect of higher
educational levelson the frequency of OHISB [15], othersfound
strong associations between both respondents income and
educational level on the likelihood of using the Internet to find
out more about a medical condition [9].

Higher frequencies of general Internet use revealed to be
consistently associated with more frequent OHISB [49]. We
found a stronger effect of daily Internet use on the frequency
of OHISB for men, whereaswomen’s OHISB seemsto be only
dightly influenced by their general Internet use. This specific
association lacks direct comparability to former results, although
Renahy and colleagues [15] found a positive effect of more
frequent Internet use on the frequency of OHISB, with no gender
differences.

The effect of being severely or chronically ill affected OHISB
differently for different groups. Only severely ill women, not
men, were significantly more likely to be health-onliners,
consistent with findings from a French study [15]. In contrast,
the impact of patient status on the frequency of OHISB was
dlightly stronger for male respondents. We tentatively interpret
these differences as supporting the 2-step data analysis strategy
we chose. These results offer new insightsinto the relationship
between patient status and OHI SB when compared with existing
nongender-differentiated findings [48,49].

The association between OHISB and related online activities
and interests (eg, buying drugs and other health-related products
online) that indicate ahigh level of interest in health information
is neither surprising nor new, as this has been reported in both
an analysis of cross-sectional data from 7 European countries
[3] aswell asin US data[49]. However, little evidence has been
produced to date on the influence of perceived relevance of
understanding somatic processes on OHISB. To our knowledge,
only one study hasinvestigated asimilar variable: Bidmon and
Terlutter [24] found that women reported a dlightly higher
personal disposition of being well-informed as a patient than
men, but the difference was not significant and the association
with details of OHISB was not explicitly assessed. Even less
comparable evidence exists concerning health-consciousness
asapredictor of OHISB. Thismeansthat our findingsindicating
that health-consciousness has a significant influence on male
utilization of OHISB only may act as a benchmark for future
studies.

We found that whereas women are inclined to engage in more
frequent OHISB in light of their goals reflecting needs for
esteem support and informational support, mentend to bedriven
more by purely informational motives. Thisis consistent with
another recent finding that women were more likely than men
to conduct OHISB for social motives and enjoyment [24].
Comparing the results on our two outcomes of access to and
frequency of online health information seeking, theintroduction
of these indices may have absorbed some explanatory power
from health-consciousness.

Our results further indicate that using the Internet can serve a
compensatory function, but in different ways for women and
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men. Whereas a lower satisfaction with one’'s GP motivates
men to turn to the Internet for health-related purposes (raw
usage, independent of the frequency), alower satisfaction with
one's GP is associated with an increased frequency of OHISB
reported by women. These findings are in line with another
study reporting that dissatisfied cancer patients seek health
information from sources other than their physicians[70], and
with a study that found that women engaged in more frequent
OHISB when they suspected that their GP was not telling them
everything about their health, or when they reported a general
preference to wait before going to see a physician [15].

Our findings regarding sources employed for OHISB are partly
consistent with a similar study: Females from our sample
reported using health content-related websites significantly
more often than males, which may reflect the stronger social
supportive patterns detected among women [24]. The majority
of respondents (n=374 respondents or 59.0%) reported always
using asearch enginewhen conducting OHISB; thisis consistent
with afinding from the United States, in which an even higher
proportion of respondents (77%) reported following this strategy
[9]. These large proportions indicate that the primary purpose
of OHISB isto receive quick and easy access to online health
information. Moreover, OHISB reflects a need—especially
among men—for health information that is clearly explained
and tailored to their specific needs.

Limitations

The first limitation is that the cross-sectional data used in our
analysis do not allow for any causal attributions, even in cases
that seem straightforward, such as the effects of age or health
status on OHISB.

The second limitation is that outcome operationalization was
somewhat explorative, asawell-established, validated scalefor
assessing accessto and frequency of OHISB does not yet exist.
Development of a validated measure to assess OHISB is the
central precondition of conducting internationally comparable
research on this behavior. Such a measure would aso
complement thevalid and reliable measurefor assessing eHealth
literacy (ie, the ability to seek, find, understand, and appraise
health information from electronic sources and apply it to
addressing or solving a health problem) that has aready been
developed [71]. As this inquiry used data from a large-scale
representative survey conducted regularly, our results are
affected by the typical constraints of a secondary analysis of
data that were not primarily collected for the analyzed
purposes—thelack of ameasurefor eHealth literacy [71] isone
obviousdrawback. Other important characteristics—particularly
health status—were measured using one-item self-reports, which
offers only a superficial assessment. This criticism can aso be
applied to other measures of health-related online activitiesand
online usage behavior, as self-reports of online activities often
diverge from real behavior [72]. The validity of these findings
should be enhanced in future studies by complementarily using
objective measures of health-related online activities.

Further limitationsinclude, third, that no differentiation is made
between people who are searching for information for
themselves and those who are searching for others (“surrogate
seekers’). Finally, we only used abinary categorization of men
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and women, which does not cover all facets of such acomplex
construct [73]. Our results might have also been influenced by
individuals gender-role orientation [74]. It might be the case,
that women and men only searching for health information both
scored rather high on femininity and therefore were more similar
than people not seeking for health information. In addition,
gender-roles orientations arising from differing social and
cultural environments might differentialy influence OHISB.
Further research should therefore include measures of gender
orientation such as the Bem Sex-Role Inventory [75] and
samples more diversein cultural background.

Conclusions

Our results provide promising and innovative insights into
OHISB and indicate that a deeper understanding of OHISB
requires differentiating between access to online health
information (ie, differentiating between health-onliners and
health-offliners) and the frequency of OHISB. This deeper
understanding would be particularly valuable for the analysis
of what are often subtle gender-based differences. Furthermore,
sociodemographic, health-related, and motivationa determinants
of OHISB should be taken into account when explaining such
complex behavior. This recommendation also applies to the
associations between skills-related (ie, eHealth literacy) and
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behavior-related (OHISB) concepts, whose interrel ations have
yet to be analyzed sufficiently [76].

Overall, athough users indicate that the Internet is capable of
providing avaluable source of informational support and esteem
support,  gender-specific, user-oriented sources and
empowerment-strategies should be developed to increase the
benefits of OHISB. This may include enlisting the support of
health care providersto supply patientswith health information
sources that offer evidence-based, transparent, and credible
information. To close the gap in OHISB due to age and SES,
such resources might, for example, reduce the complexity of
the language and enhance the understandability of the health
information offered. Gender-specific determinantsand patterns
in information-seeking behavior should also be taken into
account in theories of health information seeking and in the
provision of online health information by offering information
in accordance with male and femal e preferencesregarding goals,
sources, and topics. For example, men’stechnical affinity might
be used as a pathway in health communication to raise their
interest in health content about diseases and well-being [77],
whereas women'’s need for emotional support might be met
with communication in online communities via social network
sites[20].
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Abstract

Background: Chronic conditionsare anincreasing challenge for individuals and the health care system. Smartphones and health
apps are potentially promising tools to change health-related behaviors and manage chronic conditions.

Objective: Theaim of this study wasto explore (1) the extent of smartphone and health app use, (2) sociodemographic, medical,
and behavioral correlates of smartphone and health app use, and (3) associations of the use of apps and app characteristics with
actual health behaviors.

Methods: A population-based survey (N=4144) among Germans, aged 35 years and older, was conducted. Sociodemographics,
presence of chronic conditions, health behaviors, quality of life, and health literacy, aswell asthe use of the Internet, smartphone,
and health apps were assessed by questionnaire at home visit. Binary logistic regression models were applied.

Results: It wasfound that 61.25% (2538/4144) of participants used a smartphone. Compared with nonusers, smartphone users
were younger, did more research on the Internet, were more likely to work full-time and more likely to have a university degree,
engaged more in physical activity, and less in low fat diet, and had a higher health-related quality of life and health literacy.
Among smartphone users, 20.53% (521/2538) used health apps. App userswere younger, lesslikely to be native German speakers,
did more research on the Internet, were more likely to report chronic conditions, engaged more in physical activity, and low fat
diet, and were more hedlth literate compared with nonusers who had a smartphone. Health apps focused on smoking cessation
(232/521, 44.5%), healthy diet (201/521, 38.6%), and weight loss (121/521, 23.2%). The most common app characteristics were
planning (264/521, 50.7%), reminding (188/521, 36.1%), prompting motivation (179/521 34.4%), and the provision of information
(175/521, 33.6%). Significant associations were found between planning and the health behavior physical activity, between
feedback or monitoring and physical activity, and between feedback or monitoring and adherence to doctor’s advice.

Conclusions:  Although there were many smartphone and health app users, a substantial proportion of the population was not
engaged. Findings suggest age-rel ated, socioeconomic-related, literacy-related, and health-related disparitiesin the use of mobile
technol ogies. Health app use may reflect auser’s motivation to change or maintain health behaviors. App devel opers and researchers
should take account of the needs of older people, people with low health literacy, and chronic conditions.

(J Med Internet Res 2017;19(4):€101) doi:10.2196/jmir.6838
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telemedicine; eHealth; mHealth; smartphone; maobile apps; health promotion; chronic disease; health literacy; quality of life
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Introduction

Moaobile Health Apps

Anincreasing number of people take advantage of smartphones
for health issues. Mobile health apps have risen in popularity,
providing new opportunitiesto change health-related behaviors
and to manage chronic conditions [1]. Typical heath apps
provide immediate access to health information, medication
reminders, or help track progress in physical exercise regime.
However, the factors related with smartphone and health app
use are not yet fully understood. This study investigated the
associations between demographic and health-related factors,
common chronic conditions, and health behaviors with
smartphone and health app use.

Research has shown associations between (1) health app use
and behavior, and (2) app use and management of chronic
conditions [2-6]. Krebs and Duncan [7] examined the health
app use among mobile phone usersin the United States. Their
findings suggest an association between health app use and
sociodemographic factors; that is, app users were younger, had
a higher income, were better educated, were more likely to be
Hispanic, and had a higher body mass index (BMI). A
systematic review of mobile health interventions based primarily
on randomized controlled trials by Riley et a [2], who
investigated the effectiveness and theoretical background of
mobile interventions such as apps for smartphones or tablets.
Results demonstrated that intervention participants were more
successful in changing a variety of heath behaviors and
behavior-related outcomes, including physical activity, smoking
cessation, healthy diet, weight loss, medication adherence,
improvement of blood pressure control, and improvement of
blood sugar control [2].

Factors Related to the Use of Health Apps

In a cross-sectional survey, Cho et al [8] examined factors
related to the use of health apps and found a significant
correlation between app use and health consciousness as well
as an indirect link between health literacy and health-app use
efficacy on health app use. Bailey et a [9] found widespread
age and health literacy-related disparitiesin technology access,
with older and less literate individuals being less likely to own
smartphones and use the Internet, especially for health reasons.
In a recent longitudinal survey, Levine et al [10] found that
ol der people (mean age 75 years) used digital health at low rates
but there were modest increases from 2011 to 2014. Despite a
growing body of research on health apps, there is till alack of
evidence concerning the associations of sociodemographic,
medical, and behavioral factors such as health-related quality
of life, heath behaviors, Internet use, multiple chronic
conditions, and health app use.

Health App Characteristics

Inaddition to individual factors, health app characteristics such
asmonitoring progressor reminding may berelated to the actual
health behavior of the users. Findings from a systematic review
that analyzed characteristics of Internet-based interventions
revealed that theory-based approaches were associated with
increases in effect sizes [11]. In a recent content analysis,
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Morrissey et a [12] examined the extent to which certain
established behavior change techniques were used in apps
designed to promote medication adherence. They found arange
from O to 7 behavior change techniques implemented in these
apps. Planning, prompts or cues, monitoring, and feedback on
behavior were included most frequently.

Aimsof the Study

The aims of this study wereto (1) investigate the prevalence of
smartphone and health app use, (2) identify sociodemographic,
medical, and behavioral correlates of smartphone and health
app use, and (3) explore the correlations between behaviors
targeted by the apps and actual health behavior, and health app
characteristics and actua health behavior.

Methods

Sample and Procedure

A population-based sample of 4144 individuals from Germany
participated in this cross-sectional survey. Data were collected
in July 2015. An external agency was authorized to run the
study. The agency employed interviewersto recruit participants
on their own responsibility. To enhance the representativeness
of the study, interviewers got specification concerning the
composition of the sample, that is, the sample was stratified for
sex, age, German federal state, and education to increase
representativeness. Participants had to meet the following
inclusion criteria: (1) German resident, (2) sufficient German
language skills, (3) aged 35 years and older. There were no
exclusion criteria. After afirst contact, appointments for home
visitswere made with aresponserate of 55%. Computer-assisted
personal interviews (CAPI) were conducted by external, trained
interviewers at homevisits. Of theinterviewed individuals, 7%
refused to finish the survey and their data were subsequently
deleted. The mean time participants need to finish the survey
was 29 min. This study was conducted in compliance with the
Declaration of Helsinki; written informed consent was obtained
from participants [13].

M easures

Sociodemographics

Sex, age, height, weight, education (International Standard
Classification of Education, ISCED) [14], occupation, income,
and first language were assessed by standard survey items.
Post-tax household income by month was categorized: low
<€2100; moderate €2100-3600; high >€3600 (1 Euro=1.1 US
dollar [October 6, 2016]).

Chronic Conditions

Chronic conditions were assessed by asking participants: “Do
you suffer from one or more of the following chronic conditions:
(1) cardiovascular disease, (2) cancer, (3) respiratory diseases,
(4) diseases of the muscul oskeletal system, (5) major depression,
(6) chronic pain, (7) diabetes, (8) hypertension, and (9) other
chronic condition.” Furthermore, BMI was cal culated by using
self-reported weight and height (BMI=weight (in kg)/height (in
sgquared meter). A BMI of 30 or above was considered obese,
in accordance with the World Health Organization (WHO)
definition [15]. Chronic conditions were summed up to the
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variable multiple chronic conditions ranging from “none,” “ one,”
“two,” to “three or more.”

Health Behaviors

Health behaviors were assessed by providing alist of common
health-related behaviors (ie, smoking, physical activity, balanced
diet, low fat diet, and adherence to doctor’sadvice). Theseitems
were derived from the German Aging Survey (2013) and were
adjusted for our survey. Adherenceto doctor’s advice wastaken
from the 16-item short-form of the European Health Literacy
Survey Questionnaire (HLS-EU-Q) instrument [16]. For
smoking, participants were asked: “Do you smoke on a daily
basis?’ To assess physical activity, participants were asked:
“Are you regularly physically active (following WHO
recommendation, ie, 30 min of moderate activity at least 5 times
per week or 30 min of intensive activity at least 3 times per
week [17])?" Balanced diet was measured by asking
participants: “Do you follow a balanced diet, that is, eat fruits
and vegetableswith every meal and including many wholegrain
products?’ Low fat diet was assessed by asking participants:
“Do you follow a low fat diet, that is, eat few animal fats,
peanuts, potato chips, and convenience food?' Adherence to
doctor’s advice was assessed by asking participants. “On ascale
from very easy to very difficult, how easy would you say it is
to follow physician's and pharmacist’'s instructions?’ The
answer had a 4-point response format on a Likert scale. The
answers “very easy” and “easy” were defined as adherence
(coded 1=present) and the answers “difficult” and “very
difficult” were defined as problematic adherence (coded
O=absent).

Health-Related Quality of Life and Perceived Health
Literacy

Health-related quality of life was assessed by the European
Health Interview Survey-Quality of Life (EUROHIS-QOL)
8-item index [18] with a Cronbach alphaof .90 in thisanalysis.
Example itemsincluded: “How would you rate your quality of
life?’” and “How satisfied are you with your health?” All answers
were given on a 5-point Likert scale. Health literacy was
assessed by the 16-item short-form of the HL S-EU-Q instrument
with a Cronbach alphaof .87 and arange from 0 to 50 indicating
the perceived capability of anindividual to acquire, understand,
and act on health information [19]. An example item was: “On
a scale from very easy to very difficult, how easy would you
say it is to find information on treatments of illnesses that
concern you?' Answers had a 4-point response format on a
Likert scale.

Internet Use

Internet use was assessed by asking participants: “Do you use
the Internet for obtaining information about health conditions
or other health-related issues?’ (coded as 1=present, O=absent).

Smartphone and App Use

Smartphone use was assessed by asking participants: “Do you
own asmartphone, that is, an Internet-compatible cell phone?’
(coded 1=present, O=absent).

Health app use and behaviors targeted by the apps were
measured by asking participants: “Think about the last 12
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months. Did you use smartphone apps to improve one of the
following behaviors?. (1) to quit smoking, (2) to be regularly
physically active, (3) to maintain a healthy diet, (4) to reduce
weight, (5) to take medications regularly, (6) to improve blood
pressure control, (7) to improve blood sugar control, and (8) |
do not use smartphone apps to improve behaviors.” The health
behaviors and behavior-related outcomes targeted by the apps
were based on findings from a systematic review of health apps
[2]. People who chose one or more of these behaviors were
classified as health app users (coded 1=present) and people who
chose “1 do not use smartphone apps to improve behaviors’
were classified as nonusers (coded O=absent). Behaviors
targeted by the apps were coded 1=present, O=absent. There
was no option to name alternative behaviors targeted by the

apps.

App characteristics were assessed by asking participants: “Did
the health apps you used contain one of the following
characteristics: (1) provision of information on the target
behavior, (2) motivational messages, (3) goal setting and action
planning, (4) reminder, (5) information on the current status
and individual progress, and (6) | do not use any of these app
characteristics” App characteristicswere chosen in accordance
to the behavior change technique taxonomy by Abraham and
Michie[20], that is, providing information, planning, reminding,
providing feedback or monitoring. Furthermore, the additional
app characteristic prompting motivation was derived from a
systematic review of mobile health interventions conducted by
Riley et al [2]. It refers to the mobile intervention messages
containing motivational support reviewed by Riley and
encompasses the behavior change techniques such as the
provision of general encouragement or provision of contingent
rewards as outlined by Abraham. Participants were asked to
choose one or more of the characteristics, coded 1=present and
O=absent. There was no option to name alternative app
characteristics.

Statistical Analyses

We analyzed the entire sample as well as specific subgroups.
Beyond smartphone users and nonusers, we compared health
app usersand non-health app users among the smartphone users.
Binary logistic regressions with smartphone use (n=4144) and
health app use (n=2538; subsample of smartphone users) as
outcomes were conducted. Covariates were sex, age, humber
of chronic conditions, perceived health literacy, health-related
quality of life, and Internet use. Other covariateswere the health
behaviors smoking, physical activity, balanced diet, and low
fat diet.

Furthermore, we explored correlations between behaviors
targeted by the apps and app characteristics with reported
behavior by applying binary logistic regression models. Weran
separate analyses for each behavior, such as for smoking,
physical activity, balanced diet, low fat diet, and adherence to
doctor’sadvice. Health behaviorsand behavior-related outcomes
targeted by the apps were regular physical activity, smoking
cessation, healthy diet, weight loss, medication adherence,
improving blood pressure control, and improving blood sugar
control. App characteristics comprised providing information,
prompting motivation, planning, reminding, and feedback or
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monitoring. Sex, age, behaviors targeted by the apps, and app
characteristics were included as covariates into the analyses.

Additionally, we applied Hochberg’s multistep procedure which
isadightly lessrestrictive alternative to the Bonferroni approach
to correct for multiplicity (Hochberg [21]; for adiscussion, see
Streiner [22]).

Results

Char acterization of the Sample

A total of 4144 individuals completed the population-based
nationwide survey (see Table 1). The mean age was 57 years
(SD 13.5) and 50.96% (2112/4144) were women. It was found
that 68.97% (2858/4144) had avocational qualification, 18.15%
(752/4144) had a university degree, and 12.89% (534/4144)
had no or basic quaification. Most participants were working
full-time (2224/4144, 53.67%) and had a medium household
income (1930/4144, 46.57%).

http://www.jmir.org/2017/4/e101/
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The majority of the sample (2231/4144, 53.84%) reported no
chronic conditions, whereas 30.84% (1278/4144) reported
having one, 11.25% (466/4144) two, and 4.08% (169/4144)
three or more chronic conditions. The most common chronic
conditions were hypertension (763/4144, 18.41%),
musculoskeletal  conditions  (385/4144, 9.29%), and
cardiovascul ar diseases (376/4144, 9.07%). The mean BMI was
24.9 (SD 3.5) and 6.49% (269/4144) of the participants were
classified as obese (BM1=30).

In total, 87.02% (3606/4144) of participants reported adhering
to doctor’s advice, 60.85% (2522/4144) were on a balanced
diet, and 48.82% (2023/4144) were on a low fat diet.
Furthermore, 38.95% (1614/4144) engaged in physical activity
on a regular basis, and 28.50% (1181/4144) smoked daily.
Average health-related quality of life was 3.9 out of 5 (SD 0.6)
and mean health literacy was 33.5 out of 50 (SD 7.4).

Themajority of the sample (2538/4144, 61.25%) reported using
asmartphone and 20.53% (521/2538) of smartphone usersalso
reported using health apps.
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Table 1. Sample characteristics by smartphone and health app use.

Item Total sample Total sample Smartphone users

No Smartphone® use Smartphone use No health appuse Health app use

100.00% 38.75% (1606/4144)  61.25%(2538/4144) 79.47% 20.53%
(4144/4144) (2017/2538) (521/2538)
N=4144 n=1606 n=2538 n=2017 n=521
Female (vsmale), n (%) 2112 (50.97) 859 (53.49) 1253 (49.37) 984 (48.79) 269 (51.6)
Agein years (SDP) 57 (14) 68 (11) 50 (10) 51 (10) 47.9 (10)
Educational level (ISCED®), n (%)
No or basic qualification 534 (12.89) 229 (14.26) 305 (12.02) 244 (12.10) 61 (11.7)
Vocational qualification 2858 (68.97) 1144 (71.23) 1714 (67.53) 1373 (68.07) 341 (65.5)
University degree 752 (18.15) 233 (16.06) 519 (20.45) 400 (19.83) 119 (22.8)
Occupational status, n (%)
Working full-time 2224 (53.67) 309 (19.24) 1915 (75.45) 1503 (74.52) 412 (79.1)
Working part-time 434 (10.47) 135 (8.41) 299 (11.78) 245 (12.17) 54 (10.4)
Not working 198 (4.78) 81 (5.04) 117 (4.61) 92 (4.56) 25(4.8)
Retired 1287 (31.06) 1081 (67.31) 206 (8.12) 177 (9) 29 (5.6)
In school 1(0.02) 0(0.00) 1(0.04) 0(0.00) 1(0.20

Monthly post-tax household income® ,n (%)

Low 1342(32.38) 801 (49.88) 541 (21.32) 423 (20.97) 118 (22.6)

Medium 1930 (46.57) 523 (32.57) 1407 (55.44) 1125 (55.78) 282 (54.1)

High 290 (7.00) 40 (2.49) 250 (9.85) 201 (9.97) 49 (9.4)

No answer 582 (14.04) 242 (15.07) 340 (13.40) 268 (13.29) 72 (13.8)
First language, n (%)

German 3773(91.05) 1499 (93.34) 2274 (89.60) 1826 (90.53) 448 (86.0)

Other 371(8.95) 107 (6.66) 264 (10.40) 191 (9.47) 73 (14.0)

Chronic conditions, n (%)

Cardiovascular disease 376 (9.07) 275 (17.12) 101 (3.98) 81 (4.02) 20 (3.8)
Cancer 79 (1.91) 49 (3.05) 30(1.18) 24 (1.19) 6(L2)
Respiratory diseases 232 (5.60) 117 (7.29) 115 (4.53) 94 (4.66) 21 (4.0
Musculoskeletal system conditions 385 (9.29) 277 (17.25) 108 (4.26) 84 (4.16) 24 (4.6)
Depression 128 (3.09) 43 (2.68) 85 (3.35) 62 (3.07) 23 (4.4)
Chronic pain 310 (7.48) 180 (11.21) 130 (5.12) 103 (5.11) 27(5.2)
Diabetes 361 (8.71) 201 (12.52) 160 (6.30) 117 (5.80) 43(8.3)
Hypertension 763 (18.41) 416 (25.90) 347 (13.67) 266 (13.19) 81 (15.5)
Obesity 269 (6.49) 115 (7.16) 154 (6.07) 111 (5.50) 43(8.3)

Multiple chronic conditions, n (%)

None 2231 (53.84)  553(34.43) 1577 (62.14) 1270 (62.96) 307 (58.9)
One 1278(30.84) 599 (37.30) 684 (26.95) 546 (27.07) 138 (26.5)
Two 466 (11.25) 300 (18.68) 213(8.39) 153 (7.59) 60 (11.5)
Three or more 169 (4.08) 154 (9.59) 64 (2.52) 48 (2.38) 16 (3.1)
Health behaviors, n (%)
Smoking 1181 (2850) 364 (22.67) 817 (32.19) 658 (32.62) 159 (30.5)
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Item Total sample Total sample Smartphone users
No Smartphone? use Smartphone use No health appuse Health app use
100.00% 38.75% (1606/4144)  61.25% (2538/4144) 79.47% 20.53%
(4144/4144) (2017/2538) (521/2538)
N=4144 n=1606 n=2538 n=2017 n=521
Physical activity 1614 (38.95) 468 (29.14) 1146 (45.15) 863 (42.79) 283 (54.3)
Balanced diet 2522 (60.86) 992 (61.77) 1530 (60.28) 1189 (58.95) 341 (65.5)
Low fat diet 2023 (48.82) 846 (52.68) 1177 (46.38) 895 (44.37) 282 (54.1)
Adherence to doctor’s advice 3606 (87.01)  1338(83.31) 2268 (89.36) 1803 (89.39) 465 (89.3)
BMI® (SD) 24.9 (3.5) 25.1(3.7) 24.9 (3.5) 24.8(3.3) 25.0(3.9)
Health-related quality of life (SD) 3.9(0.6) 3.8(0.6) 4.1(0.6) 4.1(0.6) 4.0 (0.6)
Health literacy (SD) 33.5(7.4) 33.1(7.8) 33.0(6.7) 34.9(6.7) 35.7(6.8)
Behaviorstargeted by the apps, n (%)
Smoking cessation 232 (5.60) 0 (0.00) 232(9.14) 0(0.00) 232 (44.5)
Regular physical activity 89 (2.15) 0 (0.00) 89 (3.51) 0(0.00) 89 (17.1)
Healthy diet 201 (4.85) 0 (0.00) 201 (7.92) 0(0.00) 201 (38.6)
(201/521)
Weight loss 121 (2.92) 0 (0.00) 121 (4.77) 0 (0.00) 121 (23.2)
Medication adherence 49 (1.18) 0 (0.00) 49 (1.93) 0(0.00) 49 (9.4)
Blood pressure control 36 (0.87) 0(0.00) 36 (1.42) 0(0.00) 36 (6.9)
Blood sugar control 13 (0.32) 0(0.00) 13(0.51) 0(0.00) 13(2.5)
App characteristics, n (%)
Providing information 175 (4.22) 0 (0.00) 175 (6.90) 0 (0.00) 175 (33.6)
Prompting motivation 179 (4.32) 0(0.00) 179 (7.05) 0(0.00) 179 (34.4)
Planning 264 (6.37) 0 (0.00) 264 (10.40) 0(0.00) 264 (50.7)
Reminding 188 (4.54) 0(0.00) 188 (7.41) 0 (0.00) 188 (36.1)
Feedback or monitoring 94 (2.27) 0(0.00) 94 (3.70) 0(0.00) 94 (18.0)

3Smartphone refersto all kinds of Internet-compatible cell phones.
bSD: standard deviation.
CISCED: International Standard Classification of Education.

Ypost-tax household income: Low <€2100, moderate €2100-3600, high >€3600 (1 Euro=1.1 US dollar; October 6, 2016).

€BMI: body mass index.

What Factors Are Associated With Smartphone Use?

Results from a binary logistic regression revealed that
smartphone userswere significantly younger (OR 0.92, P<.001)
and were more likely to have a university degree (OR 1.69,
P=.003). Furthermore, they were more likely to usethe Internet
for research about health issues (OR 3.24, P<.001) compared
with non-smartphone users (see Table 2). Employment was
associated with smartphone use, that is, individuals reporting
to work part-time (OR 0.60, P<.001), not to work (OR 0.48,
P<.001), and to be retired (OR 0.23, P<.001) were less likely
to use smartphones compared with full-time workers.
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Participants who had a university degree were more likely to
own a smartphone compared with people without or with basic
qualification (OR 1.69, P=.003). Smartphone users were also
more engaged in physical activity (OR 1.26, P=.02) but they
were less likely to follow a low fat diet (OR 0.67, P<.001).
Higher hedlth-related quality of life was associated with
smartphone use (OR 1.24, P=.03) and there was an association
between health literacy (OR 1.05, P<.001) and smartphone use.
Smartphone use was not associated with sex; mother tongue;
chronic conditions; or the health behaviors smoking, balanced
diet, and adherence.
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Table 2. Multivariate associations with smartphone and health app use.
Item Smartphone® use Health app use
(N=4144) (n=2538)
Oddsratio 95% Cl P Oddsratio 95% Cl P

I nter cept 21,74 <.001 0.47 0.19
Female (vs male) 0.92 0.76-1.1 0.37 115 0.94-1.42 0.18
Age 0.92° 0.91-0.93 <.001 0.97° 0.96-0.98 <.001
Mother tongue (other vs German) 118 0.85-1.64 0.32 15 1.11-2.02 0.008
Internet use 3.24° 2.6-4.03 <.001 1.68° 1.37-2.06 <.001
Employment

Working full-time Reference® Reference

Working part-time 0.60° 0.46-0.79 <.001 0.82 0.89-1.15 0.25

Not working 0.48° 0.33-0.7 <.001 0.99 0.61-1.62 0.98

Retired 0.23° 0.17-0.3 <.001 11 0.67-1.81 0.71
Education

No or basic qualification Reference Reference

Vocational qualification 1.04 0.8-1.35 0.79 0.89 0.65-1.23 0.49

University degree 1.69 1.2-2.37 0.003 1.04 0.72-1.51 0.84
Multiple chronic conditions

None Reference Reference

One 1.02 0.83-1.26 0.85 134 1.04-1.72 0.02

Two 0.97 0.72-1.3 0.83 2.36 1.63-342 <.001

Three or more 0.78 0.49-1.25 0.3 2 1.07-3.75 0.03
Health behaviors

Smoking 111 0.9-1.35 0.35 0.98 0.78-1.22 0.84

Physical activity 1.26 1.03-1.52 0.02 1.38 1.11-1.72 0.003

Balanced diet 1.03 0.85-1.26 0.75 1.06 0.84-1.34 0.63

Low fat diet 0.67° 0.55-0.81 <.001 133 1.06-1.66 0.01

Adherence (doctor’s advice) 0.96 0.72-1.27 0.76 0.81 0.57-1.14 0.23
Health-related quality of life 124 1.02-1.5 0.03 0.94 0.76-1.16 0.55
Health literacy 1.08° 1.04-1.07 <.001 1.02 1-1.03 0.04

8Smartphone refersto all kinds of Internet-compatible cell phones.
bstill significant after correction for multiplicity.
‘Reference: reference category set to 1.

Which Factors Are Associated With Health App Use?

Out of al smartphone users, 20.53% (n=521/2538) reported
using health apps. Health app users were significantly younger
(OR 0.97, P<.001) and used the Internet for research about
health issues (OR 1.68, P<.001) more often than those not using
health apps (see Table 2). Participantswho had another language
than German as mother tongue were more likely to use health
apps (OR 1.50, P=.008). Individual sreporting chronic conditions
were more likely to use health apps:. individuals with one (OR
1.34, P=.02), two (OR 2.36, P<.001), and three or more chronic
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RenderX

conditions (OR 2.00, P=.03) were more likely to use a health
app compared with individuals without chronic conditions.
Regarding health behaviors, asignificant association with health
app usewas only found for physical activity (OR 1.38, P=.003)
and low fat diet (OR 1.33, P=.01). Finally, health app users
were more health literate than nonusers (OR 1.02, P=.04). Health
app use was not associated with sex, employment, education,
smoking, balanced diet, and adherence to doctor’s advice; and
health-related quality of life.
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Which App Characteristics Do the Different Health
AppsInclude?

Health app users reported using apps to support changes in
smoking cessation (232/521, 44.5%), healthy diet (201/521,
38.6%), weight loss (121/521, 23.2%), physical activity (89/521,
17.08%), medication adherence (49/521, 9.4%), blood pressure
control (36/521, 6.9%), and blood sugar control (13/521, 2.5%;
see Table 1). The most common app characteristic was planning
(264/521, 50.7%), followed by reminding (188/521, 36.08%),
prompting motivation (179/521, 34.4%), providing information
(175/521, 33.6%), and feedback or monitoring (94/521, 18.0%).

Which BehaviorsTargeted by the AppsAreAssociated
With Actual Behavior?

Multimedia Appendix 1 shows associations of behaviorstargeted
by the apps and actual behavior. There are five separate
analyses. All app userswereincluded in each analysis (n=521).
Covariates per themodel are noted down the column on the | eft
side, which is sex, age, behaviors targeted by the apps, and app
characteristics.

Participants who were smokers were more likely to use health
apps for physical activity (OR 14.44, P=.001; see Multimedia
Appendix 1). Conversely, participants who reported to engage
inregular physical activity werelesslikely to use appstargeting
physical activity (OR 0.54, P=.03) and weight loss (OR 0.48,
P=.003) and were more likely to use apps targeting smoking
cessation (OR 3.01, P<.001) and healthy diet (OR 1.65, P=.02)
compared with inactive participants. Participants who were
engaged in physical activity were also significantly younger
(OR 0.97, P=.001) than inactive ones. Individuals following a
low fat diet were more likely to use apps on smoking cessation
(OR 2.34, P<.001) and healthy diet (OR 1.83, P=.007), but were
lesslikely to use appstargeting weight loss (OR 0.31, P<.001).
Individuals engaging in a balanced diet were using apps for
smoking cessation (OR 2.16, P=.001) and healthy diet (OR
1.97, P=.003) more often, but used apps for weight loss (OR
0.31, P<.001) less often. Participants who reported adherence
to doctor’s advice were more likely to use apps on smoking
cessation (OR 3.07, P=.005). There were no other associations
between behaviors targeted by the apps and actual behavior
beyond the reported findings.

Which App Characteristics Are Associated With
Actual Behavior?

Multimedia Appendix 1 shows associations of behaviorstargeted
by the apps and actual behavior. There are five separate
analyses. All app userswereincluded in each analysis (n=521).
Covariates per themodel are noted down the column on the | eft
side, that is sex, age, behaviors targeted by the apps, and app
characteristics.

Participants using health appsincluding the app characteristics,
planning (OR 1.51, P=.04) and feedback or monitoring (OR
2.15, P=.007), were more likely to engage in physical activity
(see Multimedia Appendix 1). Moreover, people who reported
to use apps including the app characteristic feedback or
monitoring were more likely to adhere to doctoral advice (OR
5.94, P=.02). There were no other associations between app
characteristicsand actual behavior beyond the reported findings.
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Discussion

Principal Findings

Two-thirds of the participants owned a smartphone, but only
one in five reported using apps for heath-related purposes.
Those using smartphones tended to differ in their demographic
profile compared with nonusers. They tended to be younger,
more health literate, had a higher socioeconomic status, and felt
better about their life. Importantly, those who used health apps
appeared to be different from smartphone owners who did not
use health apps. Health app users were younger, less likely to
be native German speakers, morelikely to conduct health-rel ated
Internet searches, morelikely to suffer from chronic conditions,
and more likely to follow health behaviors. Although using a
health app may reveal an interest in health and certain health
behaviors, the apps that peopl e were using were not necessarily
reflective of the health behaviorsthey were performing. Hence,
health app use may reflect auser’s motivation to change health
behaviors. Finally, we found weak associations of health
behaviors and health app characteristics, with planning and
self-monitoring being the only significant exceptions.

Smartphone Use

The extent of smartphone use found in our study was
comparable with the findings of the 2015 US Pew Research
Center Survey [23], where 64% of the participants were using
a smartphone, compared with 61.25% (2538/4144) in our
sample. A 2012 Pew Research Center Survey found that 45%
of the US adults owned a smartphone [24]. In a recent
longitudinal survey, Levine et a [10] found that older people
with a mean age of 75 years used digital health at low rates.
There were modest increases from 2011 through 2014. This
underlines the rising importance of mobile technology in
people's lives. The 2015 Pew Survey aso identified age as a
correlates for smartphone use, which was confirmed in this
study: younger people were more engaged [23]. Furthermore,
our findings contribute to previous findings on literacy-related
disparities in access to mobile technologies by revealing an
association between smartphone use and health literacy [9].

We contributed to the evidence of correlates of smartphone use
with health-related quality of life, Internet research behavior,
physical activity, and low fat diet. The relationship between
health-related quality of life and smartphone use may be
explained by socioeconomic variables. People with higher
education and higher incomes score higher in quality of life
[25]. Indeed, we found a university degree and a full-time
employment to be associated with smartphone use. Further
research on this interplay is needed. Smartphones offer direct
and easy access to the Internet, which may be a possible
explanation for the correlation between Internet research
behavior and smartphone use. This finding underlines the
importance of the Internet and mobile technologies for health
issues.

Health App Use

Regarding health app use, the 2012 Pew Survey found that 19%
of the mobile phone users took advantage of heath apps,
consistent with our finding of 20.53% (521/2538) [24]. In both
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studies, 4 out of 5 participants were not using health apps.
Results from arecent study by Krebs and Duncan [7] revealed
ahealth app use of nearly 60%. Krebs and Duncan investigated
ayounger population with a mean age of 40 years (mean age
of our sample was 57 years) which may be a possible
explanation for the difference. Nonetheless, this underlines the
potential of health apps in the future, as they seem to be very
popular among young people; yet also older people are
increasingly engaged in mobile technologies [10,23].

Wefound native German speakersto belesslikely to use health
apps compared with nonnative speakers. This finding is
consistent with Krebs and Duncan, who found in their survey
among aUS samplethat hispanicswere more likely to use health
apps. Greater use by minoritiesin each country could be dueto
difficulties accessing the health care system as well as greater
use of Internet on smartphones versus home connections.

We found that the association of health app use, age, and
health-literacy in our survey was in accordance with results
from Krebsand Duncan [7] and Bailey et al [9], who found age
and literacy-related disparitiesin the use of mobile health apps.
The role of age in the use of health apps highlights that the
relevance of new potential ways of supporting health topicsis
growing in the future. However, app developers should not
forget about older people, especially because health issues
become increasingly important in later years [26]. Tailored
theory-based health app interventions may be a way to reach
people from all ages, and app devel opers should take the needs
of older people and people with low health literacy into account
to further decreasethe“ digital gap” between usersand nonusers

[2].

There is a need for mobile solutions for disease management.
Our findings indicate that people suffering from chronic
conditions were more likely to use health apps. We found this
correlation not only when we werelooking at smartphone users
(n=2538) but a so when we wereinvestigating the whole sample
(N=4144). Another finding from this study is the correlation
between physical activity and health app use, that is, people
who exercise are more likely to use health apps. Both findings
indicate that people use mobile technologies that help them to
manage diseases and certain health behaviors.

Looking at the behaviors targeted by the apps, the 2012 Pew
Survey identified exercise, diet, and weight loss apps as the
most popular behaviors [24]. In this study, we found smoking
cessation, healthy diet, and weight loss to be the most popular
behaviorstargeted by the apps. Considering that cardiovascular
diseases are the most common cause of death in western
countries, thisis an encouraging finding [27].

Behaviors Targeted by the Appsand Characteristics
of the Apps

These analyses were conducted to explore the correlations
between health behaviors targeted by the apps, and health app
characteristics and actual health behavior, rather than to strictly
test hypotheses. Future research should establish specific
hypotheses based on our results. In this study, health app use
was seen as motivation to change or maintain health behaviors
using mobile technologies. One-fifth of the smartphone users
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reported use of health apps, which may reflect an interest in
health and health behavior change. Conversely, using health
apps was not necessarily related to an active engagement in the
respective health behavior. It appearsthat the apps which people
have on their smartphones indicate what they want to change,
not their actual behavior. Concerning correlations of health app
characteristics with actual behavior there were associations
between planning and physical activity, between feedback or
monitoring and physical activity, and between feedback or
monitoring and adherence to doctor’s advice. These findings
relateto other studiesthat found self-monitoring to be associated
with health behaviors—although our findings were limited to
certain health behaviors [28].

Strengthsand Limitations

A strength of this study wasthelarge nationwide sample. It was
a stratified sample by sex, age, German federa state, and
education to increase the representativeness. Moreover, we
provided an overview about the extent of smartphone and app
use. Finally, we supplied novel information, contributing to the
research field, by including health-related quality of life, health
literacy, multiple chronic conditions, and health behaviors as
well as information about health app characteristics aimed at
changing health behaviors.

Our research was limited by the design of the survey. Due to
the cross-sectional character of the survey, changes could not
be examined, including associations of behaviors targeted by
the apps and app characteristics with actual behavior. As the
findings suggest, smartphones and app use were more common
among younger respondents; however, the survey did not include
people aged below 35 years, as our focus was individuals with
and without chronic conditions. Income could not be used in
multivariate predictions because acritical number of participants
(582/4144, 14.04%) did not answer that question. Previous
studies found app use to be associated with higher income [7].
Another aspect isthat the nature of the survey questionslimited
the conclusions that could be drawn from the results. For
example, BMI was calculated based on self-reported weight
and height which is a possible source of bias. Smoking was
defined as daily smoking which overlooks the complexity of
smoking behavior, for example, social smoking. Thislimitsthe
conclusions that can be drawn from the finding that smoking
status was not associated with the use of apps for smoking
cessation.

Furthermore, a large number of analyses were conducted
increasing the probability of type | errors (ie, stating an effect
when none was present). However, our study has an explorative
character. Nonetheless, in addition to the uncorrected results,
we decided to report the multiplicity corrected resultsfollowing
arecommendation by Streiner [22], who discussed arguments
for and against a correction of multiplicity.

Namely, our ambition is to provide a huge basis that can be
further examined in future research.

Implicationsfor Further Research, Policy, and Practice

Our findings have shown that two-thirds of the participants aged
above 35 years used a smartphone, but of these only 1in 5
participants has been using health apps. Thus, when apps are
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designed for public health, many people cannot be reached
because they either do not have a smartphone or they do not
use it for health reasons. Furthermore, lower levels of health
literacy and age appropriateness need to be taken into account
when designing health apps. Special regard for people with
multiple chronic conditions is needed. Tailoring the training
regime to the special needs of chronically ill people have not
yet been implemented in many health and lifestyle apps. Health
apps may play a major role for future health participation of
individuals as well asfor their autonomy and health literacy.

We gained insight into the relationship between app
characteristics and actual behavior. For future research, the
effects of health app use on health behaviors should be analyzed
by applying longitudinal or experimental research designs. An
important point, which should beinvestigated, isthe association
between the presence or absence of chronic conditions and the
use of specific health apps or app characteristics. Future research
should investigate additional behaviors targeted by apps such
as dleep tracking or managing doctoral appointments as our
guestions constrained the survey results to certain behaviors
based on the review by Riley et a [2].

Theinfluence of health app use on health-related quality of life,
health behaviors, and disease management should be
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investigated in greater detail. More research on effective app
characteristics is needed. Information on the effectiveness of
health apps based on evidence from rigorous research designs
should be provided for users. This would increase the
transparency in the market, given the huge number of apps
available. Not only governmental guidelines and regulations,
but also WHO recommendations could help people choose
effective and appropriate apps [29]. A first attempt in this
direction is the MEDDEV Guideline 2.1/6 for the European
market and aguideline from the Food and Drug Administration
(FDA) for the US market [ 30,31]. Although these are not legally
binding, they offer an orientation for developersand consumers
of mabile health apps.

We found age- and literacy-related disparities in the use of
mobile technologies. Thus, app developers and researchers
should take the needs of older people with multiple chronic
conditions and people with low health literacy, for example, by
providing tailored health apps tested in intervention studies,
into account [7,9]. Likewise, campaigns should be launched
aimed at training older adults in mobile technologies and
enhancing the health literacy of the population to decrease
inequalities resulting from technological progress.
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Abstract

Background: eHeadlth is developing rapidly and brings with it a promise to reduce social health inequalities (SHIS). Yet, it
appears that it also has the potentia to increase them.

Objectives: The general objective of this review was to set out how to ensure that eHealth contributes to reducing SHIs rather
than exacerbating them. This review has three objectives: (1) identifying characteristics of people at risk of experiencing social
inequality in health; (2) determining the possibilities of developing eHealth tools that avoid increasing SHI; and (3) modeling
the process of using an eHealth tool by people vulnerable to SHI.

Methods: Following the EPPI approach (Evidence for Policy and Practice of Information of the Institute of Education at the
University of London), two databases were searched for the terms SHIs and eHealth and their derivativesin titles and abstracts.
Qualitative, quantitative, and mixed articleswere included and evaluated. The software NVivo (QSR International) was employed
to extract the data and allow for a metasynthesis of the data.

Results: Of the 73 articles retained, 10 were theoretical, 7 were from reviews, and 56 were based on empirical studies. Of the
latter, 40 used a quantitative approach, 8 used a qualitative approach, 4 used mixed methods approach, and only 4 were based on
participatory research-action approach. The digital dividein eHealth is a serious barrier and contributes greatly to SHI. Ethnicity
and low income are the most commonly used characteristics to identify people at risk of SHI. The most promising actions for
reducing SHI via eHealth are to aim for universal access to the tool of eHealth, become aware of users’ literacy level, create
eHealth tools that respect the cultural attributes of future users, and encourage the participation of people at risk of SHI.

Conclusions: eHealth has the potential to widen the gulf between those at risk of SHI and the rest of the population. The
widespread expansion of eHealth technologies callsfor rigorous consideration of interventions, which are not likely to exacerbate
SHI.

(J Med Internet Res 2017;19(4):€136) doi:10.2196/jmir.6731

KEYWORDS
Internet; social media; telemedecine; healthcare disparities

: and worldwide by using information and communication
Introduction technology [7]. At a palitical level, the American Recovery
Background Reinvestment Act authorized the government to spend US $38

billion over 10 years to develop eHealth in order to increase
accessibility to care [8]. Australia's National eHealth Strategy
predicts that eHealth will transform the manner in which

A number of studies have demonstrated that eHealth is effective
in preventing and treating ilinessfor the entire popul ation [ 1-6].
eHeadlth is the way to improve health care locally, regionally,
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consumers interact with the health care system and will lead to
areduction in costs and demands on the system [9]. According
to Health Canada [10], eHealth is an essential element in the
renewal of health care and its application to the Canadian
system, thanksto improvementsin accessibility, and the quality
and efficiency of the system; this is beneficial to Canadians.
However, eHealth also hasthe potential to increase social health
inequalities (SHIs) [6,11-13]. SHIs, such as the difference in
the prevalence of illness and of illness repercussions, the
mortality rate, and the burden of illness and other health
conditions for specific population groups are caused by unjust
and modifiable social factors [14]. This term includes
inequalities and inequitiesin the environment, access, utilization
and the quality of services, health status, and the results of
interventions[15]. Indeed, eHealth is effective to the extent that
individuals are in a position to use it well. Yet, thisis not the
case for everyone; in fact, this creates a gap between users and
nonusers in terms of the improvement of health services.

The reduction of SHI is a key challenge for health systems
worldwide, including in Canada, and eHealth is an economical
and political means to that end. Yet, since it also has the
potential to increasethem, it is essential to focus on developing
eHealth tools that, in fact, contribute to the reduction of SHI
and not their exacerbation. Thisleadsto thefollowing question:
how do we ensure that eHealth contributes to reducing social
inequalitiesrather than exacerbating them? In responding to the
research question, we have three objectives: (1) identifying
characteristics of peopleat risk of experiencing social inequality
in health; (2) determining the possibilities of developing eHealth
tools that avoid increasing SHI; and (3) modeling the process
of using an eHealth tool by people vulnerableto SHI. To answer
this question, areview of the literatureis required.

eHealth Tool and SHIs

Previous literature reviews on the relationship between SHIs
and eHealth are summarized here to both incorporate already
existing knowledge on the subject and to demonstrate the
relevance and contribution of thisreview. Seven reviews on the
relationship between SHI and eHealth were identified over the
last decade. First, Gibbons et a [16] reviewed some design
principles based on solid datato improve the facility with which
people at risk of SHI handle eHealth tools. They identified 5
principles to consider when developing an inclusive eHealth
tool:

1. Use a design based on experimentation with the tool
allowing usto identify the nature of possible errors and the
strategies to employ.

2. Create atool for people with limited resources in order to
ensure that all users are readily able to useiit.

3. Whenever possible, avoid authentication procedures with
the tool (if this aspect is indispensable, considering the
personal data that utilization of the tool requires, ensure
that technical assistance is provided to users).

4. Minimize the potential of having harmful information
inadvertently available.

5. Evauate the tool with representative users.

For their part, the objective of Dorstyn et a [17] was to
synthesize quantitative evidence related to the efficacy of adult

http://www.jmir.org/2017/4/e136/
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telecounseling for a racia minority. They demonstrated the
efficacy of thistype of eHealth tool in comparison to monitoring
alone, but thishasyet to be proven in comparison to face-to-face
encounters.

Next, Montague and Perchonok [18], in their review of the
literature, examined how technology is used by historically
disadvantaged populations to reduce health inequalities. Thus,
they addressed four research questions: (1) What types of
technologies were used to improve health results of historically
disadvantaged populations? They discovered that videos, the
Internet (including access via mobile phones), computers, and
radios were the most studied technologies. (2) On what health
problemsistechnology focused? The five most studied problems
are cancer, diabetes, human immunodeficiency virus (HIV),
nutrition, physical activity, and sexually transmitted infections.
(3) For which historically disadvantaged groups have eHealth
interventions been designed? 19 groups were identified in the
literature, including Americans of African origin, Hispanics,
indigenous people, and Americans of Asian origin. (4) How
were the impacts of the use of such technologies evaluated?
Self-evaluation measures are the most common, followed by
physiological changes.

For their part, Huxley et al [19] attempted to understand the
effects of interventions linked to digital communication in
specific contexts (marginalized groups vs the general
population). They revealed a number of barriers to the use of
communication in general for marginalized groups including,
notably, difficulties of access, and stigmatizing reactions from
both health professionalsand other patients. Nonetheless, digital
communication has the potential to reduce these barriers by
providing anonymity and offering advantagesfor those needing
aninterpreter. Thisform of communicationisliableto function
well when there is a preexisting relationship with the
practitioner.

For their part, Chou and colleagues [20] explored the evidence
concerning the use of Web 2.0 and social mediaand their impact
on the promotion of health. From this, they concluded that the
lack of empirical research meant that further investigation was
required, especially concerning the design of tools accessible
to vulnerable populations.

Mclnnes et al [21] studied access to and utilization of
information technol ogies among the homel ess. They found that
use varied from 24% to 84%, depending on the technology
(cellular, computer, or accessto a public computer), and suggest
that this technology could contribute to improving the health
of this population.

Finally, Piette et al [22] conducted a scoping review to identify
data on the effects of eHealth on health outcomes and costs.
They conclude that “Although large programs for eHealth
implementation and research are being conducted in many |ow-
and middle-income countries, more information on the impacts
of eHealth on outcomes and costs in these settings is till
needed.”

Thus, although these reviews of the literature make a major
contribution to the body of knowledge on the relationship
between SHI and eHealth, they only partially address the
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guestion and research objectives. This review of the literature
isintended to complement the reviews cited previously.

Methods

Approach

The EPPI (Evidence for Policy and Practice of Information of
the Ingtitute of Education at the University of London) approach
was used in this procedure [23]. This approach suggests an
iterative process with an explanation and a justification of the
choices made. The EPPI approach offersan armory of toolsand
strategies for conducting research reviews on “how” to use
eHealth tools to reduce SHI. The EPPI approach was chosen
for its openness to integrating different types of studies and
their variety of methodologies. It aims at the understanding of
a phenomenon, to which every study, regardless of design, has
the potential to contribute [24].

Criteria of Inclusion and Exclusion

In order to respond adequately to the research questions, criteria
of inclusion and exclusion were established. The criteria of
inclusion were (1) articles published within the last decade
(2006-2016); (2) in a peer-reviewed academic journal; (3) in
English or French; (4) with an abstract available for screening
by title and abstract; and (5) related to the research subject. For
thislast criterion, it was established that the article must concern
eHealth and SHI; eHealth and the populations at risk of SHI
(related to poverty, ethnicity, gender, mental health, age, low
levels of literacy, HIV, low levels of numeracy, sexual
orientation, rural residence, or tobacco addiction); or eHealth
in the general population, but demonstrate inequality through
adifferentiated sociodemographic analysis. Thefour first criteria
of inclusion were applied through research filters available from
the databases. In the context of this review, the eHealth tools
examined are those concerning education of the entire
population or of individuals and do not include technological
tools related to the management of the health care system, the
monitoring of the health of the entire population, education for
professionals, and the exchange of information between
organizations.

Articles were excluded if the study focused on health or
educational professionals, if the eHealth tool was exclusively
a method to collect data for research, or if the article was not
available.

Resear ch Strategy

There are countless knowledge transfer platforms related to
eHealth and SHI. Nevertheless, to makethisreview asreplicable
as possible, it was decided that the references needed to be
tracked by database. From April to July 2016, articles were
identified from two databases related to the research subject,
Medline (PubMed) and Cumulative Index to Nursing and Allied
Health Literature (CINAHL). For each database, terms
corresponding to key concepts as well as those associated with
the thesaurus of each database were used and searched for in
titles and abstracts. The terms corresponding to key concepts
were identified from leading articles on eHealth and SHI, with
the help of a specialist in documentation from the University
of Laval.
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The first chain of terms related to eHealth included: eHealth,
Web-based, Internet, interactive health communication*, health
communication*, computer communication network*,
computer-assisted therapy, computer assisted, software,
communication* media, telecommunication*, multimedia,
medical information technolog*, computing, consumer* health
information technolog*, World Wide Web, computer-assisted
instruction*, interactive technolog* application*, hypermedia*,
video game*, Virtual realit*, online learning, social media*,
new media*, participatory media*, user-generated content,
Facebook, MySpace, Twitter, YouTube, Second Life, wiki*,
blog*, Web 2.0, online social network, social networking, health
application*+thesaurus: (PubMed) Internet, social media;
(CINHAL) and information science with the Boolean operator
“OR” between each term.

The second chain of terms stemming from SHIs included
underprivileged, health inequalit*, inequalit* in health, poverty,
inequalit*, social inequalit*, socioeconomic inequalit*, health
for all, health-related exclusion, health disparit*, health equit*,
equit*, in health, vulnerable group*, inequalit*, disparit* in
health+thesaurus: (PubMed) Health Care
Disparities+socioeconomic factors+poverty; (CINAHL) Health
Care Disparitiesthealth status disparities+poverty, aso with
the Boolean operator “OR” between each term. Then, the two
chains of concepts were interconnected with the Boolean
operator “AND.”

The articles identified were exported to software for
bibliographical references (Zotero) to facilitate the classification,
importation, and exportation of documents, as well as the
removal of duplicates. References were then imported using
Covidence [25] (a Cochrane technology platform) to select
articles respecting the criteria of inclusion and exclusion, first
by titles and abstracts, and then by the complete article.
Covidence was specifically designed to support systematic
reviews.

Evaluation of the Quality of Articles

To evaluate the quality of quantitative studies, the Quality
Assessment Tool for Quantitative Sudies [26] was used. This
tool was judged to be excellent in evaluating the quality of
studies in public hedth [27]. The qualitative studies were
themselves eval uated based on an adaptation of quality standards
from qualitative studies of Letts et al [28], including Gubaand
Lincoln [29] and Howe and Eisenhart [30]. There are no
generally accepted norms by which to assessthe methodol ogical
quality of mixed methods [31]. Nonetheless, we chose to use
the criteria of Schifferdecker and Reed [32] to produce more
precise guidelines. The reviews were evaluated by assessment
of multiple systematic reviews (AMSTAR) [33], a valid and
reliable instrument for evaluating the methodological quality
of systematic reviews[27,34].

In order to meet the objectives of this review of the literature
and to ensure that we were not eliminating data relevant to the
research, the quality of articleswas not evaluated with the goal
of excluding articles but rather to consider their limitationsin
the course of the analysis and synthesis of knowledge [24].
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Analysis

The analysis was completed in two stages. First, thematic
analysis [35], with the use of Nvivo software (QSR
International) allowed for the classification of themes related
to the research goals emerging from the articles retained.
Thematic analysis permits usto identify all the relevant themes
for our research [35]. The data were extracted from all the
articles selected and organized, with an inductive approach, by
theme, according in conjunction with the objectives of the
review. The final themes selected are (1) characteristics of those
studied who are at risk of SHI; (2) potential obstaclesto the use
of eHedlth tools; (3) interventions in eHealth that could
potentially contribute to the diminution of SHI; (4) eHealth
interventions that could potentialy contribute to the increase
of SHI; and (5) the types of technology. Next, a metasynthesis
was performed to enhance understanding of the creation of SHI
in eHealth [24]. Metasynthesis serves to comprehend a
phenomenon [36]. Theanalysis, with the hel p of conceptualizing
categories, forms the basis of this metasynthesis [35]. A
conceptual map was created with MindMapleLite (MindMaple
Inc) according to the interpretation of the articles in order to
model the process of using an eHealth tool by people at risk of
experiencing SHI. This map was then designed to facilitate

Figurel. PRISMA flow diagram.

5381 articles were identified by the
databases
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comprehension. Each stage of the process, as well as the
resulting choices and justifications, were documented in a
logbook and supervised by the director (CH) of the principal
author (KL). A general outline of the studies done (descriptive
mapping) will first be presented.

Results

Articles Selected

A total of 5381 articleswereidentified by the databases. Of this
number, 115 duplicates were eliminated. Thus, the titles and
abstracts of 5266 articleswerefirst examined. It was found that
5035 were excluded based on the inclusion and exclusion
criteria. Of the remaining number, 151 articles concerned themes
related to the research subject (gender, gerontechnology,
literacy, HIV, numeracy, sexua orientation, rurality, mental
health, addiction to tobacco). Although these articles could
contribute to the exploration of some principa themes, it was
decided to concentrate solely on articles bearing on the
relationship between SHI and eHealth. Thus, 80 complete
articleswere examined and, of these 7 were ultimately excluded,
bringing thefinal number to 73 articlesretained for thisanalysis
(Figure 1).

115 duplicates

Medline and CINHAL

Y

>

5035 were excluded based on the inclusion and
exclusion criteria

( 5266 articles by titles and abstracts |

‘_f 151 articles concerned themes related to the research

Y

[ 80 complete articles were examined

Description of Included Studies

Of the 73 articles retained, 10 were theoretical, 7 were reviews
of the literature previously referenced, and 56 were empirical
studies. Of the latter, 40 adopted a quantitative approach, 8
employed a qualitative approach, 4 used mixed methods, and
4 were based on participatory research action (see Multimedia
Appendix 1). The majority of empirical studieswere American
(44), and the rest were British (4), Australian (4), Dutch (2),
and German (1).
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The quality of studies varied (Multimedia Appendix 2).
However, the conceptual categoriesretained inthe metasynthesis
all recurred in the articles, which diminished the effect of the
weaker studies.

A large proportion of the studies that focused on the utilization
of technology in daily life among people at risk of SHI (15)
attempt to comprehe